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k said to another flask... 





Anew development of the Rotatest enabling the operator Variable speed as the Rotatest R/100. e 


to select continuous rotation in one direction or a Zhe Rotatest orbital shaker has been specifically 


reciprocating rotation of about 12—60 seconds designed to provide smooth equal blending and 
according to requirements in both clockwise and mixing by horizontal rotary motion. Illustrated here 
anti-clockwise directions with a “dwell” period is the R/100 AR which will hold 6 conical flasks 


between each change of- 1 to 2 seconds. ; e of both 250 ml and 500 mi sizes. 
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Seeing is believing! : 
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L Contact me for a personal demonstration. ° “~ 

Name iaaa E E anes Saale NEE 

FOSON eea EE AE PARNE E A 

EES EON, i i i 
(i (8 |< |: | a eee hee ne a A ee AE AEN a ae 

Telephone Ext. i 

# 
® 
= 2 
W: anai m 
* ae 
* * 
+ * 
s a - 


Circle No. 05 on Reader Enquiry Forth. 






hottest 
available 


25-Hydroxy [23,24H] cholecalciferol 
60-100Ci/ mmo! TRK.558 





L-(*°S]Methionine °SJ.204 


<e The specific activity of the last ten batches 
has been 550-820Ci/mmoi, with an 
average of 627Ci/mmol. 


® 


Piease enquire for further details 





The Radiochemical Centre 
Amersham 
The Radiochemical Centre Limited, Amersham, England. 
Tel: Little Chalfont (024 04) 4444. 
. inthe Americas: Amersham/Searie Corp, Illinois 60005. 
i Tal, 312-593-6300. 
© In W. Germany: Amersham Buchler GmbH & Co, KG, 
Po Braunschweig. Tel: 05307-4693 -97, 
+ 


* 
Ld 


"e 1315/21 





Circle No. D6 on Reader Enquiry Form. 





© Nature 2b April 197 


Why is a beautiful | 
hotel like the Pulitzer 
featuredina 
magazine like this? 


Guess! |. 


Even a scientist needs to relax 


The four star Pulitzer is located along 

one of Amsterdam's most famous canals 
in thé heart of the city. 17 historic 
buildings werecompletely restored to 

their original beauty and combined to 
house 175 guest rooms all with modern 
facilities. Graced with beams and natural 
brick wails, each room reflects a rustic 
charm not found elsewhere in Amsterdam. 





+ „You'll find a cozy bar to relax after a 

* busy day. A restaurant which serves 
deliciaus Dutch and French food. And 
keep in mined that the Pulitzer has private 
meeting facilities up to 60 persons. 









Sọ when you're planning astrip to 
Amsterdam, remember the Pulitzer. 


For additional information and instant 
free reservations: Call Nicholas Lawson 
Ltd. London: 01/4917431, telex 23189. 









ome 


A prize in the heart of 
surprising Amsterdam. 


Hotel P 





prinsengracht 315-331, amsterdam, holland, 
phone: 020 - 228333, telex: 16508 
cable address: pulitzer amsterdam 





+ 


Circle No. 07 on Reader Enquiry Form. 


ites apts anane Pietra ist NYA RRAEREA ES Mat 
SRR a gee ig ° Sagi A AE LEAYA 
BP RRR Bee eh ii j PAE R: $ $ fe 


Ped vine gigs Gib edigeipnaddsi caren da: 
AA I T n VANUS duane 


spintiv TA ‘ses È j ee 2 K r i Eg sas Leg i 
Saas ee 


tee 
nena 


ERN 
NEIERE 
REINES 

ieee 


Batted 


AMAR Mee EE MALE Hed nent 


Nester ch taint as setae esate aan maniac 


eee 


AA NTER 


Datei ee? 


BURNS 


Ed David on Kistiakowsky at the White House 


Chargaff on Aver 


Bernard Lovell on British Radic 


ic Ashby on Haldane 


Aubrey Manning on Lorenz 












i ome aS el 


hie rarine chloride a m “Fluorour AC BA 
B-Bungarotoxin Cordycepin Colchicine Ethiumbromide 
- Gramicidin D ADENOSINE-5 -0-THIOMONOPHOSPHATE 


: , TD Guanglyl- imidodiphosphate 
Phalloidin Kerodon D AOENOSNE-5- PTF 


areae olaosine-5-0-G-thiotriphosphate) 
Cycloheximide N-Hydroxyurea Puromycin dihydrochloride 
Neo mycin sulphate Adenosine-5-0-(2-thiodiphosphate) - 
Novobiocin g Strophantin Kanamycin sulphate \alidicic acid 
Kasugamycin sulphate StrePTOZOTOCIN 


i antimyci Stonactin Streptomycin sulphate 


in Emetine dihydrochloride Chromomycin A, 


_ Atenylyl (B, y-methylene)- diphosphonate Chleram henicol 
~ Chloroquine diphos "By ae 


Mitomycin ythromycin 
Carhonyicyanide-p-trifluoromethaxy - C Er ‘Daunomycin hydrochloride 
Tetracycline hydrochloride a-Bungarotoxin, OlIEOMYCIN 


| ec Mil imidodiphosphate Cuanyby{ ((,y-methylenc)-diphosphonate 
aii al Mannheim INHIBITORS 




















oh boy! You forgot 
Actinomycin C, T 

Adenosine-5’-0-(3-thiotriphosphate) 

a-Amanitin 





mannheim 


Our 48 inhibitors are listed in the 
Biochemicals Catalogue 1976 ’77 

and the supplements 

For detailed information please 
contact your local representative or 


Boehringer Mannheim GmbH 
Biochemica, P. O. Box’310120 
D-6800 Mannheim, W. Germany 


Circle No. 01 on Reader Enquiry Card. , 


2 oO IN SS) as ee a eS BI ne 2 ok te EEEE TE ENYN E A 
* seagrass ont eee Beaune feces ME aati Ot eae Wenge ane ec Mey oer A 


“Nature 28 Nature 28 April 1977 1977 j 


* 


Nature Viol. 266 28 April 1977 





© Macmillan Journals Ltd 1977 
Published weekly 
ISSN 0028-0836 
Registered as a newpaper at the 
British Post Office 


e 


London 
å Little Essex Street, WC2R 3LF 
Telephone: (01) 836 6633 Telex: 262024 
Telegrams: Phusis London WC2R 3LF 


Washington , | 
711 National Press Building, DC 20045 
Telephone: (202) 737 2355 
Telex: 64280 


Editor | 
David Davies 


Editorial Staff 
Marcus Dobbs Miran&a Robertson 
*Sandy Grimwade Stuart Sharrock 
Eleanor Lawrence Chris Sherwell 
Mary Lindley Hilary Taphouse 
Peter Newmark Robert Vickers 
*Colin Norman Mary Wade*. 
Judy Redfearn Charles Wenz 
*Washington office 
Publishing Director 
Jenny Hughes 
Advertisement Manager 
Richard Webb 


Advertising Representatives in the United 
States e 


Jobson/Jordan/Harrison and Schulz Ine. 
1901 West 8th St 
Los Angeles, California 90057 
Telephone (213) 483-8530 
also at 
57 Post Street, Suite 712-715, 
San Francisco, California 94104 
Telephone: ao 392 6794 


an 
Henry G. Dale Co and 
Hudson-Wright Associates 
235 East 50th St 
New York NY 10022 
Telephone: oh 421 0142 
an 


Mary Wade in Nature’s 
Washington Office 


Classified advertisement enquiries to: 
Classified Departmentge London Office, 
Telephone (01) 240 1101 


Annual subscription . 

UK . £35 
Air/surface USA and Canada US598 
Surface Rest of world * US$82.50 
Atwal Europe. US394 


Rest of world US$130 


Single copy (post-paid) 
UK 80p Rest of world US $2.50 
Binders (post-paid) _ 
UK £2.50 each, four for £8.00 
Rest of world US$5, four for US$16 


Index (post-paid) U.K. £2.50. Rest of 
World US$5.00 


Orders (with remittance) to: 
Macmillan Journals. Ltd, Brunel Road, 
Basingstoke, Hants. RG21 2XS 
Telephone: Basingstoke (0256) 29242 


US Postmaster, please send form 3579 to Nature. 
711 National Press Building, Washington DC 20045 


Second-class postage paid at New York, NY 
US mailing agentis: ` 
Expediters of the Printed Word Ltd., 
527 Madison Avenue, 
New York, NY 10022 


Cover picture 


Ed David reviews ‘A Scientist at the 
White House’ by G. :Kistiakowsky 
on page 778. 


* 
(Camera Press, London) 


+ 


Vol. 266 No. 5605 28 April 1977 








Volume 266 * 28 April 1977 


Scientists think, too 


Corresppndente 770 a 






NEWS AND VIEWS 
Martian atmosphere/Iron-salphur clusters/Mesons/Picornavirus mRNA/ 
Magnetostratigraphy/Maize in Yugoslavia/ 





„Plant and animal coevolution/Materials science nu 771 
+ 
: ® 
BOOK REVIEW SUPPLEMENT l 
A Scientist at the White House o i is nr 


(G. C. Kistiakowsky) 
The Professor, The Institute 
and DNA (R. J. Dubos) 


US. J. 2UDOS) O Erwin Chargaff 

The Man with Two Memories 

Q. B. S. Haldane) 

Konrad Lorenz’ H 
(A. Nisbett) Aubrey Manning 

Richard of Wallingford 


Richard Lorch 


Eric Ashby 





set teste aster ch ii A Rarer Mie tee 


_ (B... T. Dobbs) 
Copernicus: On the Revolutions of 
the Heavenly Spheres _ á 
{translated by A. M. Duncan) 
The Key to the Universe: A Report 
-on the New Physics (Nigel Calder) 


A. Rupert Hall __ 









J. D. North 


arannana 


— Stuart Sharrock 





Stuart Sharrock 


Bernard ‘Lovell 


„uaman sere et jeans n irren fsa anamanna rreri rere aa aana a meme r a 





(O. Heckmann) 

The Kind of Motion We Call Heat: 
A History of the Kinetic Theory 
of Gases in the 19th Century 


Bernard Pagel 


N. Feather 


mamenn ee etn en nn Av Aa i miRNA Renn en Me RRR TE A amsa. arn rere terete newer iasan ui 
ae reer aian aranais Taverner anarem eee te rn irre ancy rere Pe 


Theories of Vision from 


J. D. Mollon 


l mettar a n 
et mies Hemme iene 


The Question of Animal Awareness 
(D. R. Griffin) 


terres unatarasrra therein 


The Vertebrate Brain 
(R. Pearson and L. Pearson) 


Cognition and Reality 








John Krebs 


ma nas arr ere tH nu Lm he rept a 








eena aanmanen 





A are manta hers aa e m: 





River and Its Waterfowl 
(J. Harrison and P. Grant) 
Sa 




























































| ,..@ Articles may be up to 3,000 words 
long with at most six dispmyed items 

(figures and tables); they are reports of 
. Major research developments. 
| @ Letters are brief reports of original 

|. research of unusual and wide interest, 
| not in general longer than 1,000 words: 
- they have at most three or four 
displayed items. 

@ ‘Matters Arising’ permits short 

discussion (up to 300 words) of papers 
that Mave revtently appeared in Nature. 


Articles sheuld be accompanied by an 
- abstract of not more than fifty words. 
Letters should begin with 4 paragraph 
giving the background'and main 
conclusions in terms intelligible to as 

. wide a readership as possible. 

‘Manuscripts may be submitted either 
to London or Washington. Three 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing (including references) should be 
double spaced. The title should be 
brief and informative. Pages should 
be numbered, References, tables and 
figure legends should start on separate 
pageg. Experimental detail vital to the 
. paper yet which would interrupt the 
narrative is best placed in the figure , 
legends. Units should conform to the 
Syst&me International. Greek 
characters should be identified in the « 
margin on their first“ ppearance. 
Equations should occupy single lines 
if possible; exp (a) is preferred to e* if ‘a’ 
is more than one character. 

References are indicated by 
superscripts in the text. See any 
contemporary Nature for style, but n®te: 

(i) only one reference number need be 
used if the reference is to several papers 
_. by identical authors, 

- (ii) first and last pages of references 

. Should be cited. 

Abbreviations should follow the 

~ World List of Scientific Periodicals, 
fourth ed. (Butterworth, 1963-65), 
Syn*posia are often difficult to refer to 

and only published or soon-to-be- 

published volumes should be mentioned 

in references. Their publisher and place 

of publication should be clearly indicated. 

‘Personal communication’ and,‘unpub- 

| lished’ should be incorporated in text. 

we Artwork should be sent with the 

| manuscript and clearly marked with 

-author's name and the figure number, 

- Line drawings should be either 

| -photographic prints or in Indian ink on 

| heavy cartridge paper, tracing paper or 

= similar materials. Most figures are 

reduced to one column width so originals 











-return only the top copy and artwork of 
. Manuscripts that we cannot publish. 
_:. Nature's publishing poltcy is outlined 

* in 258, 1 (LBS) and 264, v,11 Nov. (1976). 


+ 



















so a ° 
C. H. Andrewes « D5 
a OM e aaa a a ed 796 
m ; e 
H. H. Lämb 797 

(P. B. Attewell and I. W. Farmer) J. L. Knill 798 
Dating in Archaeology: A Guide to j ae : 
__ Scientific Techniques (S. Fleming) Elizabeth Slater 798 
Prehistory of the Nile Valley ae | 
__(. Wendorf and R. Schild) Gudrun Corvinus ə 799 

arliest Man and Environments © | Sk re 

in the Lake Rudolf Basin | 

(Y. Coppens, F. Howell, T. Clark, 

L. Glynn and R. E. F. Leakey, editors) G. E. Kennedy 799 
Geology of the Olduvai Gorge _—_—~ . i 
_(R.L. Hay) OOOO W. W. Bishop 800 
A New Look at Mechanisms — | 
_in Bioenergetics (E. Racker) A. R. Crofts ~~ 801 
Biological Macromolecules and : aia i: 

Polyelectrolytes in Solution 

(Henryk Eisenbeng) ° ee a J. M. Creeth 801 
Immunglogy, Aging and Cancer se 
_ (P.M. Burnet)  ć Leslie Brent 802 





and M. Chamberlin, editors) 


tng Ni, bam @erur _ Walter F. Mangel __ 803 
Molecular Evolution id ee ent 











(Francisco J. Ayala, editor) ® Thomas H. Jukes 803 
€ell Hybrids Š K 
__(N. R. Ringertz and R. E. Savage) R. T. Johnson 804 


ARTICLES 


Interpretation of the Southern California uplift 





în terms of the dilatancy hypothesis M. Wyss | -805 
Hydrothermal fluids of seawater salinity in E. T. C. Spooner 
_ophiolitic sulphide ore deposits in Cyprus and C. J, Bray 808 
Subsurface movements of stone artefacts and 

their implications for the prehistory D. Cahen and 

of Central Africa i J. Moeyersons 812 
Defective interfering particles with covalently“ P. I. Marcus and ° 
__linked [+} RNA induce interferon M. J. Sekellick 815 

. * 


s 
LETTERS TO NATURE 


Q0000---398 is a high-redshift M. R. Gearhart and 








quasar with a large angular size E. Pacht 819 
Implications of the Viking results for S.°1, Rasool and 
__ Volatile outgassing from Earth and Mars L. Le Sergeant 822 
Magnetic observations of the solar F. E. M. Lilley and 

eclipse of 23 October 1976 in Australia D. V. Woods 823 


Magnetic superleaks 

Towards a theory of M 
stochastic vorticity-augmentation 

Theoretical evidence for 


metastable cyclic ozone 


TARANATA UA UA VAr nnana AA anna Nia mn 


ah armen et rer mm mans eh te ar aaa a. 





_____ 4M. Goldschvariz 824 


V. C. Liu 825 
P. G. Burton and 
M. D. Harvey 826 
S. W. Fowler and 
J-C. Guary | 827 








When is sex environmentally determined? E.L, Charnov and J. Bull 828 
Monogamy and sex change es H. Fricke and 
by aggressive dominance in coral reef fish S. Fricke 830 





M. Coluzzi, 
A. Sabatini, — 
V. Petrarca and 





__Of tke Anopheles gambiae complex M. A. Di Deco 832 
Control of plant respiration bs 
through non-photosynthetic light action W. S. Hillman 833 





Viral contamination of P. A. Nuttall, 
bovine foetal serum and cell cultures P. D: Luther and 
eT E, . J. Stott 835 
Neonatally tolerant mice fail to R. M. Zinkernagel, 
G. N. Callahan, 


react against virus-infected tolerated cells 
R K J. W. Streilein and 
e 


J. Klein 837 
m + 






(S F ; 


i F P ze f 
-+ è i 


3 March 1977 = ° 


Nature Vol. 266 





The law moves in 


A MEETING of the American Association for the Advance- 
ment of Science (AAAS) is a hard time fer journalists. 
Somehow one has to find a theme behind it all; not just the 
anonymous title adopted for this year’s gathering in Denver 
— ‘Science and Change: Hopes and Dilemmas’-—but some 
ground base on top of which runs the counterpoint of 
corridor and coffee-shop conversation. 

it isn’t an easy task. First, there is the preposterous 
proliferation of sessions about which almost everyone seems 
to complain. At any one time you have to choose amongst 
weather modification, Mars, everyday physics, solar EDETBY, 
energy in the Rockies, polar research, food peys, desert 
dust, behavioural research, organ transplants, early experi- 
ence in primates, appropriate technology, cognition, 
mingrities in science, limits to growth? information policy, 
religious minorities, systems research and the problems of 
a science academy. Second, scientists tend (as at the 
British Association) tgedrop in, cast their pearls and drop 
out. With some honourable exceptions this leaves little time 
for long conversations. Third, the rhetoric doesn’t help— 
what do administrators really mean when they talk about 
addressing the issues through a hopefully ongoing soft- 
failure mode of evaluation, and assessment within a 
prioritised problem-solving environment? 

And yet there was at least one theme to emerge from it 
all. and that was the increasing attention that lawyers are 
paying to the scientific and technological scene. Some of 
this attention has been in the field of human rights, where 
the remarkable action of President Carter in writing to 
Dr Sakharov has raised many hopes amongst both scientists 
and lawyers. But Scientists and lawyers don’t always find 
themselves fighting on the same sides, and several sessions 
were devoted to the difficult issues of scieagific freedom and 
responsibility, not just in the abstract but with pressing 
matters right to hand. The Governor of Colorado, Richard 
Lamm, who came to power not by the conventional political 
route but through an environmental concern which 
captured the state’s Imagination, put the problem remarkably 
succinctly in a public lecture. He had, he remark&d, been 
surprised to see a session entitled ‘Science: the Key to our 
Political Future’. (He would have been even more surprised 
if he had attended the session by some of the let-the- 
scientists-get-on-with-it views , expressed.) For Governor 
Lamm a more appropriate title would have been ‘Politics : 
the Key to our Scientific Future’. And the theme that 
science and technology must expect to be iftcreasingly 
circumscribed by politicians, the courts and public opinion 


+ 
was widely taken up. 

it is not only the recombinant DNA question which has 
aroused some n@w concerns. The legal position of those 
working on earthquake prediction is likely to be que8tioned 
before long in the courts. The recent Teton Dam disaster 
in Idaho, subject of an excellent documentary shown, co- 
incidentally, on television during the conference, ® raises 


further questions of how much resporsibility the scientist 


can bear for 2 project that fails. But the most striking 
example at present was on the AAAS’s doorstep in Colorado 
—-weather modification. The western United States is in. the 





* 


grips of a drought and there is little snow on the mountains 


to provide relief this spriwg. The Denver Hilton was doing 


its bit, it announced, by not providing iced water for 
customers in its *restaurants unles$ they specifically asked 
for it. A golden opportunity for rain-makers to show their 
simple yet still highly debated skills. One such person boldly 
distributed His advertisements around the conference, ‘for 
rain in only 6 days, anywhere, call . ` But things are 
becoming less simple. A whole day was devoted do a 


scientists/lawyers meeting on the law of weather modifica- ® 


tion, and the very same day the newspapers announced that . 


if Washington state starts cloud-seeding, its neighbour, 
idaho, will go to law to stop it. 


There is little doubt that the law in the United Statey © ) 


contains many as yet unexplored pitfalls for the scientis# 


There is a crucial distinction between speech and action in = 


the constitution, which projects (in the most lurid example) = 


the man who curses the flag but not the man who burns it. 
Likewise scientists seem to have the right to write, say and 


publish fairly freely, but what they do has no similar | 


- 


protection. The opposition to scientists is bound to grow— ` 
University of Colorado, . 
‘| had a fairly competent ` 
position in science and felt impotent to do anything about — 


one honoured alumna of the 
Boulder, told the local newspaper, 


the directions it was taking. As an attorney, I have a much 
better shot at controlling what they're doing than I had on 
the inside’. SGientists had better start facing these questions 
not, one hopes, from a guild mentality, nor from the 
exaggerated stance heard at the conference that all science 
is being threatened, but simply because a good werking 
relationship with lawyers is going to be necessary for science 
to flourish in the future. 

Several people commented* almest nostalgically that | 
AAAS had been the quietest for years. No tomatoes * 
thrown, no bitte squabbling, no police being called. in. 
These days the police have been replaced by lawyers. E 


+ + 











Teading for harmony? 


The debate prompted by genetic manipulation 


° \ . a 


developments is intensifying in Europe. Chris Sherwell reports 


N PARIS on Tuesday a committee 
4Avpathered quietly for its routine 
monthly meeting to discuss researth 
involving genetic manipulation using 
recombinant DNA technology. In 
Brussels last Thursday another com- 
mittee lodged deep in the labyrinth 
of the European Commission of the 
EEC met te discuss the same subject. 
On Thursday of this week Britain’s 
equivalent body gathers for its own 
regular monthly sessioh. Within the 
next week a commission on genetic 
manipulation in the Netherlands is 
expected to report its long-awaited 
findings. And on 15 March a new and 
potentially crucial group within the 
European Science Foundation (ESF) 
convenes its first meeting in Strasbourg. 

Plainly, the pace of developments 
relating to recombinant DNA research 
in Eyrope has quickened. The debate 
is now consuming the time of govern- 
ment officials, science administrators 
and molecular biologists in at least 
nine different countries and noe less 
than five internaffonal organisations. 
indeed, the aforementioned meetings 
are but the tip of an enormous iceberg, 
and if activity is symptomatic of de- 
cisiveness, the energy now being spent 
discussing the subject ought inevitably 
to produce results. dor those re- 
searchers actually wanting to do the 
work, however, it has meant long 
periods of delay, uncertainty and con- 
fusion. 

The debate itself stems from the 
development over three years ago of 
elegant new genetic engineering tech- 
niques, the implications of which 
prompted widespread concern. This 
spawned the growth of guidelines, 
specifying conditions’ under which 
various types of experiment using the 
techniques should be done, and the 
growth of committees to administer 
them. The result is that the issue has 
spread well beyond the bounds of the 
research community immediately in- 
volved. 

In the United States for example, 
where the pace has been hottest, the 
debates freest and public involvement 
greatest, the National Institutes of 
Health (NIH) finally published a com- 
plex set of guidelines last June. Failure 
to broaden these voluntary controls 
now fhreatens legislation to make them 
stick (see box), a development which 
could complicate the European debate. 

So far the European debate has 


' proceedggd unsensationally, mo&tly at 


the national level; progress is varied. 
International discussions have gone 


è @opix 


quietly ahead, beth informally among 
individuals and formally through those 
bodies which have perceived a role for 
themselves. The chances of them 
continuing without rancour could 
diminish. however, particularly if 
national differences emerge strongly 
in certain international forums. 


Country catalogue 

Most European countries have in fact 
trodden broadly similar paths. The 
examples of the United States and 
Britain have been important, the latter 
adding a new ewdrd to “the «English 
vocabylary: ‘geemag. The Genetic 
Manipulation Advisory Group 
(GMAG) was established in Britain last 
year following recommendations from 
the Williams working party on genetic 


e manipulation. ° 


Precautions contained in the 
Williams guidelines, like those in the 
NIH guidelines, involve both physical 
and biological containment. The stand- 
ards of physical containment are more 
grict under Williams, however, while 
biological containment receives greater 
emphasis in the NIH guidelines. Among 
other differences, the NTH eguidelines 
provide an extensive list Of experiments 
and appropriate containment measures; 


e under Williams GMAG decides matters 


ease by case. GMAG itself had early 
problems over trade union representa- 
tion, but later began business. and by 
this week was meeting again (see box). 
At least eight other countries in 
Europe have sought to involve them- 
selves in the same sort of process. 


France, In France two committees are 
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Physical containynent at Portan 
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directly involved. * One, called an 
‘ethics committee’ and having ufider 10 
members, mee spasmodically to dis- 
cuss the whole subject of genetic mani- 
pulation. The other, known as the 
Comission de Controle, was set up in 
1975 under the auspices of France’s 
main research body, the Delegation 
Générale de la Recherche Scientifique 
et Technique (DGRST). It has a mem- 


bership of about a dozen. most of 
them with | interests "in recombinant 
DNA and related research. Industry 


and trade unions are not directly in- 
volved, though this could change; both 
are evidently prepared to abide by the 
Commission line. 

The Consmission meets regularly 
once a month to assess the conditions 
under which experiments in ePrance 
are to be performed. It began by using 
the Asilomar guidelines, the product 
of the Asilomar conference in 
California in 1975, and subsequently 
used the NIH guidelines. More recently 
it has used both the Williams and NIH 
guidelines. 

Over a period of some [8 months it 
haf considered some 50 applications. 
Less than 10% have involved the more 
stringent containment conditions 
equivalent to the P3 and P4 categories 
of the NIH guidelines. The number of 
facilities in France which could now 
provide such containment is no more 
than a couple, and those would prob- 
ably be at the P3 level. 


Germany. The more fretful search for 
eWest German guidelines has produced 
four drafts, the latest of which w&s due 
to be distributed by the end of 
February, with,the hope of producing 
a final draft by*the spring. The govern- 
ment department involved, the Ministry 
of Research and Technology (BMFT), 
took oves after a somewhat unsuccess- 
ful start under the German Research 
Council (DFG) using NTH guidelines. 
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The new national guidelines are ex- 
pected?’ to follow much the same lines 
as the NIH and Willmms precedents. 
There will probably be an equivalent 
to Britains GMAG with mixed re- 
presentation. Guidelines will be yolun- 
tary, and it is hoped that industry, for 
the inclusion of which there are ap- 
parently no immediate plans, will follow 
them. There are no national P4 facili- 
ties in Germany, and few that would 
qualify as P3 f&cilities. 


Switzerland. The Swiss Academy of 
Medical Sciences created a standing 
committee known as the Commission 
on Experimental Genetics. Headed by 
Werner Arber, Professor of Micro- 
biology at the University of Basel, it 
has aemembership of about a dozen, 
consisting of experts in the field and 
government officials from the health 
and science and technology ministries. 
Industry is ostensibly as keen as the 
universities to see controls implemented, 
and is represented on the Commission. 

The Commission decided recently to 
follow the NIH guidelines, but this 
could still change in the future. It Shas 
been agreed with government agencies 
that no legislation is necessary. Re- 
searchers applying to the Swiss grant- 
giving body (Suisse National Fonds, 
SNF) and supplying relevant details 
would go before the Commission only 
when the SNF is unhappy; but they 
will probably be invited to register 
their work. 


Sweden. An Il-man “committee cone 
cerning research with recombinant 
DNA” was set up last spring under the 
auspices of the Natugal Science Re- 
search Council (NFR), the Medical 
Research Council (MFR) and the 
Swedish Cancer Society (RmC). Its 
chairman, Professor Peters Reichard 
of the Karolinska fnstitute, is the ap- 
pointee on the committee of the NFR, 
which also appoints two lay representa- 
tives-—-in this case two MPs. The MFR, 
RmC, the Council for Forestry and 
Agricultural Research, the Board of 
Health and Welfare and the Associa- 
tion for the Pharmaceutical Industry 
each appoint one member; one mem- 
ber jointly represents the Academy of 
Sciences and the Academy of Engineer- 
ing Sciences, another jointly represents 
the National Defence Research Insti- 
tute and the Board for Technical 
Development: the Central Organisation 
for Salaried Employees appoints a 
representative for technical staff. 

The committee will help granting 
agencies and government authorities to 
determine safety conditions for the 
experiments which they fund, and will 
probably work in the private Sector as 
well. The committee will afso advise 
researchers over safety precautions and 
help in risk classification, for which a 
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working group has just been appojnted. 


Researchers will be expected to submit 
national « 


experimental prototols to 
‘advisory committees, which are respon? 
sible for specifying the containment 
measures, The containment procedures 
proposed are those of Williams, but 
experiments prohibitéd under the NIH 
guidelines, át is suggested, should not be 
carried out. Local safety committees 
would be responsible for supervising the 
measures” 

So far the committee has received no 
applications and no recombinant DNA 
work is proceeding. The only group in 
Sweden which has worked in the field is 
at Uppsala under Professor Lennart 
Philipson, the MFR’s appointee on the 
committee. His work is in abeyance, 
and he has vet to submit an application. 
The group has appliedgto have two new 
P3 laboratories built, but finance for 
these 1s not yet assured, 


Denmark. Denmark ha% two commit- 
tees. One, headed by Dr Kjeld Marcker 
from Aarhus, is an ad hoc committee 
established by the country’s research 
council. It is examining work being 
done in Denmark and hopes to decide 
by the summer whether there ought to 
be a special research programme. The 
other is a Committee of Registratign 
with 10 members representing research 
counciJs and industry but not trade 
unions. }ts* concern is with safety 
aspects, and if has been operating only 
a few months. The precise course it 


follows depends on the outcome of the. 


first committee’s work. 
+ 

Holland. In January of last year, after 
consult&tion between the Royal Dutch 
Academy of Science and the National 
Health Council on the one hand, and 
the Ministry of Education and Science 
and the Ministry of Health on the 
other, a “Commission on Genetic 
Manipulation” was formed consisting 
of experts in the field and chaired by 
Professor Bootsma of Erasmus Univer- 
sity, Rotterdam. 

Its task was to compile an inventory 
of recombinant DNA research being 
done in the country and to advise 
laboratories on safeguards and the 
iuthorities on controls. The commis- 
sion is expected to report its findings 
within the next two weeks, but there 
are differences of view about whether 
these should actually be published. The 
Dutch began by opting for the NIH 
guidelines but then switched to the 
Williams guidelines: now, however, it 
seems possible that national guidelines 
will be proposed which are more strict 
than either. 

So far industry has not shown any 
public interest in the guidelines. Appli- 


cations have come for six projects, ¢ 


from four pniversities. Three have 
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Legislation for US? 
d 

Legislation to control recombinant 
ÐNA'researdh ip the United States, a 
prospect Which clearly concerns many 
scientists, is now considered inevitable. 
Bills have already been introduced into. 
Congress, and*in the next few weeks a 
committee consisting of officials from 
ù number of federal agencies is ex- 
pected to draft legislation to be sub- 
mitted to Congress with the backing of 
the Carter Administration. 

The Administration is reluctantly 
being pushed into drafting its own bill 

* because if it doesn’t, it will invite the 
prospect of harsher legislajion and in- 
consistent local cogtrols on recombinant 
DNA research. At present, the only 
formal controls on recombinant DNA 
research in the United States are guide- 
lines issued last June by the National. 
Institutes of Health (NIH), but they. 
apply only to research supported by the 
federal government, and they are ‘not 
backed by any enforcement or moni- 
toring mechanism. Industry is not 
bound by any regulations. 

Those apparent weaknesses in the 
present approach have prompted several 
state and local governments to consider 
adopting their own regulations on re- 
combinant DNA research, and the fact 
that industrial research is not regyJated 
at all has caused considerable public 
concern. Consequently, an inter-agency 
committee was established late last year 
under the chairmanship of NIH 
Director Donald Fredrickson to ex- 
amine ways to ext@nd the NIH guide- 
lines to cover all recombinant DNA 
research in the United States. The com- 
mittee has tentatively decided that no 
existing federal law can be used to ex- 
tend and enforce the guidelines, and 
that mew legislation is required. 

That tentative conclusion was con- 
veved by Fredrickson last week to a 
group of prominent scientists and uni- 
versity administrators which met at 
NIH. Though Fredrickson repeatedly 
noted that no decision has been reached 
on the substance of the Administra- 
tion’s bill, it would almost certainly be 
designed simply to turn the NIH guéde- 
lines into enforceable regulations. It is 
also likely to include a clause pre- 
empting state and local regulations in 
an effort to ensure that regulations are 
uniform throughout the United States. 
It is not clear which agencs sould do 
the enforcing—clearly NIH wouldn't 
want to be in the position of support- 
ing and regulating the research—but 
the likelihood is that the Center for 
Disease Control would be given the 
responsibility. | 

Colin Norman 


come from the University of Amster- 
dam, and one from the Free University 


of *Amsterdam, the University of 
Leiden and the University of 
Groningen. 

Israel. A committee of the Israel 


Academy of Sciences and Humanities, 
chaired by Professor Leo Sachs of the 
Weizmann Institute, has recommended 
the establishment of a national safety 
comnfittee for recombinant DNA 
research and of special safety commit- 
tees at universities and research centres. 


° 
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The local committees would recom- 
mend appropfiate safety precautions 


for every research preposal and then» 


pass the matter to the gational body, 
which has the final word. ° i 

The Academy decided that Israeli 
researchers would in general follow the 
NIH guidelines but would take into 


consideration recommendations from 
other bodies. 5 
international catalogue 

For Europe’s researchers, worry as 


well as confusion is the product of 
the grəwing involvement of an increas- 
ing number of infernational bodies. 
But the important issue—whether or 
not there should be harmonisation of 
guidelines-——already seems settled. There 
were benefits in allowing each country 
to follow its own path and arrive at Hs 
own conclusions, but different pre- 
cautions in different countries 
threatened to*%encourage a concentra- 
tion of researchers, so harmonisation 
looked preferable. 

Moreover, with the subject a matter 
for public debate, there was the pos- 
sibility that if one country applied more 
stringent controls than another, , the 
difference itself could become an issue. 
Harnfonisation could pose probjems, 

@ 


Britain’s GMAG gets going woe 


Britain's Genetic Manipulation Advisory 
Group (GMAG) has already given out- 
line approval to more than half a dozen 
experiments, including one that requires 
the highest level of containment. For the 
present, however, the onfy place where 
such an experiment can be carried out is 
Porton, a Ministry of Defence establish- 
ment whose future is under scrutiny. 

*“GMAG meets monthly to consider 
proposals for genetic manipulation experi- 
ments which, while awaiting a legal 
definition. are taken to refer to those in 
which restriction enzyme fragments of 
nucleic acids are recombined with the 
genomes of other organisms in which 
thev are capable of propagation. GMAG’s 
chairman is Sir Gordon Wolstenholme; 
it has 19 members. of whom only three 
have a direct interest in recombinant 
DNA research. Most of the others are 
biological scientists. but there are four 
union representatives and two non- 
scientific academics, 

It is GMAG’s task to consider anv 
proposals and to state its objections. if 
any. Proposals (25 capfes) are submitted 
on a formidable form on which full 
details of the protocol, personne? and 
facilities have to be provided along with 
information regarding local safety com- 
mittees, biological safety officers. medical 
officers and health monitoring schemes. 
Proposed experiments fall into four 
categories, depending on the associated 
hav@rds. It is up to the proposers to 
ecategorise their own experiments but up 
to GMAG to ascertain whether the rele- 
vant requirements are satiséied. 

In the case of thë two categosies GH 
and W) that represent the greatest 


hazards, GMAG has to carry out a site $ 


* 


+ 
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though, if US researchers are faced, 


with legally enforced regulations and 
there is public pressure for similar 
‘regulations in Europe. Creating a 
disinterested peer group competent to 
judge colleagues’ work could be difi- 
cult) enough without the added af 
necessary) complication of drafting 
and enforcing legislation. « 

The case for harmonisation does not, 
however, solve the problem of which 
body has the authority to “encourage 
the move towards it. A look at the 
organisations involved reveals the diffi- 
culty. 


The 
(WHO). 


World Health Organisation 
The WHO has two bodies 
actively involved, the WHO Special 
Programme on Safety Measures in 
Microbiology and the WHO Environ- 
mental Progranfme. Being global and 
not ca@nfined to Europe, and concerned 
with the public health and safety as- 
pects of the research, the WHO 
interest is peripheral as yet, although it 
has begun consultations, with, | for 
ecxample, Professor S. W. Glover, 
chairman of the International Micro- 
bial Genetics Commission, which has a 
genetic engineering sub-group. 


The International Council of Scientific 


inspection of the facilities. This thev 
have alreadv done for the category TH 


e facility at the MRC Mammalian Genome 


Unit in Edinburgh. Professor Peter 
Walker of that unit expresses leimself 
well satisied with the visit and its out- 
come which, pending attention to a few 
minor problems, should give him the first 
approved category IH facility in Britain. 
Site visits have also been requested for a 


proposed category If laboratory at 
Imperial College and for the Micro- 
biological Research Establishment at 


Porton. It is on Porton that British short- 
term hopes for a category IV facility 
hang--though for now on some rather 
delicate strings. Portan is the property 
of the Ministry of Defence and has been 
the laboratory in which much of Britain's 
microbiological warfare research has 
been carried out. As such it has long been 
unloved by many academics. Now it is 
also unloved by the Ministry, which 
recently announced that it no longer has 
a use for the microbiological laboratories. 
Since December their future has beers 
uncertain and is now the subject of a 
confidential report prepared by the 
Central Policy Review Staff for the 
Cabinet (see Britain, page 9). A decision 


There are bound to be problems if the 
decision leaves the laboratorieseunder the 
control of the Ministry of Defence. If 
that happened. it is known that a faction 
of GMAG, led by some of the trade 
union representatives, would be strongly 
opposed to the use of Porton’s facilities 
for civil genetic manipulation. That could 
prevent the go-ahead of anv category IV 
experiments, including the one that has 
already been given outline approval. 
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Unions (ICSU), ICSU has recently 
created a sub-committee kn&wn as 
COGENE, hedded bẹ the US micro- 
biologist Bill Whelan. Its first official 
meeting is in Paris at the end of May. 
Becawse it too is part of a global 
agency, and because it represents inter- 
national commissions in various dis- 
ciplines more than ,national councils, 
ICSU can acquire an important role 
outside North America and Western 
Europe. z 

It can, for example, involve the East 
European countries and also the USSR, 
which is apparently keen to participate 
in the research under agreed guide- 
lines-—the USSR has a committee under 
Professor Bayev which hopes to pro- 
duce its own guidelines by the middle 
of the year. ICSU can also “involve 
important Third World countries, such 
as India and Nigeria, which cannot be 
prevented from pursuing the research 
but which might participate in any 
programme organised by ICSU on their 
behalf to help ensure that they take the 
necessary precautions. 


s 
The European Molecular Biology 
Organisation (EMBO). EMBO is based 
at Heidelberg, where a P4 facility for 
international use is under construction. 


until an alternative category IV labora- 
tory could be found. At the moment 
mone are planned but it would not be 
too far-fetched to suppose that the fro- 
posed category HI facility currently being 
completed at the Beatson Institute, 
Glasgow, could ke upgraded if required. 

It is Scottish laboratories that have so 
far taken the lead In applving to GMAG, 
with their English counterparts being 
distinctly slow off the mark. Of the ex- 
pected initil batch gf 40-50 applications 
less than IS had reached GMAG by its 
third meeting last month and at least 
eight of those were from north of the 
border, mainly from Professor Walker's 
laboratory. 

GMAG has in fact expressed surprise 
at the paucity of applications and has 
reminded those concerned that they 
would be foolish not to present their 
proposals to the group. At present 
application to GMAG is voluntary 
although the UK Health and Safety 
Commission (HSC) is redrafting its con- 
troversial regulations that would make 


notification compulsory, The original 
proposals were strongly criticised for 


being far too wide-ranging. especially as 
existing health and safety regulations 
already cover the laboratory hazards of 


genetic manipulation in the general 
sense. 
The Research Councils have them- 


selves warned of their intention of with- 
drawing funding of any rogue manipu- 
lators. Only industrv would therefore be 
immune from financial sanctions, but the 
two mosf interested pharmaceutical com- 
panies havg already made their intentions 
clear by submitting proposals to GMAG. 

Peter Newmark 
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It was the first international European 
body to become involved in guidelines 
for recombinant DNA research, ‘and 
has a Standing Advisory Committee on 
Recombinant DNA chaired by Pro- 
fessor Charles Weissmann. This Was set 
up in January 1976 and held its first 
meeting in London the following 
month to discuss whether it was 
worth elaborating guidelines, other 
than those avajlable, for Europe as a 
whole. e 

At its second meeting, in London 
last September, the committee com- 
pared the NIH and Williams guide- 
lines. It suggested the establishment 
of national advisory groups to specify 
containment measures for each experi- 
ment on the basis of a detailed proto- 
col submitted to it. The committee 
specifically recommended against the 
idea of using some combination of the 
procedures from the two sets of guide- 
lines. And it advised that experiments 
forbidden under the NIH guidelines 
not be carried out. 


The 
(ESF). Established in November 1974, 
the ESF is made up of 45 national 
research councils and academies from 
18 European countries and aims to 
create a close-knit community of 
science and research in Europe. 
Sweden quickly suggested to the found- 
ing committee that it should consider 
the whole question of genetic manipula- 
tion, including its social, legal and 
ethical aspects. With the EMBO come 
mitt®e able only to provide advice on 
request, and then only about scientific 
and technical aspects, the ESF decided 
in October 1975 to "broaden a pre- 
paratory working party into an ad hoc 
committee on Recombinant DNA 
which could propose threugh ESF 
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y é 
. members whether and what action 


should be taken at European level. 

The committee met three times i 
1976 under the chairmanship of Pro- 
fessor Povl! Riis of Denmark; members 
included molecular biologists, physic- 
ians and lawyers. ¿Their brief was 
broad, and they concluded that the 
recommendations and code of practice 
of the Williams report should be 
adopted gs the guidelines for recom- 
binant DNA research in Europe. They 
also recommended that national 
registries of research should be estab- 
lished and that laboratories should be 
legally obliged to declare their work to 
it; laboratories would adhere to agreed 
guidelines voluntarily, however, and 
supervision and monitoring would be a 
national responsibility. National varia- 
tions, eit suggested, should be mini- 
mised. A 

The ESF has now created a new 
committee made up of representatives 
of the geemags of its mêmbers with the 
aim of proposing guidelines for Europe. 
Thfs European Committee on Recom; 
binant DNA will meet for the first time 
in Strasbourg on 15 March. It will note 
differences in the practices of various 
countries and consider prescribing 
measures for the future. 


o 
The European Commission. The Euro- 
pean Commission, which has a dual 
role in tae EEC of both initiating and 
implementing Community legislation, 
finally jumped into the fray in January. 
Spotting the opportunity provided by 4 
potential need for Community-wide 
legislI€tion and harmonisation, Direc- 
torate General XH (Research, Scjence 
and Education), headed by Dr Gunter 
Schuster, called geemag heads to 
Brussels on 21 January for “informal 
consultations”. This offended some 


From Carter via Ford 


Colin Norman reports from Washington 
on President Carter's proposed budget 
changes 


AFTER three weeks of frantically sifting 
through the massive set of budget 
proposals which President Ford left 
behind, President Carter last week sent 
Congress a raft of major and minor 
amendments. Designed to implement 
some of Carters more prominent 
election promises and political 
priorities, the proposed budget revisions 
would undo some of thg Ford 
Administration’s parsimony toward 
health, welfare and houSing pro- 
grammes and add about $19,400 million 
to previous estimates of government 


spending in the 1978 fiscal year (which 
begins on 1 October, 1977). 
As far as science and technology are 


concerned, the only areas which 
efigured prominently in campaign 
rhetoric were energy and = military 


research and development, and conse- 
quently they are the only areas greatly 
affected by Carter’s proposed budget 
revisions. Outside those two fields, 
Carter has proposed a small addition 
to Ford’s budget for NASA for studies 
of possible follow-up missions to the 
Mars Viking Lander project, and a 
$5 million increase in the budget of 
National Institutes of Health (NTH) for 
research on childhood diseases. Other- 
wise, *the relatively large 
increases for basic researgh, earthquake 


budget $ 


sensibilities, not least because Dr 
Schuster was seeing members of the 
new ESF contmittee on which he is 
hamself "the EEC’s representative. 


The Cofnmission is apparently con- 
templating a directive, the device by 
which it can gequest member states to 
modify and harmonise their legislation: — 
Pn the case of recombinant DNA. 





eresearch this might involve asking the ` 


Nine to ensure that they take the same k 
but not interfering with > 
the operations of individual geemags. >` 


precautions, 


At the January meeting there was no 
stern objection to the idem, pr@vidéd a 
directive was not too especific or 
detailed. 


The worry {s not chiefly about Com- 


mission interference, although © 


it possesses 


private sector a common framework. 
The worry for the moment is related 
more to the style and timing of the 
Commission’s involvement, which could 
be self-defeating if it breeds resentment 
among researchers. 

The outcome of the January mecting 


‘its 
record in science is less adequate that: 
it might be. Most people recognisé that 
the authority both to ~ 
hasten the necessary harmonisation and Bee 
to incorporate research done in the 


was presented last week at a meeting - 


in Brussels of th® Medical Research 
Committee, a sub-committee. of 
CREST, 


and Technical Research Committee. 


According to the office of the director x 


of the biology programme, the meeting 


the Commission’s Scientific — 


reached no firm conclusions and is due. ` 


to meet again only in June. That may 
mean that EEC  inviovement. 


will. 


remain peripheral for a while yet. If so, 


the immediate burden of recommend- a 
ing a path for recombinant DNA 5 
research in Europe now lies with the 


ESP. 










prediction and agricultural researc 


proposed by President Ford have been 


left untouched. ae 

The proposed revisions to the buds p 
for energy research and develo 
are another matter. Acting © 
advice of James Schlesinger, 


energy adviser, Carter has scaled ‘down. - 
Ford’s budget proposals for three: long o 


term energy programmes—the breeder | 


+ 
reactor, 


towards efforts likely to produce short- 
term results. The proposals signal a 
major shift in priorities and indicate 
that the new Administration is pre- 
pared to play a more aggressive role 
than its predecessor in pushing new 
techndlogies, such as solar hgaters and 
electrically powered automobiles, into 
the market-place. The bħdget pro- 


+ 
+ 


development of large solar > 
power plants and thermonuclear fusion a 
—-and redirected some of the funds | 


cress r eport 
now virtually, certain tbat 
President Carter will name *Frank 
Press, a distinguished geophysicist 
from the Massachusetts Instifute of 
Technology, as his science adviser and 
head of the White House Office of 
Science and Technology Policy 
(OSTP). Though no official announce- 
‘ment had been made by the end of 
last week, Press was already at work 
in the White House, helping to seleét 
cindylates for other top science posts 
in the federal government and attend- 
ing meetings of Carter’s senior 
advisers. Administration sources in- 
dicated that a formal announcement 
was imminent. 

dhe appointment of Press, which 
was first rumoured a couple of weeks 
ago, is something of a surprise. 
Although he is no stranger to the 
Washington science policy network, 
he is not generally regarded as part 
of the inner circle of the scientific 
establishment. It was, in fact, widely 
exp@cted that the job would go to 
Lewis Branscomb, head of research 
at International Business Maclfines 
(IBkt), who coordinated a science 
policy task forcę for Carter dtiring 
the campaign. It has been suggested, 
however, that Branscomb was ruled 
out because several people with IBM 
connections had already been ap- 
pointed to top posts in the Carter 
Administration, a fact which has 
attracted some critici¢m. 

Press was recommended to Carter 
by a number of prominent scientists, 
particularly Defense Secretary Harold 


ip is 





posais. moreover, are only a foretaste 
of a comprehensive energy policy which 
Carter has promised to unveil in mid- 
April. ý 

The budget revisions suggest that 
he besieged liquid metal fast breeder 
reactor (LMFBR> programme is in 
deep trouble, Carter has recommended 


that nearly $200 million should be 
taken out of Ford's budget request for 
the LMFBR effort next year, a 
reduction which would still leave 
$656 million in the programme, but 
which would cut spending to below 
this year’s level. A statement fub- 
lished last week by the Energy Research 
and Development Administration 


(ERDA) which is shid to have been 
drafted by Schlesinger. announced 
that the entire LMFBR programme 
will be subjected to an intensive review, 
to “assess the role of LMFBRs in the 
nation’s energy future. the iming and 
pace of the breeder ‘programmes and 


> 4 + - x "a etme, ld N 
the timing of any decision on whether eStates. Construction of 
Oss ; 

River plant was scheduled to begin 
+ 


kd + 
the breeder would be a viable energy 
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*Brown and Jerome Wiesner, Presi- 
dent of MIT, and his appointment has 
generally been greeted with warm 
approval in the scientific community. 
An outstanding” scientist, he was 
elected a member of the National 
Academy of Sciences at the age of 33, 
He was Professor of Geophysics at 
Caltech from 1955 to 1965 and 
Director of the Seismological Labora- 
tory for much of that time. Since 
1965 he has been Chairman of the 
Department of Earth and Planetary 
Sciences at MIT. 

Among his credentials for the 
science adviser post is his wide experi- 
ence In the science and politics of test 
ban negotiations, He hase long been 
interested in the problem of identify- 
ing the seismic waves from under- 
ground nuclear explosions and dis- 
criminating them from signals from 
earthquakes. He was a United States 
delegate to the test ban conference in 

eGeneva in 1960-62. which paved the 
way for the partial Test Ban Treaty in 
1963, and he has been a consultant to 
the Arms Control and Disarmament 
Association. In 1968 he was a member 
of the international working party 
wonvened by the Stockholm Inter- 
national Peace Research Institute 
which reopened the question of *moni- 
toring underground Weapohs tests. 

Since Carter has frequently promised 
to see a comprehensive test ban agree- 

ement with the Soviet Union, Press's 
experience in such matters is said to 
have been a strong point in his favour. 

(ther relevant Washington gxperi- 


option”. 
The 
later in 


implications are made clear 


the statement: 


The President's energy priorities, as re- 
flected in the revision of ERDA’s (fiscal 
year) [978 budget request. stress conser- 
vation and nearer-term supply technolo- 
giles. These priorities suggest that past 
plans for expansion of the LMFBR_ pro- 
gram may no longer be viable. Further- 
more, serious questions have been raised 
about the LMFBR technology and the 


structure of the current LMFBR progranye 


The energy potential of this option must 
be weighed against the safety questions 
associated with the LMEFBR and the dan- 


gers oof nuclear proliferation from 
plutonium reprocessing needed bv 
LME BRs. 


+ 

In particular. the review will focus 
on ERDA’s plans to build a demonstra- 
tion fast breeder reactor on the Clinch 
River in Tennessee, a project which 
represents the next major step in the 
LMPBR programme in the United 
the eClinch 
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ence includes a stint on the President's 
Science Advisory Committee (PSAC) 
from 6961 to 1964. and membership 
of the National Science Foundation, 
from 1970 to 1976. He is also Chair- 
man of the Nationgl Academy of 


Sciences’ Committee on Scholarly 
Communication with the People’s 


Republic of (hina, and has travelled 
extensively in China in recent years, 
Even though Press’s administrative 
burden has grown heavier every year, 
he has continued to make major and 
distinguished contributions to geo- 
physics. His e&rly work was concerned 
with seismic wave propagation in the 
earths crust and upper mantle» and 
this eventually resulted in a book 
Elastic Waves in Layered Media in 
collaboration with M. Ewing and W. 
Jardetzky. The book had a great in- 
fluence on the emerging science of 
seismology. In the 1960s his interests 
turned to lunar seismology and he was 
a member of the Apollo team that 
discOvered moonquakes, In the same 
period he was also encouraging early 
US research tn earthquake prediction 
as Chairman of the Earthquake Pre- 
diction Panel of the Office of Science 
and Technology. In the late 1960s he 
started to work on the problem of 
inversion of earth data by Monte 
Carlo methods, and more recently his 
research has included study of the 
excitation of the Chandler Wobble by 
@irthquakes, In 1974 he published, 
with R. Siever. a major geology / 

geophysics text Earth. 
` Colin Norman 





later this. year, but it will now be 
delayed pending the outcome of the 
review. Consequently, Carter has sug- 
gested that $585 million be cut from 
Pord’s request for that project alone. 
No date has been set for completing 
the review. but it is unlikely that a 
final decision will be ready in time for 
inclusion in the energy policy which 
Carter will unveil in April. 

As for solar energy research and 
development. again, long-term efforts 
are being cut back to allow more funds 
to be channelled into programmes 
likely to produce more immediate 
results. Accordingly. Carter has scaled 
down Ford’s budget proposal for con- 
struction of a pilot-scale solar thermal 
generating plant. and recommended 
that the savings be used chiefly to 
underwrite the costs of producing and 
testing some 1.300 solar heaters. 

The pilot plant project which Carter 
wants to @ut was only given a go-ahead 
by the Ford Administration on 7 
January. H would entail construction 


ld 








bank of mirrors concentrating 
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of a I1OMW generating plant in the 
Mojave Desert in California; the 
plant would esSentialfy consist of a 
the 
sun’s rays Onto a Steam generator atop 
a tower. The project, the costs of 
which would be shared with electric 
utilities and government bodies in 
California, was scheduled for com- 
pletion in 1980 or 1981. Ford had 
requested $65 million for the project 
next year, but Carter ,has recom- 
mended that the budget be reduced 
to $10 million. The original plan was 
to follow the California plant with 
another pilot plant a couple of years 
later, leading eventually to a 
commercial-scale plant "in the late 
1990s. No decision has yet been made 
on hoW far the project will be stretched 
out under Carter’s energy policies. 
Carter’s proposal that more funds be 
pumped into the production and testing 
of solar heaters represents a marked 
change from the policies of the Nixon 
and Ford Administrations. In 1974, 
Congress passed a bill to provide 
federal support for up-to 5,000 splar 
heaters to be. installed in public and 
private buildings and tested over a five- 
year period. The idea was to stimulate 
the growth of a solar heating industry, 


but the Ford Administration was 
opposed to the principle that the 
federal government should be so 


directly involved in the market-place. 
and the legislation consequently was 
implemented in a relatively half-hearted 
manner. Carter clearly shares Con, 
gres#s view that federal support is 
needed to commercialise new energy 
technologies, 

Similar views shows” up in Carter’s 
proposals for energy conservation, He 
has doubled Ford’s budget request for 
research and development pn energy- 
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SEVESO 
Dioxin damage 





Alastair Hay reports on recent develop- 


ments in Séveso and a possible link 
connecting dioxin with birth defects. 





OrriciaL confirmation has now come 
that at least two of the women who 
were exposed to tetrachlorodibenzo-p- 
dioxin (dioxin) at Séveso last year have 
given birth to children with malforma- 
tions. But the director of health for the 
Lombardy region. Dr Vittoria Rivolta, 
is quoted as saying that it is “not yet 
possible to link the deformations with 
dioxin contamination”. The dioxin was 
present in the discharge from a tri- 
chlorophenol reactor which overheated 
at the ICMESA chemical plant on 
July 10, 








"a 


* e, 
saving systems recommending that a 


` total of $318 million be spent next 


„year. Much of the* proposed increase 
“would be devoted to programme’ 
designed to increase the efficiency with 
which energy is used in industry, 
buildings and transport, but $40 million 
would also be spent dn a programme to 
provide federal subsidies for the pro- 
duction and testing of electrically 
powered vehicles. Again, that is an 
effort wĦich Ford had argued should 
be the responsibility of private industry 
rather than of the federal government, 

As for the fusion programme, 
Carter has recommended that $60 
million be docked from Ford’s request 
for research on magnetic confinement, 
leaving $311 million in the programme. 
He also suggested that Ford’s request 
for laser fusion studieg be reduced from 


$142 to $122 million. Again, the 
pattern is to decrease support for 


long-term programmes, but to allow 
nearer-term efforts to proceed. Thus, 
the Tokamak Fusion Test Reactor 
(TRTR), a major facility being built at 
Princeton University, will be allowed 
to go ahead, but the completion date 
would slip by about 6 months, to mid- 
1981. Similarly, a large magnetic 
mirror machine planned for the 
Lawrence Livermore Laboratory would 
suffer a $10 million cut, but it would 
also he allowed to proceed with only 
a minor glip jn schedule. 

As far as*the addition to NASA’s 
budget is concerned, the Carter 
Administration has unexpectedly 
recommended that $15 million be spenf 
next eyear on studies of potential 
missions to Mars as a follow-up to the 
succesful Viking project: Ford® had 
recommended only $5 million for such 
efforts. Several candidate missions are 
under consideration, ranging from 


The first abnormality to be observed 
was a slight intestinal obstruction In an 
infant born on 10 January. The mother 
had apparently eaten garden produce 
ewhich was heavily contaminated with 
"Gioxin. The second case—a “small 
genital deformation’’—was reported on 
7 February. But the mother was 
resident in an area not officially con- 
sidered to be contaminated by, the 
chemical 

According to Dr Rivolta both infants 
underwent successful surgery shortly 
after birth. He added that, in view of 
the known teratogenic properties of 
dioxin, the Lombardy regional health 
department was keeping “a record of 


all children who are born with de-e 
formations from mothers who were in° 
= 


Keystone 





Energy man: James Schlesinger 


refurbishing the back-up Viking space- 
craft, which was held in reserve in 
case the original Viking mission failed, 
and launching it in 1984, to construc- 
tion of a new spacecraft to return 
samples of Martian soil to Earth. The 
more ambitious missions would prob- 
ably not be launched until 1988. In 
any case, planetary scientisfs . are 
encouraged by Carter’s modest budget 
addition, seeing it as an expression of ™ 
Presidential interest in the * space 
programme. ° 

The only other budgetary change of 
note is the fact that Carter has added 


only $5 million to the budget of the € 


National Institutes of Health. Ford’s 
budget request for NIH was relatively 
parsimonious, providing an increase of 
only $40 million, which is insufficient 
to keep pace with inflation. Congress 
traditionally adds substantial increases 
for NIH, however. and the Carter 
Administration will probably not 
object if Congress carries one the 
tradition this year. 





the Séveso area at the time of jj ae 


explosion”. 


The developing human embryo is 


particularly susceptible to- teratogenic 
agents during the period. of organo- 
genesis when tissue and organ. differen- 
tiation occur. In Man this period 
generally occurs between gestation 
days 18-55. The children born on 10 
January and 7 February would: there- 
fort have been at a stage of foetal 
development beyond organogenesis. For 
that reason they might be considered to 
have been less su$ceptible to the terato- 
genic properties of dioxin, However, 
as one mammalian development 
scientist put it. “We don't kn8w the 
teratogenic mechanism of dioxin And 
we have np idea at which stage of its 
development a foetus ceases to be at, 
risk to this chemical’. | > 

School children in Séveso and its 
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e 
taminated than others, a detailed relief 
map of the area has been necessary and 
this has taken time te produce. 

Many residents of Séveso are angry 


neighbourhood are among, the latest contamination progranfme was, in fact, 
victims of chloracne, the skin complaint finally approved by parliament only 
which can appear as a result of contact. three weeks ago. The proposed plan of 


with dioxin. The number of, children action includes the incineration of veget 


affected is reported éo bee about 340. 


Most of them, it seems, have come into soil, which is to be removed to a depth = graded decontamination programme, ; 
contact with dioxin through contamina- of 25-35 cm. This operation should be with the result that the Lombardy 
tion of school buildings? Indeed, dioxin completed by August, when all the regional government now stands 
contamination of the buildings is cqn- topsoil will have been placed under accused of gross mismanagement in its 
sidered to be too serious to allow the canvas on a concrete base at a location handling of the whole affair. But the 
schools to remain open. Following near the ICMESA plant. The total outbreak of chloracne among Séveso 
protests from school teachers and material to be disposed of i$ estimated schoolchildren has resulted in the far 
parents the Lombardy authorities have to amount to about 70,000 tons. It will more serious charge being levelled that 
closed six schools in the Séeveso mune take three years to burn, in a high the local authority has minimised the 

cigality; they will remain closed until temperature incinerator which will it- dangers of contamination. 

the work of dioxin decontamination is self take a year to construct. The whole These accusations will now be sub- 
completed.* decontamination programme will, it is jects for consideration by the Parlia- 
The decontamination programme it- estimated, cost £13.5-15 million and mentary Commission, For the pregnant 
self has come in for much criticism in will eventually be paid for by Givaudan, women of Séveso, however, no inquiry 

Italy. Local residents are reported to be the Swiss company which owns the will relieve their anxiety. If a, link is 4 


incensed over the delay in cleaning the 
Séveso area and the Italian Parliament 
is concerned enough to consider 
appointing a gommission to investigate 


the cause of the delay, decontamination programme. With who will reach full term during the 
The Lombardy administration’s de- some areas considerably more con- next two months face a bleak future. 77 
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i ° sources of the Antarctic. A research 
Problem solver ship, the Professor Siedlecki, of the 
f Gdynia Maritime Fishing Institute, js 
© i , ; / SEAT cee ia v 
—— (én certain cases, notably integrated ®t present in the Antarctic carrying à 


Vera Rich reports on science policy in 
Poland following the visit to Britain of 
the Polish Science Minister. 


+ 
THE recent visit to Britain of the Polish 
Minister of Science, Hfgher Education 
and Technology, Professor Sylwester 
Kaliski, was essentially a matter of 
diplomatic routine. No major changes 


tation, dead animals and polluted top- 


ICMESA plant. | 

The variabilit! of dioxin contamina- 
tion Bas proved a major obstacle for 
the local authority in formulating its 


circuits and computers, response ts 
limited by the Co-Com, embargoes). 
Mast of these problem lie®largely in 
the field of technology: two, however, 
cancer and proteins, seem to fall within 
the sphere of research rather than 
application. : 

The inclusion of cancer in such a 
list®of problems is notable. Whereas 


that it has taken so long to devise a 


established between the recent infants 
born deformed and dioxin, the hundred- 
odd women who were in the first tri- 
mester of pregnancy on 10 July and 





out a “scientific reconnaisance”’ of krill. 
Last year, the Professor Siedlecki 
brought home krill specimens for in- 
vestigation by sixteen research insti- 
tutes in Poland for possible use for 
ehuman consumption or animal feed. 
This year’s expedition is testing 
methods of processing krill. The pros- 
pect of krill hagwesting on a commercial 
scale has been “causing concern among 


were expected in the existing pro- problems like mining technology or l l 
gramme of Polish-British scientific and computerisation of production seem ecologists in many countries, since 
technical cooperation and educational amenable to state planning with its krill stands at the head of so many 


exchanges, and the immediate practi- 
cal outcome amounted to little more 
than the agreement by both parties 


targets and schedules, there are no hints 
of a major Polish breakthrough in can- 
cer research that would make any com- 


food-chams. Questioned about this, 
Kaliski stated that at present the krill 
project was only at the investigation 


g such cooperatiog is of mutual parable set of targets more than a list Stage and “we cannot tell what its 
enefit, should be continued and, of desideration. Indeed, Poland does not future will be”. No ecological problems 


where possible, expanded. Nevertheless, 
the Ministerial visit served to highlight 
and provide an opportunity for discuss- 
ing several interesting aspects of 
current Polish policy. 

Professor Kaliski told Nature that. 
in addition to 65 “key” problems, 
Polish science policy incorporates seven 
“government problems” to be taa@kled 
at top-priority level: water resources, 
coal mining technology, electronics and 
-integrated circuits, * copper, building 
engineering, cancer, and proteins. Two 
“others, energy Gncluding atomic power 
engineering) and computerisation, are 
. + , , ‘ 
in preparation. In all these fields there 
are either already technglogical ex- 
change agreements bétween Britain and 
i - 

Poland or else approaches have been 
: > 3 
made by the Poles for such agreements 


* 
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seem to have been assigned a special 
role in the new Comecon oncological 
project, which hardly suggests a Polish 
lead in the field. The explanation may 
be one of national tradition: Mme 
Sklodowska-Curte, the discoverer of 
radium, was a Pole, and the very word 
radium, to Polish ears, is connected 
with two roots meaning respectively 
‘joy’ and ‘good counsel’, attributes 
associated in the popular imagination 
with the early hopes of radium as a 
specific weapon against cancer. 

In the field of protein resources, cur- 
rent plans envisage an increase in out- 
put of one million tonnes per year by 
1980. New sources are being sought, 
including the production of animal feed 
from petroleum waste and ,a_ pro- 
gramme for eaxploiting i the krill re- 


bd 
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woukl arise. he said, for at least ten 
years. Ultimately, however, there would 
have to be some kind of international 
agreement governing the harvesting of 
krill, 

In the current Five-Year Plan, said 
the Minister, government spending on 
sciences will be increased by some 70% 
from 115 thousand million to 200 
thousand milhon zloty. This, he sug- 
gested, presumably referring to the in- 
volvement of scientists in the current 
unrest in Poland, is “proof that we 
don’t beleve there is a crisis in our 
country”. The financial target is not 
represented by the budgets to date, 
which for 1976 and 1977 envisage ex- 
penditure on science of 16.6 thousand 
million and 15.9 thousand million. A 
considerable increase is to be expected 
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in the last three years of the plan, if the 
200 thousand million target is to be 
reached. f . 
The Minister said that of the total 
expenditure on science some 12-15%% 
is alloted to fundamental researc®, and 
the rest to applied research projects, 
the latter being financed half from the 
central budget and half from industry 
by means of research contracts. The 
implementatione of such applied re- 
search in production is Pokand’s biggest 
problem. This statement is true also of 
the Soviet Union, but whereas Soviet 
scientists frequently receive official re- 
buke for not producing the results that 
industry needs, the problem in Poland, 
says Kaliski, is that they “often have 
very good scientific results but no 
chance of introducing them”. Poland’s 
scientists, he explained, “think that if 
they have obtained’ a result, that it 
must be introduced”. This was not al- 
ways feasible under. a socialist system 





under capitalism it wouid. always be 
possible to find some manufacturer who 
would undertake to’ introduce a new 
process simply for profit motives, but if 
a system of state panning this was not 
always possible. T 
novations at the pilot stage, he id 
out, the Polish Academy of Science 
possesses #& small pilot factory. The 
main activity of the Academy, however, 
is fundamental research and “quahty 
potential’, rather than the develop- 
ment of individual applications. 
Concerning Comecon, Kaliski said 
that Poland participated principally in 
mining, computers, electronics and 
laser physics. In atomic power engine- 
ering, the Poles were “not the leading 
group——but we all contribute”. In the 
Interkosmos space programme, Poland 
was cOncerned main with on-board 
computers, the application of space re- 
search to cartography and meteorol- 
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magnetic field research, and signal pro- 
pagation. She was invoNed in “serious 
collaboration“ e in space medicine. 
Kaliski appeared quite satisfied with 
the present schefne of financing Come- 
con research projects by direct con- 
tracts between,the countries concerned, 
and showed no interest in the more 
sophisticated arrangements suggested 
gecently in the Polish journal of inter- 
national affairs Sprawy Miedzynaro- 
dowe. Saa 

One interesting feature of Kaliski’s 
visit was his meetings with laser phy- 
sicists. These were not, strictly spéak- 
ing, in his capacity as Minister. In 
addition to his governmental duties, 
Professor Kalfski is head of the Insti- 
tute of Plasma Physics and Laser 
Microsynthesis in Warsaw. In an m- 
formal lecture which he gave af the 
Rutherford Laboratory, Chilton, he 
described the work of the Institute on 








ogy, the study of plasma in vacuo, microthermonuclear synthesis. 
; + 
BRITAIN — : : 

E al. Laboratory, the National Engineering 
ore O i t e same Laboratory and Warren Spring Labora-® | 
tory (the Department of Industry’s 

ment on the Defence Estimates 1977 — Indfistrial Researgh Establishments), 

(Cmnd. 6375, HMSO, £1.50). Expected together with department-sponsored : 


The UK Government has published 
details of its proposed expenditure plans 
for the next few years and its Defence 
Estimates for 1977. Chris Sherwell 
reports 
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Last week’s White Paper, The Govern- 
ment’s Expenditure Pans, Volume l 
(Cmnd. 6271-11, HMSO, £2.35), which 
follows publication earlier of a general 
account of the plans, contains the 
details of individual expentiture pro- 
grammes, Twelve months ago the 
government published its plans for the 
rest of the decade, and these promised 
a painful levelling off in the growth of 
expenditure. Since then the government 
has announced two rounds of further 
measures, in July and December; the 
impact of the latter has yet to be 
assessed and incorporated into figures 
for 1979-80 onwards. 

Unsurprisingly, the latest plans con- 
firm the trend foreshadowed last year. 
Because organised research and de- 
velopment in Britain has a large govern- 
ment element, this means that the 
circumstances under which the country 
pursues its science effort remain far 
from happy. Some of the details from 
the White Paper are contained in 
Table | (see over). 

For the Ministry of Defenge, which 
is the government's biggest Spee on 
R&D, the table shows only the trend 
in the overall budget. Latest plans are 


available in more detail in the Srate- 


R&D at Porton complete, 


expenditure on the defence research 
progrfmme, in 1977-78 amounts to 
£123 milton, fwo-thirds of it devoted to 
“evaluation and exploratory develop- 
mènt”? on equipment and weapons, the 
rest devoted to maintaining a base ob 
scientific knowledge and advancing 
technology. Another £23 million-worth 
is linked with civil research. . 
Defence research did not escape the 
public expenditure axe last year, and 
the White Paper confirms this trend 
too, Implementation of the rationalis- 
ation of R&D establishments is de- 
scribed as “well advanced with the first 
major moves now taking place”. By the 


early 1980s four “systems establish- 
ments” -—sea, land, air and underwater 


- complemented and supported by eight 
“technology establishments”, will have 
replaced the 25 original R&D establish- 
ments. 

With the reviews of future levels of 
work on 
anemie nar at the Chemical De- 

: “can be 
ae to about WOES its present 
size”, the White Paper says; and the 
future of the Microbiological Research 
Establisltment (MRE), because micro- 
biological research requirements can be 
met “by a small team of ten oe 
integrated within the CDE, depends `c 
the scale and range of civil ee 
ments”, 

Other details from the White Paper 
on expenditure include: : 
@ Support for the National Physical 

€ 
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work at the Atomic Energy Authority 
(UKAEA) and the Natural Environ- 
ment Research Council (NERC), is ex- 
pected to remain at broadly the same 
level up to 1980-81. The general in- 
dustrial researeh and development pro- 
gramme overall, however, has been 
reduced by £2 million compared to last 
year “as a contribution to savings in 
public expenditure” 

@ The pattern of funding for R&D in 
certain aviation fields will be modified 
if and when the new nationalised in- 
dustry, British Aerospace, comes into 
existence with the passage of the Alr- 
craft and “Shipbuilding Industries Bill 
through parliament. 


@ Reflecting developments in the past 









year involving the country’s nuclear = 


reactor programme, the White Paper 


says that the provision for R&D by the - 
UKAEA is now “subject to adjustment | 


in the light of the current review” of 
the programme. 


@ The Science Budget, which indicates | 


the organised government effort on the 


, + i i $ é l 
civil side in basic sciences, reflects the — 
reductions of last year. Resources de- — 
is by the Science Research Council | 


‘big science’, the White Paper says, 
will be reduced by about 25% over the 
survey oe The brea edou for 
@in most Teenie industries, ‘but , 
especially electricity and telecommuni- 
cations, the lower forecasts of invest- 
ment in fixed assets are the product of — 
revised estimates of demanti, (J 
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ee Table 1 Trends i in sclence-related expenditure of UK government { £ million at 1976 survey prices) r 
A i . 1973-74 1974-75 1975-76 1976-77 1977-78 1978-79 1979-80! 1980-81! 
Defence budget? @ 5,460 265 5,548 5,621 ° 5,444 5,397 5,652 5,630 
Industrial innovations, of witch: . 370 359 373 281 224 214 207 301 
General industrial R & D> 38 39 42 5] 56 ől 66 68 - 
| -Tec inological and industrial sponsorship 6 5 T 8 lie 12 12 12 
- Aircraft and aero-engine R & D 26 25 19 19 13 12 12 12 
Concorde development afd production 116 102 81 37 34 28 19 12 
RB211 and other aircraft and engine 64 76 92 i — f] — $ — ő —6 
Space 7 18 22 25° 30 25 20 . 20 20 
Nuclear e 102 90 107 127 97 86 83 83 
Research counciis4 229 232 235 217 216 215 217 215 
Expenditure on fixed assets by: ° 2 
National Coal Board 122 200 241 293 332 $73 360 377 
Electricity Council and Boards . 657 667 699 704 646 622 586 570 
“South of Scotland Electricity Board 109 88 73 59 45 66 97 132 
- Britis sp Gas forporation 182 267 368 259 233 307 345 345 
British National Oil Corporation oa 53 148 173 210 255 330 
 Felecommunications (Post Office) 1,004 943 916 917 865 906 88} 901 
Health and Safety at Work$ 15 13 26 30 35 33 34 34 


'Figures shown are those of last year’s survey. N 
2About 12%; of last year’s defence budget went to R & D. i 
‘Includes the Department of Industry's Industrial Research Establishments apd department sponsored work at the URAEA and NERC. 
4Sée Table 2 for pattern of each Council's Expenditure in 1976-79. 

wok category, covering allocation for activities of Health and Safety Commission and Executive under the 1974 Health and Safety at 
or et. 

Source: The Government's Expenditure Plans, Volume 1 (Cmnd. 6721-1, HMSO, £2.35). 
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Table 2 Pattern of Council spending for 1976-77 Science, Budget (£ millions) 


ac AR NARS Ra NE area a E 
Natural 


6 
. Agricultural Medical Environment Science Social Science Total 
Research Research Research Research Research 
b sd Council Council Council Council Council 
Researgh grants and contracts 1.5 11.0 2.2 26.6 4.1 45.4 
Research units and establishments c 6.8 20.6 17.0 40.8 0.7 85.9 
Research Council grané-aided institutes 9.1 0.0 2.0 0.0 0.0 ER 
Postgraduate awards e 0] 2.5 1.9 11.8 5.0 21.3 J 
International subscriptions 0.0 i] 0.0 31.5 0.0 32.6 
Centrally supported schemes and ° 
administration 0.8 22 gA 29 6.5 1.4 13.8 
Total 18.3 37.4 ° 26.0 117.2 11.2 210.1 





Tabie doés not include expenditure by the Natural History Museum and the Royal Society e£8 fauton) 
Source: The Governments Expenditure Plans, Vafume H 


BANGLADESH. nnee 


@ India’s construction of a barrage 
agross the Ganges river at Farakka, 
about I&8km upstream from the 
Bangladesh border, is diverting water 
from the Ganges into the Bhagirathy- 
Hooghly river. The aim is to flush the 
silt off the river bed and°so keep the 
Calcutta Port navigable throughout 
the year. But the project poses a 
threat for Bangladesh, a densely 


populated state on a delta whose 
main artery is the Ganges. 


It is estimated that the water from 


| the Ganges and its tributaries serves 
about 37% of the area of Bangladesh 


in which about 25 million or nearly 


| one-third of the total population,live. 


|. About 40,000 cusecs of the Ganges 
‘| water are redirected into the Hooghly 
‘| river in dry months, and the effects 


| of such diversion could be severe. 


F Irrigation of 400,000 acres of land 


on Ganges water was 


the Ganges at Hardinge Bridge during 
the last 10 days of December 1976 
stood at 74,000 cusecs, as against 
47,200 cusecs during the correspond- 
ing period of 1975. Before construc- 
tion of the barrage the flow in this 
period varied from 118,000 cusecs to 
167,000 cusecs; the average flow dur- 


ing March is normally 74,000 cusecs. 


Particularly worrying are the rise 
in the salinity of the water and 
the extent of saline intrusion into the 
land from sea. The index of salinity 
in the Bhairab river went up to 13,600 


micromhos per cm’ in April last yearse 


compared to the historical average of 
500 micromhos. The saline penetra- 
tion inland advanced from the normal 
270 km to about 440 km from coast, 
affecting an area of 6,820 km’ beyond 
the limits of past years. Thé salinity 
of the Ganges water has since re- 
corded a further rise. In some parts, 


creased salinity Sin in addition have 
deleterious effects on the forest 
resources of Bangladesh: Sunderbans, 
the larges? forest greserve near the 
coastal belt, faces the possibility of 
thinning out and an ecological im- 
balance for men and animals there. 
The ecology of aquatic life is also 
adversely affected: the depletion of 
water levels in dry months and 
enhanced salinity have affected the 
fish population at the key landing 
sites, and there could be long term 
effects on spawning cycles, fish size 
and variety. 

@ Bangladesh has been elected a 
member to the 58-member Governing 
Council of the United Nations Envir- 
onment Programme (UNEP), The 
council is one of the semi-auto- 
nomous special bodies of the United 
Nations with headquarters at Nairobi. 
Asian states have 13 seats in the 


7 noticeably affected in the last dry particularly in Bhairab river, the body; other countries from the Asian 
‘| Season. salinity index has exceeded 15,000 Group elected together with Bangla- 
_ According to regent statistics pub- micromhos per cm’; it may rise desh are China, Philippines, Indonesia 


i | ited #y Bangladesh Water Develop- 
_ment Board, the average discharge of % 





further next spring. 
The reduced water flow ahd in- 
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and Syria.” 
M. Kabir 





Fibres, 





after an [8-day flight. The proggamme 
of the mission was the now-familiar 
mixture of astrophysical and geophy- 
sical observationg “in the interests of 
the national economy’, the testing of 
on-board instruments and systems, and 
medical observations. The results of 
one of the medical experiments, which 
investigated the threshold sensitivity of 
the vestibular apparatus to electrical 
stimul under conditions of weightless- 
ness, will be used to compile criteria 
for the selection of futur® cosmonauts. 

Japan has meanwhile launched her 
frst geostationary satellite, on 23 Feb- 
ruary from the Tanegashima Island 
Space Centre. Although it is Japan’s 
tenth satellite, itis the first to remain 
in a geostationary. orbit and should 
bring advances ine communications and 
resources Surveying. 5 


THe most successful and Jong-ruaning 
serial put out onthe radio by the 
British Broadcasting Corporation is 
The Archers, a. programme dealing 
with a farming community in the 
imaginary village of Ambridge in the 
midlands of England. Topics of cur- 
rent interest are often introduced: 
thus Phil Archer, a vigorous and 
progressive Farmer, decides to go on 
a management course organised by 
the official Agricultural Trainieg 
B&ard. His wife is only being mildly 
ironical when she says that this will 
teach him to “avoid, friction and frus- 
tration with the meh, teach a logical 
approach to human problems, im- 
prove their job performance, create 
team spirit and good morale, and 
develop effective’ face to face com- 
munication”. The even more suc- 
cessful farmer to whom this was said 
rephes: “it won't leave much time 
for farming’. This episode may 
appeal to the many scientists who are 
being pressurised to attend similar 


courses, organised by the training 
branches of government departments 
and research councils. They dort 


leave much time for research. 

Most people would agree that many 
branches of science are developing so 
rapidly that it would be easy to get 
out of date. and that some kinds of 
‘refresher courses’ may be useful. 
However, good scientists usually 
manage to keep abreast of their sub- 
ject, and even find little difficulty in 
dealing with the massive literature re- 
porting new work. It has always been 
the practice in the better institutions 


for staff to be encouraged to visit 
other laboratories where advances are 











noble this week following the departure 
of Professor Rudolf Mossbauer for a 
teaching chair at fhe University. of 
Munich. White's place as assistant 
director at the Anglo-French-German 
high flux reactor is taken by Tasso 
Springer ffrom the Centre for Nuclear 
Studies in Julich, West Germany. 


EEC geothermal programme 
The European Commission is asking 
for proposals for research and develop- 
ment for the second stage of its geo- 
thermal energy programme. The 
programme, first announced in August 
1975, embraces the agquisition of new 
geothermal data, prospecting methods, 
and energy from hot water Sources. 
steam sources and hot dry rocks. 

Five UK proposals were accepted for 
the first stage of the programme, in- 


being made, and to attend special 
courses to learn new methods and 
techniques. 

Instruction in such — scientifie 
advances is seldom the concern of the 


training branches which are now he- 
coming so widespread. They are 
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ino promoting the 
In is, 


mainly involved 
teaching of ‘management’. 
they have been encouraged by re- 
forms in the scientific civil service 
following the Fulton Report: changes 
intended to improve efficiency and 
promotion prospects. Trades unions 
have also pressed for this type of 
course. believing that it may enhance 
their emembers’ prospects, even if 


ight water reactor (PWR) prompted a 2 








about half the cost of the projects ` 


involved. i 
6 


UK reactor choice 
Sir Alan Cottrell, the UK government’s 


er... he Boot Jone ig : . 
former chief scientific adviser whose © 
questions about the reliability of the > 


steel pressure vessel of the pressurised 
massive study, has again, madg public 
his views about the choice of reactor 
question. In a letter to the Financial 
Times last week he wrote that Britain 
“would have little to gain and a lot to 
lose” by choosing the PWR: he also 
remained doubtful whether it. was 
right to have to rely for safety on 
human standards in construction, super- 
vision and operation. He described the 
merits of SGHWR/Candu and AGR 
systems as “fairly evenly balanced”. 


there are doubts as to whether hose 
attending obtain any real benefit. 

b have had the opportunity of try- 
ing to assess the effects of ghese 
Management courses on a good many 
of my colleagues®men and women. 
employed primarily to do research. I 
have been unable to detect any im- 
provement in their originality or their 
productivity, or even in their ability 
to handle their juniors (or their 
seniors). The courses seem totally use- 
less in promoting scientific research, 
they waste time which should be 
spent in the laboratory and thev use 
scarce funds needed for the research 
itself. E have found this view shared 


by the directors of many ofher 
establishments. 
However, the hope is often ex- 


pressed that. at a suitable stage in 
their careers (perhaps when their 
originality is fl€gging) more scientists 
will move to senior administrative > 
posts. and that those who have 
studied management will then be at 
an advantage. Has anyone ever car- 
ried out a controlled experiment, 
comparing the performance of the 
‘trained’ and the ‘untrained’? I have 
seen no improvement m those who. 
remain in research. Do these manage- 
meft courses really promote effective- 


ness in scientific administration——or, 
for that matter, in business or 
industry? Until These questions can 
be answered, we should surely be 
cautious in encouraging these de- 


. 
certainly not 
for research. 
the research 
the courses 

wh 


velopments, We should 
spend money intended 
except perhaps fo do 
needed to evaluate 
themselves. 


* 
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Spacemen return. ; Change in Grenoble , cluding one from the CEGB and two | 
The latest crew of the Soviet Salyut 5 "Dr John White took over as directo® from the Natural Environment Re- 
space station have returned safely of the Institut Laiie-Langevin in Gre- sĉarch Council. ¿The EEC will provide 
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Some singular proposals 


r 
from P. C. W. Davies 


Oxe of the more intriguing aspects of 
the theory of relativity is the predic- 
tion that the theory itself will inevi- 
tably break down in certain plausible 
situations. When this happens, space- 
time is said tẹ develop a singularity. 
Usually, singularities are associated 
with intense gravitational fields which 
grow without limit, such as may occur 
after the catastrophic implosion of a 
star tô form a black hole. Physicists 
have always been disturbed about 
singularities, because if they are taken 
literalfy, they imply that there can be 
regions of the Uniwerse where space- 
time develops an edge or boundary, at 
which all of known physics breaks 
down. Many have recoiled at this pos- 
sibility, and view the singularity, less 
catastrophically, merely as an Mdica- 
tion that classical relativity ceases to 
apply under some very extreme con- 
ditions. dn the alternative tradition 
singularities are regarded as actual phy- 
sical entities of some sort, presumably 
with their own laws and properties, 
The*issue is of literally cosmic impor- 
tance because it is widely supposed that 
a singularity lay at the initiation of 
the big bang primaeval phase of p 
Liniverse. If this singularity is real, 
eb Presents a past temporal ae 
of the Universe, which, in somewhat 
„anachronistic terminology, means that 
there was once a creation. If, on the 
other hand, the singularity is really 
just-a jargon word for a new region of 
the physical world about which we are 
presently ignorant, then the Universe 

will be infinitely old, with all that im- 
plies for thermodynamic paradoxes & and 
time asymmetry. 

Often the distinction between these 

alternative viewpoints is blurred. How- 
ever, Stephen Hawking of Cambridge 
University, who is never one to be 
faint-hearted in facing tough questions 
“squarely, has made some challenging 
proposals about the nature of singulari- 
ties, particularly with regafd to black 
holes. Iw a thougkt-provoking “paper 
entitled “Breakdown of predictability in 
gravitational collapse’, (Phys. Rev. D. 


+ 


14, 2460; 1977) Hawking argues for the 
inevitability of singularities and pro- 
poses to make a virtue of them by im- 
troducing a new physical ‘principle to 
stand *alongside the Heisenberg un- 
certainty principle. He claims that the 
breakdown of physics at singularities 
does not merely signal our ignorance of 
the correct theory but represents, 
dundamental limitation to our ability to 
predict the future” a limitation which 
is in addition to the usual quantum 
uncertainty. This he calls the principle 
of ignorance. 

Hawking discusses in detail a num- 
bêr of situations in which the principle 
of ignorance can be applied. In all cases 
there is an intimate connection between 
singularities and so-called ‘hidgen sur- 
faces’. General relativity permits the 
causal structure of spacetime to deye- 


“lop features such as event horizons, 


beyond which no information Isgavail- 
able. In the case of the gravitational 
collapse of a star the formation of an 
event horizon leads to the famous 
thermal evaporation process discovered 
by Hawking in 1974, and which en- 
dows the black hole with a temperature 
and entropy. The black hole entropy 
can best be understood as the loss of 
information behind this horizon. The 
main part of the paper is concerned 
with a detailed mathematical treatment 
of the evaporation process, and con- 
firms the independent work of Parker 
and Wald that this radiation 1s truly 
thermal in the sense that the event 
horizon appears to emit with equal, 
probability all configurations of par- 
ticles consistent with the observers’ 
limited knowledge about the black hole 
(its mass, charge and angular mo- 
meatum). The precise connection be- 
tween the horizon and the singularity 
is a subtle one, and Hawking’s argu- 
ment seems to depend upon an inter- 
pretation of the evaporation process in 
terms of Feynman’s idea of anti- 
particles being particles travelling back- 
wards in time. The evaporation process 


*entails the creation of particle—anti- 


particle pairs outside the, horizon with 


* 


* 

one particle falling into the black hole 
(and thence into the singularity) and 
the other perhaps escaping to infinity 
to contribute to the evaporation radia- 
tion. Hawking regards this situation as 
a single particle emanating from the 
singularity backwards in time, tunnel- 
ling to the region outside the black 
hole, where it scatters off the gravita- 
tional field into the future direction, 
and thereby arrives at infinity. In this 
way the accepted randomness of the 
evaporation radiation can be regarded 
as reflecting a property of the singu- 
larity, and is hence a direct conse- 
quence of the principle of ignorance. 
One feature which makes me uneasy 
about this picture is its dependence on 
an intuitive, semi-classical idea of par- 
ticles close to, and inside the black 
hole, even though the quantum wave- 
Yength of the particles is comparable to 
the size of the black hole itself. 

Another situation considered by 
Hawking, whic does not involve an 
event horizon, concerns the big bang 
creation of the Universe. Here the 
hidden surface means any surface suffi- 
ciently close to tke initial singularity 
about which we have no previous knowl- 
edge. The particles emerging from the 
Singularity will then, according to the 
principle of ignorance, be random and 
uncorrelated. This idea is not of course 
new and has frequently been invoked to 
account for the observed time asym- 
metry of the Universe (such as the 
absence of advanced radiation coming 
from the big bang). Hawking argues 
that the characteristics of the cosmic 
thermal microwave background be ex- 
plained this way. For example, the 
high isotropy is beautifully accounted 
for by noting that an anisotropy can 
be regarded as the presence of a very 
large excess of long wavelength gravi- 
tons in some modes, which, accord- 
ing to the principle of ignorance, is 
overwhelmingly improbable. 

At a technical level, Hawking points 
out that the loss of information behind 
the event horizon of a black hole pre- 
vents us from using a pure state to 





ery 
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describe the quantum system. The con- 
ventiofal procedure of introducing an 
S matrix therefore fdils when black 
holes are present. Instead one has to 
deal with density matrices. This modifi- 
cation could be profound in equite 
general circumstances if quantum 
gravity effects are taken into account, 
because virtual black holes might form 
out of high energy virtual photons 
when the wavelength approaches the 
Planck length. 

With such a <Sneentrarion of pro- 
vocative new ideas, this paper is bound 
to generate a great deal of debate 
about fundamental physics. In particu- 


+ 


@ 

bs " } e 
lar, Hawking’s® argument for the in- 
evitability of singularities will be chal- 
Jenged by those wh have long sought 
to avoid them. They could be avoided if 
quantum matter effects can lead to the 
violation of the so-called energy condi- 
tions. Indeed, negative energies and 
pressures have long Been known to be 
possible in quantum field theory. 

The conclusion which Hawking 
draws is stated with characteristic wit 
and daring. There is a new level of un- 
certainty or randomness in physics be- 
cause “God not only plays dice, He 
sometimes throws the dice where they 
cannot be seen”. = 


Genetic modification of plant 


cells: a reappraisal 


from Edward C. Cocking 


CELL genetics is now one of the most 
rapidly developing areas of plant bio- 
logy, stimulated by the considerable 
improvement over the past decade in 
our knowledge of plant tissue and “cell 
culture, and in particular the avail- 
ability of isolated plant protoplasts. 
Genetic modification as a result of the 
fusion of isolated protoplasts and the 
regeneration of somatic hybrid plants 
has advanced dramatically in the past 
five years. 

One of the more controversial aspects 
of recent developments in genetic modi- 


THE function of 


the thymus as one of 


the controlling organs in the ontogeny 
of immunological résponsiveness was 
defined in the early 1960s. The argu- 
ment about the manner in which this 
Function is exercised has sputtered ever 
since. The protagonists of the view 
that cell outflow from the thymus ts 
largely responsible engendered the con- 
cept of the T lymphocyte of thymic 
origin which is part of our contem- 
porary mythology. The alternative 
notion, that the thymus functions as 
an endocrine organ, has led a more 
chequered life. Its latest form is that 
the thymus does exert a humoral in- 
fluence but on Iymphocyte ie 
inside the thymus and perhaps on T 
cells outside the organ. As J.-F. Bach 
et al. indicate in this issue of Nature 
(page 55) the idea is attractive but 
the evidence has so far not been com- 
pelling, 

Bach and his colleagues have con- 
centrated on the isolation and charac- 
terisation of a thymus-dependent entity 
in the serum of pigs. Their material, 
which they designate facteur thymique 
serique (FTS), they find tæ be a nona- 
peptide of determined sequence which 


athe same 


fication has been the question of the 
modification of plant cells by exogen- 
ous, DNA (see for example Ledoux 
Nature 249, 17; 1974). The generab 
view now is that the present genetic 
evidence for the modification of plant 
cell, by prokaryotic DNA is circum- 


stantial and weak. Kleinhofs et ail. 
(Pree, natin. Acad. Sci. U.S.A. 72. 
27481: 1975) concluded that contanti- 


nation of plant material by bacteria 

was the likely explanation for what had 

been ingerpreded as evidence for the 

integration of exogenous DNA, as 
$ 


Serum thymic factor 


from A. J. §. Davies 
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they have now synthesised. 

The test system used during the isola- 
ton procedure of Bach and his 
colleagues relied upon the capacity of 
FTS to influence spleen cells from 
thamusless mice in the sensitivity. of 
their rosette-forming capacity to inacti- 
vation by erther azathioprine or anti- 
theta antiserum. This assay is, as Bach 
himself says. esoteric and it may or 
may not reflect the manner in which 
t material influences cells in 
vitro. In other studies ‘it has been found 
that partially purified FTS can induce 
theta positivity, that it can alter the 
cytotoxic potential of T cells from 
thymusless mice, that it can sometimes 
enhance emitogenic responses of lym- 
phocytes and that it can influence 
the immunological reactivity of the 
autoimmune NZB mice. All this evi- 
dence suggests that FTS can affect T 
cells, perhaps by modification of their 
cell membrane, but is far from the 


proof ef either the existence or identity ¢disturbance could be considerable. 
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related to the appearance of “hybrid” 
bands on centrifugation, since no 
“hybrid” bands,ever turned up provided 
a stringent sterilisation procedure was 
used. A re-examination last year by 
Redei et al. (Proc. int, Course on Cell 
Genetics in Higher Plants (eds Dudits, 
D. et al.) Acddémiai Kiadó Budapest, 
1976) of the correction of genetically 
thiamineless Arabidopsis mutants by 
yacterial DNA is of particular interest. 
Jsing supposed DN A-corrected 
mutants, supplied by L. Ledoux and 
S&thers. these workers concluded that 
the “corrected mutants’ were ngechan- 
ical contaminants either of Langridge’s 
mutant 1018-6, or other mutants, or 
were wild type. No evidence of DNA- 
mediated correction in the material 
examined could be found. So it must 
now be recognised that even though the 
work from Ledoux’s laboratory has 
been a great stimulus, on present evi- 
dence there are explanations other than 


genetic modification for the results 
obtained. 
Somewhat similar conclusions can 


be reached regarding the work of Hess 
and collaborators. They observetl that 
treatment of a white-flowering pure 
line of petunia with the DNA 
a red-flowering anthocyanin-#nthe- 


. . @ * a 

sising pure ling results in a 
genetically stable correction for 
anthocyanin synthesis in 0.06%, of 


the treated plants. Bianchi and Walet- 
Foederer (Acta botan. neerl. 24, 1; 
1974) shave cogently argued that Hess 


f a thymus hormone and Bach 


of S 


correctly refrains from making such a 
claim, 

Bach’s approach has been unusual in 
concentrating on serum as a source of 
‘thymus hormone’. It wil now De pos- 
sible to determine whether materials 
similar to FTS can be obtained by 
squeezing the thymus itse'’f Aso M- 
jection of labeil@d synthetw material 
will allow its tissue predilections, if any, 
to emerge. It would be tronic, but not 
without precedent in the endocrine 
system, if FTS production was not in 
the thymus, but only regulated by it. 

FTS will doubtless be widely syn- 
thesised and may, like transfer factor, 
be used for a variety of clinical pur- 
poses. There are very many factors 
which either emanate from or are de- 
pendent upon the various components 
of the lymphoid system. Their disen- 
tanglement will rest upon the extent to 
which their characterisation can be 
achieved. Bach, in presenting ą se- 
quence for a small readily-synthesised 
biologically active peptide, will certainly 
engender mech fipttering in the lym- 
phocyté dovecotes. The effects, of this 
Ea 
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did not take the existing -differentia- 
tion of the shoot apex into account, 
when he attempted to interpret his 
experimental results, and trate other 
explanations are possi®le fof the effects 
observed (for a detailed critical dis- 
cussion see Hess in Plagt Cell, Tissue 
and Organ Culture 506 (eds Reinert, 
K. J. & Bajaj, Y. P. S.) Springer- 
Verlag, Berlin-Hetdelberg-New Yorke 
1977). 

The recent report by Zryd (Abstract 
191, 9th int. Conference on Plant 
Growth Substances, 1976 (ed. Pile? 
P. *EJjethat esycamore cell suspensions 
plated at lọw cell density at certain 
stages of the growth cycle are able to 
utilise lactose as a sole *carbon source 
is now stimulating a reappraisal of 
other work using transducing phage to 
intrdduce selected bacterial genes into 
plant cells. Using  AplacS-treated 
sycamore cell suspensions Johnson 
et al. (Nature few biol. 244, 105; 1973) 
concluded that the fac genes were 
expressed, leading to the formation of 
enzymes which confer the capacity to 
assimilate lactose. T hey stated that 
their untreated sycamore suspension 
cultures were unable to use lactos¢ as 
a sole carbon source. 

Somewhat similar experiments ysing 
tomato callus have een carrted out by 
Doy et al. (Biochemistry of Gene 
Expression in Higher Organisms (eds 
Pollak, J. 1. & Wilson Lee, J.) Reidel, 
New York, 1972). These results were 
particularly persuasive, as farious 
bacteriophage controly were used. 
Inoculation with Apgal enabled callus 
to grow slowly on 2% galactose 
medium for up to 1S weeks, whereas 
untreated cells and the controls (Apgal” 
with an amber nonsense mutation in the 
gal Speron) died within 3 weeks. In the 
light of Zyrd’s results these experi- 
ments should be reassessed; larger 
populations of cells need to be screened 
to determine whether tęmato, and 
Sycamore, can grow on galactose, and 
actose, as a sole carbon source in 
certain cultural conditions. 

Such alternative explanations for the 
phenomena observed, which have noth- 
ing to do with genetic modification, 
should be rigorously explored. 
Although it has been claimed that in 
tomato callus treated with P80plac’. 
specifically E. coli B-galactosidase 1s 
synthesised, no such positive indic@tion 
was obtained by Johnson et al. It is 
claimed that the biochemical~immuno- 
logical test of specific protection at 
60°C is regarded as definitive at the 
molecular level for bacterial B-galacto- 
sidase, but this statement also needs 
critical appraisal, particularly since it 
is known that plant #-galactosidases 
are present in sycamdre cells (Keegstra 
& AlberSheim Plant Physiol. 45, 675: 
1970), and probably also in tomato 
callus. 





A more promising ‘avenue of ap- 
proach is the possible use of bacterial 
lasmids rather” than transducing 
phage for the transfer of prokaryotic 
DNA to plants. The Hmitations of the 
present work on genetic modification 
as a result of DNA uptake are now 
evident, but there does still exist the 
possibility of achieving the desired 
goal. It is now clear that crown-gall 
disease caused by Agrobacterium tume- 
faciens is the first example of a natural 
system in which genetic elements of 
bacterial origin (the Ti plasmids) play 
a part in the regulation of gene ex- 
pression in eukaryotic cells (Schell 
et al. in Molecular Biology of Plants 
(ed. Rubenenstein, I.) Academic, New 
York, 1977). This raises the possibility 
of using the Ti plasmids for introducing 
specific bacteriab génes info plants. 

Thes most interesting applications 
would be the integration of the 
nitrogen-fixing genes (from Rhizobium 
and other ba@teria) into crop plants. 
The nif genes of Klebsiella have 
recently been translocated onto *the 
RP4 factor (Dixon er al. Nature 260, 
268: 1976). Schell and his colleagues 
have suggested that this RP4-nif factor 
could be integrated into the Ti plasmid, 
which could then be assessed for its 
ability to make plant cells nitroge 
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Sexual transmission 


of hepatitis B 


from Arie J. Zuckerman * 


Sensitive techniques for dgtecting 
hepatitis B markers have over the past 
few years revolutionised epidemiologi- 
cal concepts of this infection. The 
estimated 120 million carriers world- 
wide cannot be accounted for simply 
by transmission through infected blood 
and blood products and the question of 
whether an apparently healthy carrier 
can frequently transmit the infectious 
agent by any other means ts now of 
crucial importance. 

Hepatitis B surface antigen, a virus 
marker, has been found repeatedly in 
human saliva, menstrual and vaginal 
discharges, seminal fluid and milk. be 
has also been reported but not con- 
firmed in bile, sweat and. teafs. So it is 
not surprising that contact-associated 
hepatitis B is apparently of major epi- 
demiological significance, and various 
aspects of the growing evidence for 
intimate transmission of the virus were 
discussed at a postgraduate symposium 
on hepatitis B held as part of the 
American Association for Study of 
Liver Disease meeting last November. 

Studies on transmission by intimate 
contact have however produced varied 
and sometimes conflictifig results. In 
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particular studies on’ possible transmis- 
sion by sexual contact have produced 
ambiguous results. Since the surface 
antigen has been detected in menstrual 
blood, vaginal secretions and semen, it 
is po@ible that the virus could cross 
mucosal surfaces during intercourse. 

The first indications of possible 
sexual transmission came some 50 years 
ago when the husbands and wives of 
known hepatitis B casriers developed 
acute hepatitis. Recent studies on the 
sexual transmission of hepatitis have 
yielded a wealth of good circumstantial 
evidence, but also conflicting and some- 
times ambiguous information. For ex- 
ample, Mosley (Am. J. med. set. 270, 
253; 1975) reported that as many as 
18’ of the spouses of patients with 
acute hepatitis B, but none of their 
other close family, contracted the in- 
fection. Heathcote and Sherlock (Lan- 
cet, i, 1468; 1973) also concluded that 
sexual contact or close domestic con- 
tact seemed to be the most likely source 
of hepatitis B infection in 40% of 67 
patients studied. But a similar fre- 
quency of hepatitis B surface antigen 
was found in registered prostitutes in 
Athens and in control pregnant women 
of similar age and socioeconomic 
status; in prostitutes in Germany and 
mentally retarded patients in institu- 
tions, and among prostitutes and nuns 
in Columbia. 

Nevertheless, several studies carried 
out in London by a team from the 
Middlesex Hospital seem to substan- 
@iate the possibility of sexual trans- 
mission of hepatitis B infection. A* high 
prevalence of surface antigen and sur- 
face antibody e(the latter providing 
evidence of infection with hepatitis B 
virus) has been found in patients attend- 
ing venereal disease clinics. Promis- 
cuity and in pagticular homosexual 
promiscuity emerged as factors of 
special importance. Thus in one of the 
studies, homosexuals were found to 
carry the surface antibody seven times 
more frequently than their male hetero- 
sexual counterparts. In another survey 
antigen was found ten times more fre- 
quently in patients attending a venereal 
disease clinic in London than in volun- 
teer blood donors (bearing in mind, of 
course, that these groups are not 
strictly comparable). Again it was 
noted that the highest incidence of 
hepatitis B surface antigen was among 
male homosexuals. 

in the most detailed study to date, 
of over two thousand persons in New 
York, Szmuness et al. (Annis intern, 
Med. 83, 489; 1975) evaluated two 
separate aspects of the role of sexual 
behaviour in the spread of hepatitis B: 
first, the possibility that this infection 
can be transmitted by vaginal inter- 
course and therefore that hepatitis B 
may be regarded as a venereal disease; 
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and second, the indirect impact of cer- 
tain s@xual practices on the spread of 
hepatitis B virue in vatious population 
groups. Serological evidence of infec- 
tion was sought by very sensitive 
laboratory techniques. A significant ex- 
cess of hepatitis B infection was found 
in two promiscuous groups: patients 
with venereal diseases and their un- 
related sexual contacts (15-18%); and 
male, m not Temali Momoria 


T ais Siganisationss The preva- 
lence of antigen among male homo- 
sexuals was 13 times higher than in 
the controls, and surface antibody was 
found 4-5 times more frequently than 
in the controls, 26 to 28 per cent of 
spouses of asymptomatic antigen 
carriers were infected; an infection rate 
2-3 times greater than that among 
spouses of the controls. 

Serological — evidence. of infection 
with hepatitis: B virus was found more 
frequently in individuals who had a 
higher than average probability of ex- 
posure to potentially infective partners 
or whose sexual ‘behaviour made such 
exposure more ‘likely, Large numbers 
of sexual partners, long. duration of 
homosexuality and predominantly rectal 
intercourse all contributed to a higher 
frequency of infection, No antigen 
carriers were detected in the admittedly 
small lesbian sample, although antibody 
was found at the same frequency as 
in heterosexual women in the general 
population. This low prevalence may 
be related to the comparative numbers 
of sgxual partners; in the homosexual 
sample surveyed the mean number of 
partners during the preceding six 
months was 1.8 for Yemen compared 
with 20 for men. 

An unexpected finding reported by 
Szmuness and associates (op. cit.) was 
the high prevalence of hepatitis B in 
homosexuals whose sexual behaviour 
included rectal intercourse, and a rela- 
tively low prevalence in homosexuals 
with practices beyond the bounds of 
the anogenital system. The explanation 
for this difference may lie in the re- 
ported high incidence of recurrent 
genital and perianal skin and mucosal 
sores in the former group. 

However, it is extraordinarily diffi- 
cult to prove by such a cross-sectional 
retrospective study that hepatitis B can 
be transmitted venereally in addition 
to the many other potential modes of 
transmission. Not only is it difficult to 
collect reliable information on sexual 
behaviour, but spouses and highly 
promiscuous groups differ from each 
other in many respects, posing prob- 
lems which cannot be overcome by 
statistical methods. Nevertheless, 
several studies have now ,confirmed 
that in certain groups intimate contact 
with large numbers of sexual partners 


*similar effect. 
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and extravagifal intercourse may be 
responsible for a substantial proportion 
of clinically apparent or inapparent 


“infection with hepatitis B virus. But i? 


still could not be proven that type B 
hepatitis can be transmitted by vaginal 
intercourse. H. O. Conn, in a paper 
delivered at the Am@rican Association 
for Study ,of Liver Disease meeting, 
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pointed out that “it must be borne in 
mind that people whoe sleep together 
may do other things as well, They may 
share „eating, utensils, razors, tooth- 
brushes, skin absasions, needles, lovers 
and bed bugs; and any of these or 
others could permit the intimate, but 
non-venereal “transmission of viral 


hepatitis”. a 


Super-rotating atmosphere of Venus 


from Garry E. Hunt 


THe atmosphere of Venus is huge, com- 
posed mainly of carbon dioxide with 
ubiquitous clouds obscuring the sur- 
face which is characterised by tempera- 
tures gf about 730-K,aand pressures of 
nearly 100 atmospheres. Centuries of 
visual observation provided little more 
than frustration to the early astrono- 
mers with the regular sight of a yellow, 
featureless cloud deck, which extends 
to nearly 100 km above the planetary 
surface, in complete contrast to Earth 
which averages about 50°, cloud cover. 
But planetary observations in ultra- 
violet light have provided the most ex- 
citing and unexpected result which still 
remains today as a major unsolved 
problem in Venusian meteorology. The 
upper, atmosphere in the neighbour- 
hood of thé eloud tops super-rotates. 
Feature¢ in this region move in a retro- 
grade manner with a rotational period 


of only 4d which is incredibly short, 


when compared with the planet’s own 
solid-Body retrograde rotation of 243 d. 
So Venus possesses the largest gatio 
between the atmospheric and planetary 
rotation rates of any body in our Solar 
System. 

Initial evidence of this atmospheric 
rotation came from the apparent 
motion of dark features seen in ultra- 
violet photographs, characterised by Y 
and wv shapes centred on the equator 
(Boyer & Camichel Annis Astrophys. 
24, 531: 1961). But is it really a mass 
motion that is observed? A wave 
phenomenon propogating around the 
planet with a phase velocity correspond- 
ing to a 4-d period could produce a 
Although Young (/carus 
24, 1; 1975) considered the super- 
rotation an illusion, a travelling wave- 
like disturbance driven by the ultra- 
violet albedo differences, spectroscopic 
measurements of winds by Traub hnd 
Carleton (J. armos. Sci. 32, 1045; 1975) 
and the results of the Venera 8 
Doppler drift experiment (Marov et al. 
J. atmos. Sci. 30, 1210; 1973) provide 
strong evidence that the visible parts of 
the Venusian atmosphere really are 
moving rapidly with respect to the, 


planetary Hace The measured wind ® 
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velocity is large enough to account for 
most, if not adl, of the 100 m s~ appa- 
rent equatorial motion seen in the ultra- 
violet markings 

But how persistent are the observed 
features? According to Boyer and 
Guerin (/carus 11, 338: 1966) the Y 
feature persists for decades at essenti- 
ally the same longitude in a coordinate 
system rotating with a period of 
4.067 d. On the other hand, Beebe 
(Icarus 17, 602; 1972) and Scott and 
Reese (carus 17, 589; 1972) thought 
that owing to the selective nature of 
the ground-based observations, the 
featgires may actually appear at ran- 
dom longitudes @nd dissipate after 
8-16d. The high resolution images 
taken during the Mariner 10 flyby are 
valuable observations in the study of 
the lifetime of these features, since 
Dollfs (J. atmos. Sci. 32, 1060; 1975) 
has shown them to be representative of 
the more extensive time series of Earth- 
based measurements. Belton ez al. (J. 
atmos. Sci. 33, 1363, 1976) found that 
the large scale markings (~ 1,000 km) 
situated between +45° latitude have 
lifetimes greater than 4d and more 
with an apparent angular motion at the 
equator. Smaller scale markings (100~ 
500 km) were found to have lifetimes 
between 1.9% and 4d. These crservations 
suggested to Bélton ef al. that the 
and polar ring features seen in the 
images are both visible manifestations 
of propagating waves. 

But we are still faced with the funda- 
mental question—what is the mechan- 
ism(s) capable of generating these large 
zonal winds? The overhead motion of 
the Sun relative to an observer fixed 
on athe surface is prograde with a 
speed of about 4ms'. Any theory 
must then account for the retrograde 
flow of the order of 100 ms7'. Gold 
and Soter (/carus 14, 16; 1971) pro- 
posed that the upper atmosphere cir- 
culation is a result of a solar torque 
on a thermal semidiurnal tide. Winds 
of the observed magnitude could be 
produced in thise way only if the mo- 
mentum transport were molecular. If, 
however, turbulent eddies provide-+the 
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main source of viscous friction, then 
the mechanism? is incapable by several 
orders of magnitude of. accounting for 
the observed winds. ; Š 

Schubert and Whfteheatl (Science 
163, 71; 1969) suggested that the 4-d 
circulation is driven by, the overhead 
motion of the Sun relative to the 
planet’s surface. This is known as the 
“moving flame mechanism”. The solag 
energy is absorbed in the visible cloud 
tops situated in the upper troposphere 
and its effects conveyed to higher levels 
by various transport mechanisms. Be- 
case @hesee mechanisms do not ac 
simultaneoysly the horizontal move- 
ment of the source of heat produces a 
tilt in the vertical pattérn of convec- 
tion. Associated with the tilt are the 
Reynolds Stresses which, by transport- 
ing horizontal momentum upwards or 
downwards produce and maintain an 
altitude-dependent streaming motion. 
This viscous action transfers horizon- 
tal momentum vertically at an equal 
rate in the opposite direction. 

General circulation models, such as 
those ewhich have been applied to the 
Earth’s atmosphere suggest a numeri- 
cal approach to the study of atmos- 
pherig dynamics. Their first applica- 
tion to the problems of the upper 
atmosphere of Venus was not very 
successful (see for example Kalnay de 
Rivas J. atmos. Sci 30, 763; 1973) 
producing maximum winds of only 
8-10 ms~', which is an order of mag- 
nitude less than those observed. Young 
and Pollack (Science *(in the press, 
1977)) now report a more satisfactory 
study producing the observed retro- 
grade mean zonal wind of 90-100 m s`! 
corresponding to a 4-d rotational 
period, At an altitude of 60km their 
model results show meridional velo- 
cities of 10-20ms"' at mid and high 
latitudes, a 12 K average equator-pole 
temperature difference and 3K day- 
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yught temperature diffrence with the 


might side hotter. These characteristics 


agree reasonably well with the obser- 
vations, Young and Pollack suggest 
that the large zonal winds in the 
Venusian atmosphere are the result of 
a non-linear instability, although the 
rotation of the planet and the motion 
of the Sun relative to the surface 
(moving flame principle) play important 
parts in determining the direction of the 
mean winds generated from an initially 
stationary state. Thompson (J. atmos. 
Set. 27, 1107: 1970) *first indicated the 
importance of this instability mechan- 
ism which results from the perturba- 
tion to a steady convective pattern 
cdused by the superimposing of a verti- 
cal shear on this original gow. In the 
Venusian atmosphere, the relatively 
large shear is the result of the vertical 
distribution of solar energy, which is 
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mainly deposited abote the 40km 
altitude. 

The latitude dependence of the mean 
flow produced by the Young and 
Pollack model corresponds to a con- 
Stant angular velocity at a given verti- 
cal level. This disagrees with the 
Mariner 10 obser¥ations, which show a 
more complicated pictureeof an in- 
crease in angular velocity from the 
equator to a latitude of approximately 
50° (Murray et al. Science £83, 307; 
1974), where the rotational period may 
be as short as 2d. Spiral streaks, 
which may be interpreted as ‘jet 
streams’ show in the Mariner 10 images 
the flow towards the polar vortices 
where the kinetic energy of the motions 
is eventually dissipated. 

The return flow of atmospheric gas 
may occur at deeper levefs in ethe at- 
mosphere in order to maintain the pla- 
netary angular momentum balance. We 
do not know the vertical extent of these 
motions, wheter the stratospheric ro- 
tation is a separate overturning cell or 
evhether it is linked somehow to a deep 
stirring of the huge Venusian atmos- 
Phere. Sidi (/earus 28, 359; 1976) 


Muscle diseases at 
Birmingham 


from E. J. Thompson 3 





The Seventh Symposium on curreñt 
research in muscular dystrophy 
organised by the Muscular Dys- 
trophy Group of Great Britain was 
hetd at the University of Birming- 
ham on 5-7 January 1977. It con- 
sisted of papers invited from workers 
supported directly by grants from 
the Muscular Dystrophy Group, and 
was organised by Professor J. N. 
Walton, Chairman of the Muscular 
Dystrophy Group of Great Britain 
and Professor Sir Andrew Huxley, 
Chairman of the Medical Research 
Committee. 





AT the meeting various aspects of the 
development of innervation and muscle 
biochemistry as well as metabolic, im- 
munological and genetic aspects sf 
human muscle diseases were discussed. 

One of the basic questions addressed 
was—how does nerve leave its molecu- 
lar, footprint on muscle? During nor- 
mal development, muscle „is highly 
and uniformly sensitive to acetylcho- 
line over its entire surface. However, 
after innervation, sensitivity is de- 
creased everywhere except at the site 
of nerve contact. With denervation, 
the muscle reverts to its less differen- 
tiated state, yet the original esite of 
nerve contact remains more sensitive 
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found that a long arid narrow striplike 
cloud formation located withfn the 
equatorial regifn and’ parallel to the 
equator appeared to move differently 
from other clouds in the same area. 
This suggests that inhomogeneities in 
the upper atmosphere may exist at two 
altitude levels at least. 

Why is meteorolagy of the upper 
atmosphere of Venus so different from 
that of Earth? The syper-rotation re- 
quires an efficient high altitude thermal 
forcing, but for the Earth, the largest 
amount of available radiative energy 
is that absorbed at the surface, Could 
other planetary atmospheres exhibit 
this excess rotation? Leovy (J. atmos. 
Sci. 30, 1218: 1973) suggests that any 
atmosphere where heating tends to pro- 
duce an equatorial thermal bulge, but 
which cannot develop instabilities be- 
cause of slow rotation or large damp- 
ing, must develop an excess rotation in 
the same sense as the planetary rota- 
tion at a high level. The super-rotation 
of the Earth’s thermosphere reported 
by King-Hele er al. (Planet. Space Sci. 
18,e 1433; 1970) may be another 
example. CJ 


than the surrounding membrane. C. R. 
Slater (Newcastle General Hospital) 
described an elegant model which al- 
lows systematic study of this pheno- 
menon (work done in collaboration 
with T. Lømo (University of Oslo)). 
This involves the implant of a second 
‘nerve which requires only 3 days, con- 
tact with the muscle before it leaves 
the characteristic cluster of acetylcho- 
line receptors 4h higher density than 
the contiguous membrane. One can 
then ask what is the nature of the 
molecular cement which maintains the 
peculiar quarternaty structure of these 
receptor proteins? 

G. Vrbova (University College Lon- 
don) compared the difference in the 
chick embryo pattern of innervation 
between fast and slow muscle (that is, 
single rather than multiple synapses per 
fibre) respectively. She noted that fast 
muscle was less sensitive to acetylcho- 
line generally and has synapses with a 
larger Space constant. It is thus poss- 
ible that during normal development 
the nerves which are destined to in- 
duce fibres to become fast muscles exert 
their particular influence by depolaris- 
ing a larger area along each muscle 
fibre. 

The increasing use of tissue culture 
to investigate myogenic cell behaviour 
in defined conditions has necessitated 
single cell assays for specific gene pro- 
ducts. One such probe has been direc- 
ted against messenger RNA. K. W. 
Jones (Institute of Animal Genetics, 
Edinburgh) has isolated mRNA from 
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heavy polysomes which synthesise two 
heavy chain myosin molecules. By 
F making a labelled copyeof complement- 
-ary DNA, one can then show selective 


> binding to fixed myotubes and to the 


cytoplasm between fusing myoblasts. 
There was no binding to fibroblasts in 
the same culture. Another specific 
probe is antibody directed against the 
individual polymorphic forms of myo- 
fibrillar proteins. S. V. Perry (Univer- 
sity of Birmingham) has shown that 
antibody to a- -tropomyosin as well as 
‘that against troponin T will detect indi- 
vidual fibres in a mixed muscle, Further 
work on -tropomyosin as well as trop- 
onin I should be forthcoming. 

In the discussions on hitman muscle 
disease J. A. Simpson (Southern Gen- 
eral Hospital, Glasgow) reviewed the 
evidence that myasthenia gravis is an 
autoimmune disease. Although there 
have been some difficulties in trans- 
ferring the complete myasthenic effect 
into animals, J. Newsom Davis (Insti- 
tute of Neurology, London) and R. 
Miledi (University College London) 
have found that neuromuscular trans- 
mission can be blocked in vitro by sera 
from myasthenic patients. However, 
Newsom Davis also stated that the level 
of antibody against the acetylcholine 
receptor may not closely parallel the 
clinical status of the patients. 

There are several good reasons for 
considering the role of the cell surface 
in these diseases. P. D. Smith (Charing 
Cross Hospital, London) reported that 
patients with polymyositis had circu» 
lating lymphocytes with an increased 
affinity for intact cultured myotubes 
and a provocative single patient with 
myasthenia gravis bad a five-fold in- 
crease in preferential attachment to 
the muscle. W. J. K. Cumming (New- 
castle General Hospital) feund that 
histocompatability group BW14 was in- 


creased (P<0.001) in a group of 
patients with polymyositis. R. Yasin 
(Institute of Neurology, London) 


showed an abnormal morphology and 
behaviour (clustered cells) in cultured 
muscle biopsies from Duchenne 
patients. 

There are certain reservations as to 
how closely the mouse model of dys- 
. trophy parallels the human situation, 
but there are, nevertheless, several use- 
ful parameters which can be further 
. pursued with this system. M. R. West 
. (Newcastle General Hospital) found 
that dystrophic mouse, (dy 1) muscle 
appeared to reach a lower level of 
differentiation than normal muscle in a 
number of different culture conditions. 

The pendulum is clearly swinging 
back from the neurogenic to the myo- 
genic hypothesis of muscylar dys- 
trophy. Recent findings now show ab- 
normalities in the dystrophic muscle 





without exogenous nerve. The most ex- 
citing implications derive from abnor- 
malities on the cell surface which 
tould be linked to both intrinsic biot 
chemical abnormalities as well as a 
general defect in cell-cell signalling. 
The question remains as to why there 
should be pseudohyfertrophy of the 
muscle, that is, proliferation of abnor- 
mal amounts of interstitial cells. Cl 
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Vitamin D 
at Asilomar 
from Alastair Hay 
The Third Workshop on Vitamin D 
was held in the Asjlomar Conference 


Grounds California, from 9-13 
January 1977. The Proceedings of 


the Workshop, which was organised 
by A. W. Norman, will be published 
in full by Walter de Gruyter Co., 
New York. 





THe exact mechanism of action of 
vitamin D (D; and Ds) still remains un- 
resolved nearly 60 years after Mellanby 
reported the presence of an anti- 
rachitic factor in cod-liver oil; cop- 
siderable progress has, however, been 
made gver the past 10 years. 

It is well known that ultraviolet 
irradiatien of* 7-dehydrocholesterol in 
the skin will ultimately produce vita- 
min Ds; (cholecalciferol), but the in VIVO | 
mechanism of production is not well” 
understood. M. F. Holick  (Massachu- 
setts General Hospital, Boston) „ fas 
now sHown that the initial product 
isolated from the skin of rats given no 
treatment other than ultraviolet irradi- 
ation is previtamin Ds, thus demon- 
strating for the first time that in vivo 
the pathway is at least 7-dehydro- 
cholesterol > previtamin D; > vitamin 
Ds. 

Until a few years ago there was no 
reliable assay for the measurement of 
the dihydroxy metabolites of vitamin 
D; at the physiological level. Now, how- 
ever, there are two alternatives for the 
active hormonal form. of vitamin Ds, 
|,25-dihydroxycholecalciferol (1,25- 
YOH):D;), the assays of Brumbaugh et 
al. (Science 183, 1089; 1973) and 
Eisman et al. (Science 193, 1021; 1976). 
There may eventually be a third possi- 
bility. This was proposed by G. Jones 
(Hospital for Sick Children, Toronto), 
who demonstrated that using ultra- 
violet detectors of sufficient sensitivity, 
high pressure liquid chromatography 
(HPLC) can be used to routinely 
assay vitamin D, 25-hydroxyvitamin-D 
Q5(OH)D), and 1,25(O0H):D. Since 
there iş no specific assay for vitamin D , 
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assays only measure the concentration 
of an individual metabolite, there would 
.seem to be definite advantages to 
HPLC for these routine estimations. E 

“Levels af the metabolite 24, 25-di- p 
hydroxycholecalciferol (24,25(0H)}Də 
found in various studies still prove diffi- 
cult to interprèt. In human volunteers 
with levels of plasma 25(0H)D in the 
range 6.0-36.0 ng mi”, C. M. Taylor 
tUniversity of Manchester) reported > 
circulating levels of 24,25(0H}D; with- 
in the range 0.3-3.6 ng ml", and- the 





absence of this dihydroxy metabolite in . a 


anephric patients. J. G. Haddad (Jewish 
Hospital of St Louis, Mifsourh . how- 


ever, reported circulating 24,25(0H)D © 


levels 2-3 times those of Taylor’s, and © 
in addition, normal levels of the meta-- 

bolite in sera from anephric: patients. <. 
Since anephric patients are missing the eos 


kidney enzyme vitamin D 24-hydroxy- ` 


lase, Haddad suggests that significant 


extrarenal 24-hydroxylage was present 


in his subjects. 

Additional evidence for an extrarenal 
24-hydroxylase was provided by H. F. 
DeLuca (University of Wisconsin); his 
laboratory has observed the conversion 
of 1,25(OH)Ds; to 1,24R,25-trihydroxy- 
chofecalciferol (1,24R,25(OH)2Ds) in 
vivo in nephrectomised rats and ghicks. 
These is still some scepticism concern- 
ing the physiologic#l importance of the 
trihydroxy metabolite but. DeLuca 


reported that it is present in sufficient. — 
quantity in vivo to be regarded as sig- o 


nificant. 

The? active form 1.25(OH):Ds : 
rapidly accumylated in target tissues 
In the gut, for example, it regulates the 
transcription of the calcium binding 
protein (CaBP) gene. R. H. Wasserman 
(Cornell University, Ithaca) reported 
that in chick intestine in steady-state 
conditions—such as adaptation to*egg 
laying or calcium or phosphate defi- 
ciency—his previous data showed. good 
correlation between CaBP concentra- 
tions and galcium absorption. More 
recent data, wowever, suggest that 
another ‘vitamin D responsive factor 
in addition to CaBP is required for 
vitamin-D stimulated calcium absorp- 
tion. 

Other ‘vitamin D responsive factor(s) 
have been observed in the brush. border 
membrane of chick intestine. D..E. M. 
Lawson (Dunn Nutrition Laboratory, 
Cambridge) has observed at least: two 
membrane proteins which are synthe- 


sised more rapidly than CaBP in res- -— : 


ponse to 1,25(OH):D;. And H. Ras- 
mussen (Yale University School of 
Medicine, Connecticut) reported 
changes in the fatty acid composition 
of the membrane phosphatidylcholine 


(PC) fraction in membranes isolatéd Re 


from vitamjn-D deficient chicks treated 
with 14,25(OH):D;° compared with vita- . 
min-D deficient controls. The changes — 


itself, and competitive protein binding ° observed in the PC fractien of the 





treated chicks—associated with an in- 
creased ability ef the membrane to take 
‘up calcium—-were an jncrease in the 
@:6 fatty acids linoleig and arachi- 
donic, and a decrease dn at deast one “of 
the œ: 3 series, docosahexaenoic acid. 

~The functions of the two dihydroxy 
metabolites 24,25(OH)D; and 25,26 
(OH).D; are still far from being tg- 
solved. J. A. Kanis (Nuffield Ortho- 
paedic Centre, Oxford) suggested that 
24,25(O0OH)D, may act directly on bone 
to increase mineralisation, on the basis 
of the observation that |ugd of 
24.25(QH):D; (R+S epimers) adminis- 
tered to an anephric patient with 
osteomalacth, increased intestinal cal- 
cium absorption and rgduced plasma 
alkaline phosphatase, without causing 
an increase in plasma or urine calcium. 
Thege effects were not observed by 
A. M. Pierides (University of New- 
castle upon Tyne) however, in patients 
receiving as emuch as l6yged™ of 
24,25(OH):Ds. 

The most ignored dihydroxy meta- 
bolite of vitamin D is certainly 25, 
26(OH):D. Very little is known about 
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its properties and its iA vivo origin is 
completely unknown. That it is a sig- 
nificant metabolite in man at least, was 
@learly demonstrated by E. B. Mawef 
(University of Manchester). In vitamin 
D replete individuals the serum concen- 
trations of 25,26(0H).D and 24, 
25(OH)-.D are sinfilar, Whereas the pro- 
duction of 1,25(0H):Ds and 24,25- 
(OH).D, are governed by parameters 
such as the state of vitamin D nutrition 
and serum calcium concenteation, no 
such controls are evident for 25,26- 
(OH).Ds synthesis. 

The papers referred to were only a 
few of the highlights of this workshop. 
But they do indicate that the next 
decade should be fruitful. By the 1980s 
the functions and mechanisms of action 
of all the vitamin D metabolites should 
be known, and the impostance of I, 
25(OH):D in “phosphate reSulation 
should be determined. The answers to 
these questions should provide reliable 
therapeutic procedures for the treat- 
ment of clinical disorders such as the 
renal osteodystrophies and postmeno- 


epausal osteoporosis. me 


Minicomputers for quantum chemists 


from Graham Richdrds 


QuaNntuM chemists have always been 
major users of the most powerful com- 
puting facilities. Indeed, in recent 
years, the advances in the subject have 
followed the introduction of each new 
generation of machines and the cap- 
ability of doing the best work has, to 
a large extent, been limited to those 
with access to major computing cen- 
tres. As a result the subject has been 
dominated by a small number of groups 
and not used as a tool by more applied 
chemists to study or clarify their own 
research problems. The rapidly falling 
cost and increasing power of muni- 
computers should le&d to a radical 
change if it were possible to perform 
the massive ab initio quantum mech- 
anical calculations on minicomputers 
rather than giant number-crunchers. 
A pilot study which succeeds in getting 
the quart into a pint pot and studying 
genuinely interesting problems has 
heen conducted in the Chemistry De- 
partment in Berkeley. 

The question “are minicomputers 
suitable for large scale scientific com- 
putation?’’ was answered in the affir- 
mative by Schaefer in a paper presented 
at the IEEE Computer Society Con- 
ference held in Washington in Septem- 
ber 1975 and in the proceedings of that 
meeting the relative capabilities and 
suitability of a number ef minicom- 
puters are compared. Since that date 


memory prices have fallen and newe 
developments such as high speed array 
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processors make the use of the mini- 
computer a very attractite alternative 
to the use of expensive farge machines. 

Calculations may take of the ofder 
of 30 to 40 times as long on a mini- 
computer as they do on a large scienti- 
fic machine. However, since the cal- 
culgtions may be run overnight and 
the machine can be operated by 
graduate students or research personnel 
rather than professional operators, it 
may be much cheaper to work in this 
way. 

The molecular structure calculations 


which have been attempted using a 
minicomputer have not been limited 


to the study of simple electronic ground 
states of closed-shell molecules. The 
Berkeley group has studied the excited 
electronic states of both glyoxal and 
ketene (J. Am. chem. Soc. 98, 401. 
2689: 1976). For each of the molecules, 
some 20 excited states are included and 
details are given of geometries as wll 
as excitation energies. 

The same minicomputer provided the 
means of studying some fundamental 
chemical reactions with ab initio mole- 
cular orbital calculations. Pwo reac- 
tions involving methylene have formed 
the subject of articles in the Journal 
of the American Chemical Society (98, 
1653, 3073; 1976). For the least-motion 
insertion reaction of methylene and 
hydrogen to yield methane the transi- 
tion state geometry and = agtivation 


energy were calculated and the abstrac- 
© + 
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stake on their work. 
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tion reactions of triplet methylene with 
hydrogen and methane studied®in the 
same way. For the methane abstrac- 
tion 
the york implies that the reaction 
should not occur to a significant degree 
at room temperature contrary to 
the predictions of Dewar based on his 
semi-empirical MINDO calculations. 
Although it is still early to be sure 
that the minicomputef will lead to a 
welcome change of life for quantum 
chemists it is striking just how wide 
is the range of problems tackled to 
date with the relatively cheap form of 


computer. Not only have quantum 
mechanical calculations been perfor- 
med, but semiclassical computations, 


such as atomic scattering frogi solid 
surfaces, have also been studied in this 
way; an example being the scattering 
of hehum and neon from tungsten, the 
work of Miller and his colleagues (J. 
chem, Phys. 64, 45; 1976). 

If quantum chemistry can be made 


inexpensive enough for chemists an 
experimental research laboratories to 


ruħ their own calculations then the day 
may at last come when experimental- 
ists can run their own calculations 
routinely. This will save the literature 
being over-burdened with details of 
computations which may be directly 
interesting only to a small audience, 
and will enable practical chemists, such 
as medicinal chemists. to reap the bene- 
fit of useful calculations without need- 
ing to persuade a theoretical group to 
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A hundred years ago 






Tue total expenditure on the new 
building at South Kensington for the 
reception of the Natural History Collec- 
tions now in the British Museum is 
stated in the new Civil Service 
Estimates to have been 206,472/. up 
to September 30 last. A further sum of 
36.6501. is required to carry on the 


too small, and large sums are to be 
appropriated to their reconstruction. 


From Nature 15, March 1. 382; 1877. 
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The continental drift debate 


F. J. Vine* 






* 





The controversy within the earth sciences over the hypothesis of continental drift has been unusually 
protracted. Here Professor Vine reviews the history of the debate as recorded in the pages of Nature. 





THE name most commonly and correctly associated with the 
hypothesis of continental drift is that ofethe German 
meteorologist Alfred Wegener (1880-1930), Wegener’s first 
article on the subject appeared in 1912 and the first edition 
of his book Die Entstehung der Kontinente und Ozeane 
(The Origin of Continents and Oceans) in 1915, Presumably 
because of the first World War and the lack of an English 
translation, a review of Wegener’s book did not appear in 
Nature until 1922) by which time a second edition was avail- 
able (published in 1920). It seems probable that this together 
with Wegener’s article in Discovery in 1922*, conStitutead the 
first widespread exposure of the “Wegener hypothesis’ to 
the English-speaking world and it prompted a great deal of 
discussion at scientific meetings and correspondence in 
Nate. s 

It is perhaps instructive to ask why it was that geologists 
had paid little attention to the concept of continental drift 
before the publication gf Wegener's book, for Wegener was 
certainly not the first to suggest that the continents were 
once together and subsequently drifted apart. Several con- 
tributors to Narure in the 1920s were at pains to point out 
that Wegener was anticipated by. among others, Oswald 
Fisher (1882), W. H. Pickering (1907), F. B. Taylor (1910) 
and H. A. Baker CI9f EP): and A. A. Robb in 1930 iref. 3) 
unearthed and reproduced the reconstruction of the conti- 
nents around the Atlantic published by Antonio Snider in 
INSSS. A particularly concise and authoritative account of the 
philosophical development of the concept before 1900 ap- 
peared in Nature in 1970. It was written by N. A. Rupke 
who identified. | think, the main reason why geologists did 
not consider drift before the publication of Wegener's ideas, 
AH the earlier advocates had associated drift with a cata- 
strophic event. Even Taylor, who, quite r@ssonably, sugges- 
ted that drift might explain the formation of the Atlantic 
and Indian oceans and the young fold mountain belts, in- 
voked the origin of the Moon out of the Pacific in the mid- 
ultimate cause. Although the earliest 
geologists were well-versed in biblical catastrophism, the 
concept of ‘uniformitarianism’ or ‘actualism’, first 
advanced by James Hutton and Sir Charles Lyell in the 
early nineteenth century. gradually replaced this earlier 
philosophy so that by the turn of the century the invocation 


‘of any sort of catastrophic event to explain geological 


phenomena was something pf an anathema to all right- 
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minded geologists. Surprisingly perhaps, Wegener’s hypo- og 
thesis was the first to formulate the concept of drift within =: 
the framework of ‘uniformitarianism’, that is, by processes 
operating today which have operated slowly but inexbrably 
throughout time. 

In addition Wegener “went further than anyone before. ASS 
attempting to document the geological and geophysic&l evi- 
dence for drift, and to prov ide, albeit rether unsuccessfully, Sy 
uniformitarian ‘mechanisms whereby drift might be. taking 
place. Wegener was attacked on all three counts, on the basis i 
of the geological and geodetic evidence he invoked, and the ~“ 
mechanisms he suggested. The debate dragged on incon. 
clusively for 30yr untileeven the perspicacious Arthur 
Holmes was driven to write, in 1953 “I should confess that, 
despite appearances to the contrary? I have never succeeded _ - 
in freeing myself from a nagging prejudice against conti- 
nental drift: in my geological bones, so to speak, | feel the — : 
hypothesis tf be a fantastic one’, However, the end wasin __ 
sight: the advent of new and independent evidence sugges-~ — 
tive of drift, from palaeomagnetic studies, resuscitated the 
idea in the late fifties and early sixties, and subsequently the * 
post-war investment in marine geology and geophysics paid’. 
off in the form of providing compelling evidence for sea- 
floor spreading and hence continental drift. By the late 19605 
the vast majority of geologists ‘and geophysicists were con-- 
vinced that continental drift was a reality: it was as i 
“the dream of a great poet” (Termier’s words in 1926) had 
come true. ; 

The reviewers of the various editions of Wegener’s ‘book: 
which appeared in the 1920s seem to have suffered from 
mixture of shock. incredulity and even some initial enth 
siasm on reading Wegener's heretical ideas. The reviewe 
the second edition’ refrains from passing judgement, . 
concludes that “The revolution in thought, if the theory 
substantiated, may be expected to resemble the change in 
astronomical ideas at the time of Copernicus’. It is in 
esting to note that J. Tuzo Wilson made precisely the. sa 
analogy 45 years later following the essential confirma 
of Wegener's hypothesis®. Grenville Cole’ in a somew 
flowery but careful review of the third edition of Wegenel 
book could not decide whether to be serious or frivolou 
discussing it. On the whole he took it seriously. if only ¢ 
challenge. and in so doing made some very intere 
points. Gregory’s review of the Engtish translation of the 
third edition by J. G. A. Skerl also makes interesti 


reading’. Gregorys obviously stimulated by the boldness” si 
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the North American continent. 













| Wegener’ s ideas and maintains that they were being favour- 
y received By geologists in general at that time, an im- 
"pression which is not corroborated, héwever, on reading 
other items of this period. Gtegory,is prfoccupied with a 
possible connection befween*Asia and North America across 
_the Pacific which he deduces on palaeontological grounds. 


-Although he finds this ingonsistent with Wegener’s theory he, 


finally admits that “The original theory has undergone so 
many modifications and its author i+ so delightfully open- 
minded, that it may be changed to agreg with a trans-Pacific 
land connexion”. Indeed more than forty years later J. Tuzo 
Wilson made just such an accommodation by suggesting 
that a fragment of southeast Asia (Cascadia) was rafted 
across the Pacific and accreted on to the western margin of 
Notth A menica”. 

An early gonvert to Wegener’s ideas, J. W. Evans, writing 
in 1923", made some rather pertinent observations on conti 
mental margins. predivted largely submerged micro- 
continents and emphasised the futility of fitting coastlines 
“rather than shelf edges in making continental reconstruc- 
tions. Such a geological faux pas was committed as recently 
cas 1962 by Sir Harold Jeffreys’. In this letter Jeffreys 
maintained, as he had done previously, “that Wegener’s 

alleged fit of “South America into Africa is a misfit by 
about 15°. This is obvious on inspection of a globe”. Cam- 
bridge legend has it that it was this assertion which prompted 
Sir Edward Bullard to make his well-known and much 
reproduced ‘computer AC of the shelf edges bordering the 
South Atlantic'’. Bullard’s fit was near perfect: Sir Harold, 
of course, had been referring to the coastlines. Bullard’s fit 
is in fact virtually identical to that obtained nearly 10 yr 
earlier by S. W. Carey using an apalogue technique”. 

Carey, Professor®of Geology at Hobart, Tasmania, is one 
of a long line of southern hemisphere geologists who 
championed drift through thick and thin, largely on the 
basis of the geological record of the southern continents 
plus India which suggests that they formed a single 
super-continent--Gondwanaland*—for a period of at least 
200 Myr before 200 Myr ago. It is not surprising 
therefore to find that some of the items appearing in 
Nature in the 1920s" indicate a favourable reception for 
Wegener’s ideas in South Africa. It is also significant that 
one of these reports mentions the South African geologist 
A. L. du Toit. Alexander du Toit became one of the 
© greftest advocates of continental drift, effectively taking up 
< the banner of drift following Wegener’s untimely death on 
© the Greenland ice cap in November 1930. Ultimately du 
0 Toit published his classic text on drift--Our Wandering 
"> Continents—in 1937: and ig was briefly reviewed for Nature 
by E. B. Bailey in 1938". 
=: Of the relevant items which were contributed to Nature 
= during the inter-war period, two, | think, are gems: the 
Š written by E. B. 

Bailey in 1927", and the review of the proceedings of the 
Symposium on Continental Drift, held in New York in 1926, 
“owritten by Arthur Holmes in 1928". Bailey's account of 
“the “Princeton Summer School of Geology and Natural 
G 1927, led and organised by the legendary R. 
COM. Field, makes fascinating reading. He is obviously fresh 
-o from, and filled with enthusiasm “by, his two traverses of 
The result is a very vivid 
~ account of, and, one suspects, some very profgund comments 
“on, North American’ geology. At one point in describing the 
-geology of Pennsylvania he is so struck by its similarities 
















with the British Isles and Europe that he exclaims “It is 
as if the Atlantic did not exist or, in other words, as if 


Wegener, after all were a true prophet”. 

Holmes’s review relates bo the proceedings of the famous, 
if not infamous, mid year meeting of the American Assoc- 
< dation of Petroleum Geologists, held ine New York during 

“Novembet 1926. The meeting was subtitled “a Sy mposium 
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on the Origin of Movement of Land Masses, both, Inter- 
Continental and Intra-Continental, as proposed by $A ifred 
Wegener”. Wegener himself was Present and the North 
Americans in particular gave him what would be termed 
in their own parlance “a hard time”. In fact it is often 
said, with relatively little eexaggeration, that as a result of 
this meeting no North American geologist seriously con- 
sidered the possibility of drift for the next 40 yr. 
However, this was not true of all Europgan geologists and 
certainly not of southern hemisphere geologists, as noted 
above, Holmes himself was one of the European geologists 
who was not at all averse to drjft but was concerned that 
many of the particular arguments which Wegener used did 
his cause more harm than good. He noted that There 1s. 
indeed a distinct danger that the easy disproof of large 
sections of the Wegener hypotheses may be mistaken for 
a demonstration of the impossibility of continental drift 
as a geological process. The important issue is now not so 
much to prove Wegener wrong as to decide whether or not 
continental drift has occurred, and if so, how and “when”. 
With? the advantage of hindsight this strikes one as being a 
very profound summary of the situation pertaining at the 
time. and indeed for the following forty years. Because of 
his own prejudice in favour of drift, Holmes had the in- 
sight to pick out some of the more constructive and 
enduring suggestions made at this symposium. Thus he 
alighted on she suggestion of van der Gracht, “that there 
may have been a pre-(Carboniferous ‘Atlantic’ which was 
closed up by the Caledonian diastrophism” a concept 
which was to be formulated in much greater detail 40 yr 
later by Wilson’ and Dewey’. Again taking his cue 
from van der Gracht he states his own preference for con- 
vection in the mantle as the driving mechanism for con- 
tinental drift, this being apparent from his other writings 
at this time’. Both it seems were following the suggestion 
of, Ampferer*’ and others. Holmes goes so far as to con- 
clude that “Geophysics will not be in a position to deny 
continental drift until it has thoroughly explored the 
possibilities of conyection or other currents in a highly 
viscous substratum, and the forces set up by the anter- 
action of magnetic and electric fields” 

Several correspondents, quite justifiably, doubted the 
accuracy of the geodetic measur&ments which, Wegener 
claimed, substantiated that drift is occurring at the present 
time’. It is interesting to note that only now are relatively 
new instruments such as the mekometer, and new tech- 
niques, such as satellite and lunar rdénging, providing the 
accuracy required to make direct measurements of drift. 
Even accurate measurement and monitoring of inira- 
continental crustal movements had received scant attention 
until the institution of the international ‘Geodynamics’ 
project in 1970 and the increased interest in earthquake 
prediction of recent years. Other letters bring out the 
limitations of fossils as indicators of continental drift and 
the inconclusive and often conflicting nature of the evidence 
provided by palaeontology”. 

It is perhaps | pot surprising therefore to learn that very 
little was written about the possibility of continental drift 
between 1930 and 1960, that is, following the initial dis- 
cussion in the wake of Wegener’s book, and before the 
revival of the debate following the palaeomagnetic dis- 
coveries of the late 1950s. It is also noticeable, and 
probably significant, that the first article on continental 
drift to appear in Nature is dated 1960. Before this all the 
contributions were reviews, reports, letters, presidential 
addresses or accounts of special lectures or discussions. 
Clearly this could be a result of editorial policy but in fact 
it is true of the geological literature as a whole during this 
period. It is as though no self-respecting geologist in the 
Northerm Hemisphere was prepared to risk his reputation by 
publishing a full-length article on continental drift. 
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We are not, however, left completely without written 
records during these years: in fact two very useful sum- 
< maries of the status @f the debate were given by Watts in 
19357 and Good in 1950“. of which “the latter is con- 
siderably fess objective than the former, Perhaps one of 
the most pertinent statements nade in this period was that 
of Sir Thomas Holland commenting on du Toits demon- 
stration of the remarkable similarities between the geology 
of Africa and South America from Lower Palaeqzoic to 
Upper Mesozoic times: “If it be true that these continental 
masses. have moved horizontally in late geological times 
away from ofe another, there is no reason wy others 
should not have done so too, in spite of the circumstance 
that no completely satisfactory explanation of the mech- 
anics involved can be offered at present. Further work on 
the lines so ably undertaken by du Toit is now more 
necessary than mathematical criticism with insufficient 
quantitative data regardmg the physical state of the Earth's 
sub-crust under the continents and oceans’, 

Towards the end of the period 1930-1960 it was often 
said that southern hemisphere geologists found it necessary 
to invoke drift because of the geological record on their 
continents but that northern hemisphere geologists found 
the geological evidence for drift equivocal. Even Holmes 
seemed to lose some of his initial enthusiasm for drift as 
is apparent in thé review written in 1953 (ref. 5). I always 
found this very puzzling in that it seemed go me that the 
evidence for the former continuity and juxtaposition of 
structures, faunal provinces and even lithologies across the 
North Atlantic is at least as compelling as that- for the 
reassembly of Gondwanaland. It came as no surprise to me 
therefore to find that British geologists such as Bailey’ and 
Trueman had been saying this as much as 30 yr earher 
but that their witness had largely gone unheeded. It was 
as though most geologists and geophysicists considered drift 
to be disproved because of the inadequacy of the geodetic 
data and mechanisms that Wegener appealed to? ang the 
unacceptable historical association -with catastrophism 
which was perpetuated, unfortunately, by’ certain writers, 
weji into the 20s and 30s. Taylor, *for example, in 1926 
(ref. 27) modified his ideas by postulating the capture of 
the Moon in mid-Cretaceous time rather than its origin 
out of the Pacific byt this was still too catastrophic and 
non-uniformitarian to satisfy the geologists”, 

In spite of the fact that most geologists by the mid-1950s 
had rejected drift on the basis of geophysical and philo- 
sophical argumens. many? geologists had from the outset 
acknowledged that the ultimate test of drift must come from 
the empirical evidence. that is. the domain of geology”. 
In fact. in the event. it was very. empirical: data which 


convinced most Earth scientists of the validity of contin- - 


nental drift. but data which derived from a marriage of 
geology and geophysics. 
coveries was the development of the science of palaeo- 
magnetism, the study of the intensity and direction of the 
Earth’s magnetic field in the past as recorded in the per- 
manent magnetism of rocks. If it is assumed that the Earth's 
magnetic field was essentially dipolar i# the past, as it is 
today, then it is possible to test the hypothesis that the 
continents have changed their relative positions (except in 
the unlikely event that all relative movement has been 
along lines of magnetic latitude). If one makes the addi- 
tional assumption. that the magnetic field has been axially 
dipolar in the past as it is thought to have beerf recently. 
when averaged over thousands or tens of thousands of 
years, then clearly one can deduce the palaeolatitude of a 
particular. continental area at any given time, and its 
orientation with respect tọ the meridian. Essentially, 
palaeomagnetic results confirm the hypothesis . of conti- 
nental drift as. envisaged by Wegener and in particular 
vindicate the palaeolatitudes he deduced, on pMlaeoclimatic 


Fundamental to these new dis- ` 
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grounds, for his supercontinent of Pangaea during Permo- 
Carboniferous times, Detailed palaeogeographies and 
palaeolatitudes fop particular times, however, are still some- 
what equivocal@because of the limitations of the method. 

As Sir Edward Bullfrd is reputed go have said, “There is 
nothing in this field which could not be solved by palaeo- 
magnetism if the results were ten times More. numerous 
and the method ten times more &ccurate”. 

‘The decade of the 1960s also saw the confirmation of 
drift in terms of a sudden and spectacular advance in our 
understanding of fhe origin and evolution of the ocean 
basins. The theory which set the stage for this breakthrough 
first appeared in print in the pages of Nature in 1961 (ref. 
30). It was. presented by R. S. Dietz who termed it “‘sea- 
floor spreading’, but the idea was originally. conceived by 
H. H. Hess, as Dietz subsequently acknowledged’ Hess’s 
original article was circulated as a a ele 1960 and 
finally appeared in print in 1962 (ref. 32). Subsequently two 
important riders were added to spreading sea floor 
hypothesis by Vine and Matthews in 1963 (ref. 33) and by 
Wilson in 1965 (ref. 34). The first proffered an explanation 
of the pronounced and linear oceanic magnetic anomalies 
and the fecond an explanation of the abrupt offset of mid- 
ocean ridge crests along transverse fractyre zones. Both 
were later substantiated: the Vine and Matthews, hypothe- 
sis as a result of the definition of a geomagnetic reversal 
time-scale and the acquisition of more magnetic anomaly 
data. and the Wilson “transform fault” hypothesis as a 
result of improved epicentral locations and focal meehanism 
solutions for earthquakes occurring on the oceanie fracture 
ZONES. i 

It is probably true to say that for most uncommitted 
geologists and geoph€sicists the nst compelling and 
decisive evidenee in favour of continental drift was pro- 
vided by the data confirming the Vine-Matthews hypothe- 
sis. which were presented by Pitman and Heirtzler™ and «e 
Vine™ in 1966. The first public presentation of these results ` 
occurred at a conferencg in New York in November 1966, © 
40 vr to the month after the fateful meeting in New 
York in 1926. at this meeting alto, L. R. Sykes presented 


the new seismological evidence which provided striking 
“Sonfirmation of Wilson's “‘transform-fault” hypothesis”, 


thus providing additional confirmation of the hypotheses of 
spreading and drift. Soon after this both hypotheses were 
reformulated by McKenzie and Parker™ and- Morgan” in 
terms which became known as “plate tectonics” Thee 
concept of plate tectonics is itself an outgrowth of Wilson’ S 
transform fault hypothesis and the remarkable success of 
continental fitting at shelf edges which implies long term 


rigidity of vast-areas of the crtst and uppermost mantle. 


In spite of the fact that the continental drift debate cs È 


not set ttled to most peoples’ satisfaction until 1966 or 1967, 
_ most articles which appeared in Nature from 1960 on- 


wards are favourably disposed: towards it. This is not so 
representative of- the geological literature as a whole 
during this period but probably reflects the fact that most 
of the initial palaeomagnetic results were obtained in 
British laboratories and as a result of this many British 
geophysicists were converted to belief in the theory. In 
addition, Nature seemed to attract many of the classic 
articles which paved the way for the ultimate proof and 


acceptance of the theory. 


An articl® by Wilson in 1960 (ref, 40) provided an inter- 
esting curtain raiser to this final chapter of the continental 
drift debate. This article is doubly interesting because 
before this Wilson was in no sense a convert to drift and yet 
in. this ‘transitional’ article one can see the beginnings of 
ee en Seen nally: om to sea- pear spreading and ə 
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expansion on the assumption that the Earth was originally 
entirely covered by continental crust*’. This would involve 


a fivefold increase in volume, either since the Earth was ° 


formed or since drift way initigted. Such An idea has also 
been championed by $. We Carey and B. C. Heezen. It 
has roots which go back to the mid-nineteenth century as 
mentioned by Rupke', but has never gained wide accept- 
ance. With the advent and success of plate tectonics it now 
seems unnecessary and inappropriate do invoke large-scale 
expansion, although it has recently been revived yet again 
by H. G, Owen’?*®. 

Despite the compelling evidence which has corroborated 
sea-floor spreading and continental drift within the past 
decade certain fundamental problems regarding the 
detailed, reconstruction of Gondwanaland have persisted. 
These are, notably, the position of Madagascar against 
Africa and” whether parts of south-east Asia should be 
included in Gondwana te. In time, presumably, both prob- 
lems will be solved by further palaeomagnetic studies, and 
indeed this stage may have been reached with respect to 
Madagascar, 
southward motion relative to Africa as originally suggested 
by du Toit’. The question of the driving mechanism for 
drift and plateetectonics is also equivocal although some 
stimulating ideas have been derived in recent years from 
seismic studies of lateral heterogeneity in the mantlet?*’ 
and consideration of ‘absolute’ as opposed to relative plate 
motions’ "| , 

l thfnk it will be apparent from the foregoing that as 
regards the resolution of the continental drift debate, which 
"was clearly fundamental to so many * aspects of the science, 
geolog? stood still for essentially 40 yr, mainly it seems 
because geologists gittached greafer importance to the 
physical arguments rather than the geological evidence, It 
was as though the following remark of Eddington in 1922 
fell on deaf ears, for it could equally well have been said 
in 1962. 

“The time has gone by where the physicist prescribed 
dictatorially what theories the geologist might be permitted 
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recent palaeomagnetic results favouring a, 
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Shape and pattern specification during 
microtubule bundle assembly 


J. B. Tucker 


Department of Zoology, The University, St Andrews, Fife KY16 9TS, UK 


The ways in which control of emicrotubule packing, 
linkage, and nucleation of tubule assembly, may be 
related to the cross-sectional shaping of developing micro- 
tubule bundles are explored. 
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IN certain types of microtubule bundles the tubules are 
paeked and linked together in precisely defined configura- 
tions. Many of these bundles are called axonemes (axle- 
threads) because they run ‘along, the central longitudinal 
axes of slender cell processes such as cilia, flagella, sperm 
tails suctgrian tentacles, and the axopodia of certain 


s’ 





rhizopods', On the other hand, highly ordered micro- 
tubular axostyles and nemadesmata are situated in the cell 
bodies of certain flagellates and ciliates’. Ciliary and flagel- 
lar axonemes with the well-known nine-plus-two micro- 
tubule configuration occur in a wide range of eukaryotic 
organisms and cell types. All the other types of highly 
ordered microtubule bundles so far described have only 
been found in certain unicellular ‘organisms’ such as proto- 
zoans, phytoflagellates, and» the spermatozoa of a few 
arthropods >*t, 

These microtubule bundles are particularly suitable cell 
components for analysing control of growth and form at 
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both the molecular and ultrastructural levels. The tubufes 
are often packed in simple repeating patterns and the 
shapes and dimension? of microtubule bundles are some- 
times specified with considerable exactness. Microtubule 
bundles are two or three orders of magnitude larger than 
viruses but the highly ordered agchitecture of most tubule 
bundles seems to result. like that of certain virus coats’, 
from the self-assembly of large numbers of protein sub-units 
although only a small number of protein species gre in- 
volved. Some of the control processes operating during the 
morphogenesis of microtubule bundles are likely to be 
similar to those concerned with the deployment® of less 
compact and well ordered microtubule arrays Such arrays 
are an important feature of the organisation of most eukary- 
otic cells and are associated with various fundamental cell 
activities, including „anaphase chromosome movement. 
hormone secretion, axonal and certain other forms of intra- 
cellular transport. formation of plant cell walls, and cell 
shaping and locomotion" "*. 

Does assembly proceed along basically similar lines for 
all microtubule bundles? The following account considers 
control of assembly for several types of bundles and pro- 
vides some indication of the range of assembly procedures 
which are Itkely to operate It also indicates that con- 
struction of different types of bundles involves different 
combinations of assembly procedures For example, pre- 
fabrication of non-microtubular structures which act as 
templates seems to be required for direction of early stages 
in the assembly of some, but not all, types of microtubule 
bundles. | 


Nucleation of tubule assembly 


Two closely related" (molecular weight about 55,000) pro- 
tein sub-units, œ and Æ tubulin, self-assemble ın certain 
conditions to form microtubules'?""' The tubulesof a micro- 
tubule bundle almost invariably start to assemble*in very 
close proximity to each other in a particular céll region 
Sometimes the number of tubules which start to assemble 
ıs specified exactly’. These observatiens imply that inttia- 
tion of the assembly of each.tubule of a bundle is nucleated 
in vivo by a special non-diffusible ‘nucleating element’ 
which ıs located ın a particular cytoplasmic region If this 
were not the case, the substantial pools of tubulin which 
are present in some cells before tubule assembly starts'* " 
should almost always polymerise to form variable numbers 
of randomly oriented tubtles, and rarely form tubule 
bundles with well defined numbers of closely adjacent 
tubules orented parallel to each other The molecular 


Fig. 1 Equivalent patterns of tubule packing and I:nkage as re- 

vealed in cross-sections of tubule bundles. a, Nemadesma in the 

flagellate Evrosiphon*, b. nemadesma in the ciliate Nassula?s, 

c. axoneme tn the radiolarian Sticholonche"; d, axoneme in the 
hehozoan Raphidiophivs* 
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Fig. 2 Establishment of microtubule packing a, The nucleating 

elements (black spheres) are not precisely arianged Microtubules 

self-link into a regularly spaced arrangement b. The nucleating 

elements ale bound together to form an MTNT which deffnes 

the arrangement of the tubules before they ate connected 
together by links 


nature of nucleating elements,is unknown They differ in 
at least some detail from the ring-skaped tubulin aggregates 
which nucleate tubule assembly in vitro’’-*? because thes® 
aggregates can assemble from freely diffusible components. 
It 1s possible that the aggregates nucleate assembly of 
bundle tubules in in vivo conditions 1f they associate with 
certain non-diffusible components. If this 1s the case, it 15 
the latter which represent the effective nucleating elements 
In FIVO 

Cytoplasmic localisation of. bundle tubule assembly 1s 
achieved because the nucleating-elements are usually bound 
together and may be attached tothe surface of some other 
cell component’'** Concentrated groupings of nucleating 
elements and, matenals which connect them together have 
been termed microtubule-organising-centres (MTOCs) (ref. 
26), nucleating sites, nucleating centres. and initiating sites” 
We have adopted the term MTOC. , 


Establishment of pattern 


Patterns of microtubule gacking in tubule bundles seem to 
be established in,two main ways’ na For some bundles, 
pattern seems to*be defined by self-linkage* ^ when imter- 
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tubule links connect adjacent tubules together. Links are a 
ally peg-shaped structures with lengths of up to 40 nm 


X a 
and diameters. of'3-7 nm, They are. probably made up: of Z Ay i WY s.e, yO 
protein subunits, The nexin*-links ,of dlia are largely e Box 
x 





composed of protein stbunifs (molecular weight 150,000)", 
but no other details of the molecular composition of 
any other types of links are available. In several types 
of microtubule bundles most of the tubules are linked b 
together in an equivalent fashion so that a repeating 
lattice of tubules and links is apparentgwhen cross sections 
of the bundles are examined (Fig. 1). Such patterns may 


be established by. self-linkage (Pig.: Za). This could be @ mee a & 


the case provided that the lengths of the links,.and the 
positions and orientations at which fhey bind ‘to tubule 
wals are: precisely specified. At least some of these 
specificationg are made in certain instances". Analysis 

of axoneme assembly in certain heliozoans reveals that 

the pattern of tubule packing is established after nucleation 

of tubule assembly in a way which indicates that self-linkage 

is responsible’***, 

A distinctly different procedure seems to establish patterm ° : : 
during assembly of certain other bundles. Patterp seems to 
be determined by a pre-existing arrangement of nucleating 
elements beforé tubule assembly begins because tubules. are 
precisely positioned: when they first Start to assemble’ taer, 
An MTOC in which nucleating elements are bound together 
in a highly ordered arrangement before they initiate tubule 
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Fig. 4 A model scheme for assembly of a triangular MTNT. a, 
Schematic representation of the two types of nucleating elements 
required showing the arrangement of their biiding points which lie 
b in the same plane and can only bind to points of the same type 
on other elements. 4, Stages in the assembly of elements to form 
the MTNT on a basal body projection. Each basal body which is 





a Basal . attached to the top of a bundle has a projection (stippled) which 5 
| body bears an x binding point. An x bond can form between a basal = 
T body projection and any black element which is not already bound 


to any other element, and can also join two black elements pro- 
vided one of the elements is already bound to another black 


5 | | \ element or a basal body projection. The y bonds can only join 
O Fibrous oO | unbound or ‘free’ white elements to two other elements (black or 
projection white) which are already bound together so that two y bonds can 
form simultaneously when binding is effected. A z bond forms 
Dense ne ee T O a when both of thegwhite elements it is to connect are already joined 


sheets to the template by y bonds,- are 










assembly is -termed a microtubule-nucleating-template 





Microtubule ——. (MTNT) (ref. 28). There is no reason why such a template 

bundle should *not self-assemble from proteins coded for by 

chromosomal genes in the absence of any pre-existing 

| copies of the template; these templates need not be regarded 

. : as genetically autonomous self-replicating entities. Although 

| | oo re aa, the pattern of microtubule packing is apparently maintained 

Fig. 3 The paired micretubule’bundles of the ciliate Urotricha., a, by self-linkage as tubules grow out from am MTNT (Fig. 

i d genre tetas n ara of in i pair 2b). there may be advantages’ in assembling an MTNT to 

penons afa pair of boalieia U owa shine attachmiont io scala, Beriain types of microiubule palterns ang- fiese 
basal bodies. P aregconsidered in the sections which follow. 
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Triangular shape specification : 


The cytopharyngeal microtubule bundles (nemadesmata) of , 


certain ciliates have rather precisely defined cross-sectional 
shapes although their tubules are apparently linked together 
in an equivalent hexagonal fashion. For example, in Uro- 
tricha the bundles have cross-sectional profiles which 
closely approximate to equilateral triangles in shape. 
Furthermore, bundles are closely juxtaposed in pairs and 
their cross-sectidnal profiles are precisely oriented with 
respect to each other (Fig. 3a). The tops of each of the 
bundles in a *pair are. attached to two sheets of dense 
material which are conn@cted by fibrous projections to the 


proximal ends of a pair of basal bodies (Fig. 3b). No in- 


formation is available about the sequence of events which 
occurs during bundle morphogenesis in Urotricha but in 
related ciliates the tubules of similar bundles grow out from 
dense sheets attached to, basal bodies’. 

Specification of the cross-sectional shape and orientation 
of a,bundle is most readily accounted for in theory by 
assuming that an MTNT forms by the assembly of two 


types of nucleating elements. If the conditions* outlined in i 


Fig. 4 are satisfied assembly of a triangular template will 
proceed along the lines indicated. The steric conformation 
of the elements and their binding points must be such that 
binding always results in all y bonds projecting from the 
same side along the row of black elements, and such that 
the points on the surfaces of the elements where nucleation 
of tubule assembly starts are all fating in the same direction 
(perpendicular to the lower surface of the template which 
faces away from the basal body). If the number of black 
elements available for assembly is limited, this number will 
largely determine the size of the template even when an 
excess of white elements is present. In these conditions the 
assembly scheme is a closed one like that for the coats of 
icosahedral viruses”. The orientation of the cross-sectional 
profiles of adjacent bundles with respect to each other may 
be determined by pre-existing spatial informatton in the 
form of precise orientation of the two basal bodies and 
their projections. There is considerable evidence that 
adjacent basal bodies in the ciliate cortex are often oriented 
with this degree of precision”. , 

An important feature of the use of an MTNT in the 
situation described aove is that all the bundle tubules can 
be identical. Each tubule would be potentially capable of 
linking to six neighbours hexagonally arranged around it. 
The extent to which this potentiality is realised depends on 
the number of neighbours specified by the MTNT. The 
possibility that triangular shaping could be established by 
self-linkage of two types of tubules along the'lines suggested 
above for nucleating elements cannot, however, be ex- 
cluded. Nevertheless, it is difficult to see how two types of 
tubules bound to sheets of dense material could have 
sufficient freedom of movement to self-link and form 
adjacent bundles with triangular cross sections oriented with 
respect to each other, unless tubule positions are specified 
fairly exactly by an MTNT at the start of tubule assembly. 
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Hollow axonemes with circular cross sections 


The circular arrangement of microtubules in the axonemes 
of cilia and flagella is established at the beginning of basal 
body morphogenesis when exactly nine tubule triplets start 
to assemble in a regular circular arrangement. In Para- 
mecium the sequence shown in Fig. 5 seems to occur. The 
dense disk may be an MTNT with nucleating elements 
bound in an evenly spaced circular arrangement around its 
perimeter. It is possible, however, that links can act as 
nucleating elements in this and certain other situations. 
When, and if this ever occurs, unlike a self-linkage pro- 
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+ 
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Fig. 5 Scheniatic diagram showing early stages. in basal body 
assembly in Paramecium (ref. 41). One of the A tubules of a basal 
body starts: to assemble shortly before the other eight. A second 
and third’A tubule then assemble oñ either side of the first one 
and this sequence continues until a closed circular array has 
formed. Links connect tubules together at an early stage of their 
assembly and disappear shortly after the circular array 1s gom- 


plete. The tubules grow out from a flat dense structure which is 


initially disk-shaped and then becomes hollowed out at its centre. 
Addition of the B tubule components of each triplet to A tubules 
starts before all the A tubules have formed. | 


cedure, tubule* position is determined. when tubule 
assembly is nucleated. For example, there may be only one 
nucleating element on the disk. Each of the links. may be 
able to bind at one end at a particular orientation to certair 
points on existing A tubules and when it has done so 
nucleate assembly. of a*new tubule at jts other end. Such a 
scheme accounts for the sequence of basal body tubule 
assembly which also occurs in several other organisms 
besides Paramecium (ref. 42). In some of these othere 
organisms, however, a cartwheel structure with a hub and 
nine evenly spaced radiag spokes. is apparent before any of 
the tubules can be detected. These cartwheels may act as 
MTNTs if the tip of each spoke nucleates assembly of a 
tubule triplet’. Tubules and/or nucleating elements also 
seem to become grouped around a central non-microtubular 
structure d@ring initial stages in the assembly of some other 
types of hollow axonemes which are circular in cross 
section. For example, when assembly of tentacle axopemes 
in the suctorian Choanophrya begins, tubules take upe 
positions around a cylindrical ‘condensation centre’. This 
centre breaks down later in axoneme development when 
the circular tubule array is complete and tubules are joined 
together by links. aa 

The arrangement adopted by microtubules in spesm 
tails of the coccid insect Planococcus provides an example of 
a situation in which a rather precise microtubule configura- 
tion may be generated simply by crowding tubules closely 
together around a cylindrical structure without the assembly 
of an MTNT or very precise control of tubule linkage. 
During outgrowth of sperm tail axonemes in this and certain 
other coccids, microtubules are closely packed (sometimes 
into an approximately hexagonal array) around a cylindrical 
core of chromatin ang other dense material**”’. In Plano- 
coceus two concentric tube-shaped arrays of microtubules 
are arranged around the dense core. A curved sheet-like 
array is usufally situated. inside the completely tubular ones 
and the dense core is often slightly indented where this array 
lies against it. One way in which this arrangement could 
be established, in this case by a ‘close packing effect’, is 
shown in Fig. 6. Examination of other microtubule 
bundles also indicates that patterns of microtubule packinge 
which are hexagonal or nearly hexagonal, and certain types 
of dislocations in such arrays, may be established and/of 
maintained by @ close packing effect". The origin and 
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Fig. 6 Microtubule positioning in sperm of the coccid insect 
Planococcus citri. a, Dynamic model showing how tubules may 
be closely packed around a central cylinder of spongy material. 
Wnstoppered glass specimen tubes stand on a smooth eurface and 
are positioned fairly evenly around a cylinder of artificial sponge 
(the same height as the tubes). 6, A string lariat is tightened and the 
tubes pack closely around the sponge. ¢, As tightening continues 
two circular arrays of tubes are formed and an inner curved 
sheet-like array presses into the sponge to produce an indentation 
like that in the dense core of the sperm. d, Diagrammatic cross 
section of a sperm based on electron micrographs. Micro- 
tubules are arranged around a core of chromatin (black) and other 
dense material (stippled). 


nature of the forces which might be involved in packing 
the tubules closely together in such situations are un- 
known. 


Non-equivalent packing patterns 

More complex events than any of those considered above 
may be involved during the assembly of microtubule bundles 
in which tubules are not all linked together ingan identical 
fashion’. For example, in axonemes of centroaxoplastid 
radiolarians approximately two thirds of the tubules are 
linked to two neighbours, the others are linked to three", 
In some such instances, the number of tubules in a bundle 
is eXactly defined’. Descriptions of the assembly sequences 
for most bundles with ‘non-gquivalent’ patterns of tubule 
linkage are not yet avatlable, It is pot clear whether all the 
tubules in these bundles are identical go that MTNTs 
are fequired to establish pattern, or wlhfether pattern is 
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gerferated when tubules of two or more types self-link. 
Greater freedom of movement will be required for t&bules 
of two or more types to self-link thah when only one type 
of tubule is involved. Can tubules of two or more types be 
confined in a localised region of cytoplasm and still have 
sufficient freedom of movgment to effect self-linkage? A 
non-equivalent pattern of tubule packing seems to be 
established by self-linkage during generation of the double- 
spiral pattern in axonemes of the heliozoan Echinosphaerium 
(ref, 34). In this organism, however, tubules may be free to 
diffuse through the cytoplasm more extensively than is 
usually the case because the number, size, 4nd spacing of 
axonemes does not seem to be very precisely defined. In 
addition, the suggestion’ that relatively long-range 
allosteric interactions take place between adjacent tubules 
through their links during self-linkage raises the possibility 
that tubules which are initially identical can self-link in a 
non-equivalent fashion. ° 

More information about the molecular composition of 
nucleating elements, intertubule links and MTOCs will 


. facilitate further understanding of spatial control during 


assembly of microtubule bundles. Progress in this field is 
also impeded by our ignorance of the ways in which links 
bind to tubules. Whether they bind directly to tubulins or 
to other proteins” which may be bound to tubule walls 
is unknown. There are indications that in certain flagellar 
microtubules some of these proteins are mainly associated 
with particular protofilaments (rows of tubulins) along one 
side of each tubule. Suth unilateral protein arrangements 
may help to specify patterns of link attachment. 

i thank Dr D. H. Lynn for criticism, and the SRC for 
grants. 


Received | E October: accepted 16 December 1976, 


Sleigh, M. A in Cel Biology in Medicine (ed. Bittar, E, FE.) 325-569 (Wiley, New 
work, $973). 

Piteaika, D. R. in Research in Protozoology 3, ted. Chen, T, T.) 282-388 (Pergamon, 
New York, 1963}. 

nillips, D. M. in Cilia and Flagella (ed. Sleigh, M. A.) 379-402 (Academic, New 
York, 1974), j 

Van Deurs, B. Cell Tiss. Reg. 149, 1035-11} (1974). 

Casjens, S. & King, J. A. Rev. Biochem. 44, S5561 1 (1978). e 

Bardele, C. F. Cyrahbiofogie 7, 442-488 (19733, 

Borgers, M. &eDe Brabander, M, Microtubules and Microtubule Inhibitors (North 
Holland, Amsterdam, 1975}, 

t Hepler, P. K. & Palevitz, B. A. A. Rev, PL Physiol. 25, 309-362 (1974). 

* Roberts, K. Prog. Biophys. molec. Biot, AR 37i -4 (EITAN 

E Soer, D. dmi. N.Y, Acad. Sci. 253, 1~R48 (1975), 

Ho Laduena, R. F, & Woodward, D. O, Ana. N.Y. Acad. Sci, 283, 272-283 (1975). 

I? Borsy, G. G., & Olmsted, J. B. Science 177, 1196-1197 (1972). 

H Weissenberg, R. C. Science FIF, 1104-1105 (1972). 

‘4 Kalnins, V, L & Porter, K. R. Z, Zellforseh. mikrosk. Anat, 100, 1~30 (1969). 

iS Dirksen, E. R. & Staprans, L Dev! Riol. 46. 1-13 C1975), 

ie Morgan, J. L. & Seeds, N, W., J. Cell Biol. 67, 146-148 (1975), 

hr Ralf, ROA. & Kaumever, J. F. Dev! Bini. 32, 309-320 (1973), 

ie Stephens, R, E. Biol, Bull. mar. Biol. Lah., Woods Hole 142, 489-504 (1972), 

iY Wetsenberu, R. C. & Rosenteld, A. C.J. Cell Biol, 64, 146-158 (4975). 

“8 Erickson, H. Po Aan. N.Y, dead. Sei. 253, 60-77 (1978). 

S Olmsted, J. B, Marcum, J, M., Johnson, K. A., Allen, C. & Borisy, G. G. J, 

Supramalec. Struct. 2, 429-450 (1974). 

a Weingarten, M, D. Lockwood, A. H. Hwo, S. & Kirschner, M. W, Proc. natn. 
Acad. Sct. USA, 72, 1858-1862 (1978), 

Hepler, P. KJ. Cell Sct. 28, 361-390 (1976). 

Tilney, L. G. J. Cell Biol. St. 837-854 (19711. 

Tucker, J. B.J. Cell Sei. 6. 385-429 (1970), 

Pickett-Heaps, J. D. Crrohios f, 257-280 (1969). 

Tilney, L. G. in Origin and Continuity af Cell Oraanetles (eds Reinert, J. & 
Ursprung, H.} 222-260 (Springer-Verlag, Berlin, 1971). 

Tucker, J. B., Dunn, M. & Pattisson, J. B. Der] Biol, 47, 439-453 (1975). 

Stephens, R. EL in Cilla and Fiagellu (ed, Sleigh, M. A.) 39-76 (Academic, New 
York, 1974), 

Mignot, J. P. C. r, hehe Séanc. Acad. Sci., Paris 257, 2830-2533 (1963). 

Cachon, J, & Cachon, M. Annse Biol, 13, 9523-560 (1974). 

Jones, W. C, J. Celt Sei. 1B. 133-158 1975). 

Fujiwara, K. & Tilney, L. G, Ann. N.Y. Acad, Set. 253, 27-50 G975) 

* Tilney, L. G. & Byers, B.J. Cell Bilal. 43, 148-165 (1969), 

> Bouck, G. B. & Brown, D. L.A. Rev, PE Physiol. 27, 71-94 (1978), 

1e Dragesco, J., Htode, F. & Fryd-Versavel, G. Proristologica 10, 59-75 (1974). 

“? De Puytoruc, P. & Grain, L C. r, Séanc, Soc. Biol. 166, 604-607 0970) 

1 Golinska, K. & Grain, J. Protistolazica 5, 447-464 (1969), 

“ Caspar, D. L, D. & Klug. A. Coki Spring Harb, Symp. quani, Biol. YI: 1-24 (1962), 

4 Sannebor®, F. M, Proc. R. Soc, B E76, 347-356 (1970). 

4) Dippell, R. V. Proc. natn, Acad. Sci. U.S.A. 61, 461-468 (1968), 

32 Sonneborn, T. M. Actualités Pratoroolagigues 1, 337-355 (1994) 

t Anderson, R. O. W. & Brenner, R. M. J. Cet Riol. 80, 10-34 (1971). 

+4 Cavalier-Smith, F.J. Cel Sci 16, 529-556 (1974), 

+5 Hitchen, E, T. & Butler, R. D. Z. Zellforseh. mikroak. Anat. 144, 5973 (1973), 

46 Moses, M. J. & Wilson, M. H. Chromosoma 30, 373-429 (1970), 

4° Robison, W, G. J, Ceff Riol, S2, 66-8 3g 1972), 

48 Harris, W. F. & Robison, W. G. Nature 246, 513-8513 (1973), 

3 Bardele, C. F. Celf Tiss. Rex. 161. 85-162 £1975}, 

e Roth, L. E. Pihlaja, D. J. & Shigenaka, Y.J, Ultrastruct. Res. 30, 7-37 (4970). 

31 Dender, W. Le Granet, $. & Rosenbaum, J. L. J. Cell Biol. 68, 237-241 (1975), 

51 Murphy, D, B. & Borisy, G, G, Prac. natn, Acad. Sci, US A, 72, 2696-2700 (1975), 

33 Linck, R. W.S. Cejl Sci 20, 405-439 (1976). 


Fat 


fea 


E TR te he 


Fo tg bu pa tw 


wi OP A Et 


ae 2 


mer Tt Sat tat Fa 
wr pa wa B Ey 


ma umi iai ar “i S 
oe e 


red 


et 


® 
Nature Vol. 266 3 March 1977 








Chemical modification of DNA polymerase 
phosphoprotein from avian myeloblastosis virus 


Chris M. Tsiapalis* ee es 


+ 


Life Sciences Research Laboratories, 15094 49th Street South, St Petersburg, Florida 33707 m 





d 

Fractionation of purified avian myeloblastosis virus DNA 
polymerase, after phosphorylation in-vitro, revealed the 
presence of a small acidic protein, a phosphate acceptor 
polypeptide with high specific activity. Its presence in the 
phosphorylated form with the polymerase resulted in as 
much as a 10-fold increase in the rate of DNA synthesis. Its 
presence in the dephosphorylated form with the polymerase 
had no effect in the rate of DNA synthesis. À 
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SINCE the recognition of an RNA-dependent DNA polymerase 
(RDDP) in RNA viruses’, much effort has been expended on 
studies of its structure and function’. Two polypeptides, 
a and B, with molecular weights of 60,000 and 100,000, res- 
pectively®-*, are generally demonstrable in preparations of RDDP 
from avian myeloblastosis virus (AMV). But the existence of the 
separate components and/or interrelationships between them 
remain obscure. The work reported here has revealed a con- 
stitutent which appears in preparations of the highly purified 


300 


200 





32P_incorporated (nmol per mg pretein substrate) 


G i E ee: 
10 -20 30 
Time (min) © 

Fig. 1 AMV protein kinase-catalysed ee in the 
presence of y-3?P-ATP and. protein. substrates of viral and non- 

_ viral origin, A 20-fold standard reaction mixture of AMV protein 
kinase was prepared containing 25 mM Tris-Cl (pH 8.3), 20 mM 
MgCi,, 10 mM dithioerythritol (DTE), 20 mM KCI, 0.02% (v/v) 
Triton X-100, 0.2 mM y-3*P-ATP (475 c.p.m. per pmol), and 

- 20 pl of AMV protein kinase’*. The amounts: of phosphate ac- 
-ceptor protein per reaction were as follows: ©, 7 ug of purified 
AMV-RDDP, A, 200 ug of partially purified AMV°RDDP,; 
rT, 2,500 pg of a-casein (Sigma). The reaction was carried out at 
35°C. At the times indicated, 10-p] samples were placed on 
GF/C disks and treated as described before™, Radioactivity 
was determined in a Packard Tricarb liquid scintillation spectro- 
meter and converted to nmol pf °?P incorporated per mg of 
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*Present address: Meloy Laboratories Inc., 6715 Electronic Drive, 
Springfield, Virginia 22151. +4 


RDDP activity isolated from AMV. This material has the 
properties of a nondialysable, small, acidic phosphoprotein, 
designated 9, which can be phosphorylated by a lrighly*purified 
AMV protein kinase in vitro, Demonstration of @ is based on ` 
the separation of phosphorylated @ from purified AMV-RDDP 
by three different methods: (1) molécular sieving on Sephadex 
G-200; (2) isoelectric focusing on polyacrylamide gels, and (3) 
the use of sodium dodecyl sulphate—polyacrylamide gels. In 
addition, differences in the influence of phosphorylated and 
dephospharylated @ on the rate of DNA synthesis by the poly- 
merase are documented here. Finally, implications with respect 
to possible chemical modification of AMV-RDDP as a regula- 
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Fig. 2 Chromatographic analysis of AMV polymerase after phos- 
phorylation with AMV kinase’. At the completion of the protein 
kinase reactions described in Fig. 1, all reaction products were 
dialysed against buffer A (200 mM potassium phosphate (pH 7.2), 
0.1mM. EDTA, 2mM DTT, 0,2% Triton X-100 containing 
10°% glycerol) for 36h with four changes of buffer to remove 
y-P-ATP. 0.5 ml (a fourth of the protein kinase reactions. 
with purified AMV-RDDP as the phosphate acceptor) was sub- 
jected to chromatography by molecular sieving on Sephadex 
G-200 (1.6x60.cm) equilibrated with buffer A. Fractions of 
1.8 mi were collected and analysed for **P-radioactivity (A) as 
described in Fig. 1. RDDP activity (@) was determined after 
incubation for 60 min at 35°C of a {0-1 sample with 50 pi of 
RDDP standard reaction mixture (50 mM Tris-HCl (pH 8.3), 
0.5 mM °*H-TTP (16.6 c.p.m. per pmol), 6 mM MgCl, 0.2 mM 
poly(A),,° dT ,2-13(10:1), 40 mM KCl, containing 100 pg of 
bovine serum albumin per ml), with 50-4] samples from each 
reaction placed on GF/C disks and treated as described before”. 


tory mechanism in the life cycle of the virion and its behaviour 
in the process*of replication observed in vitro are discussed. 


Phosphorylation of 


polypeptides and separation of Ọ — 
The kinetics of the phosphorylation reactions presented in z 
Fig. 1 are expressed as incorporation of radioactivity from 
y-32p-ATP per mg of protein used as the phosphate acceptor, 
in that reaction. All phosphorylation reactions described here 
kd a 
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Separating gel 


Fig. 3 Sodium dodecy! sulphate-polyacrylamide gelelectrophoretic 
» profiles of **P-radioactivity and standafd proteins. Electrophor- 
esis in the presence of 0.1 % sodium dodecyl sulphate was carried 
out E columns (6 x 120 mm) of 15% polyacrylamide separating 
. gel, including 6% pelyacrylamide stacking gel as described by 
Laemmli®? Protein samples were precipitated at #°C by addition 
of trichloroacetic (TCA) and (final concentration 10%), col- 
lected by centrifugation (20,000g, 20 mun), washed with acetone 
@ and suspended in sample buffer. When B mercaptoethanol was 
added, samples were heated for 2 min to 100°C to dissociate 
metastable aggregates and a 0.3-ml sample was applied to each 
polymerised gel. Electrophoresis was carried out at 60 V until the 
sample passed the stacking gel, and was then increased to 120 V 
for about 5 h at 18 °C. In gels intended for stafning, the proteins 
were precipitated during | h at 60°C with 14% TCA, and the gels 
were then washed at room temperature with 10%, 5% and 3% 
TCA within 24h: These gels were then stained n'a 0.05% 
solution of Coomassie brilliant blue R-250, in a muxture of 
methanol—acetic acid—water (45:9°46) during 2h, followed by 
waghing in the same solvent until the background was colourless. 
- The gels were then placed in 9 % acetic acid to reswell, after which 
they’ were photographed and/or traced Gels intended for med- 
surement 3*P-radioactivity distribution, were sliced (collecting 
three slices per fraction) and solubilised, and radioactivity 
distribution determined as described before**.. The molecular 
weight of AM V-polypeptides Was calculated from their migration 
relative to proteins of kftown molecular weight, as described*. 
'* Upper graph, migration of 3*P-radtoactvity distribution from an 
aliquot of IEF pool ! (which ‘focused with an average pl of 
about 4) Lower graph, standard proteins; phosphorylase a 
(92,500 daltons), bovine serum albumin (67,000 daltons), oval- 
bumin (45,000 daltons), ?%P-acasein (21,000 daltons) and 
cytochrome ¢ (12,500 daltons). In addition, the distribution of ##P- 
radioactivity from an aliquot of IEF pool 2 (which focused with 

an average pI of 7 0-7.5 in association with RDDP). 


were carried out with our, most purified fraction of AMV 
protein kinase??. è l 
On the basis of values of nmo! of **P-incorporation per mg 
of protein substrate present in the non-viral apd viral poly- 
peptides examined, one of the virion polypeptides @ found in 
association with our most purified RDDP fraction displayed 
the greatest specific activity of phosphorylation (Fig ‘1° and 
ref. 12), = ge 
Fractionation, by .molecular sieving on Sephadex G-200 
* (Fig. 2), of an aliquot from this protein kinase reaction, tn the 
a presence of our most ‘purified RDP (Fig. 1), followed. by 
measurement of the distribution of. RRDP. activity, and 
32P-radioacyvity,: revealed that about 82° (Fig. 2 fractions 
, à e 
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10-25) of the total ®*P-radioactivity on thè column cojncided 
with the RDDP activity. Most of the remaining ##P-radioactivity 
eluted just behind myoglobin (fractiofis 65-75). Fractionation 
by isoelectric focusing on polyacrylamide gels!* of another 
aliquot used for gel filtration as above, followed by measure- 
ments of “the distribution.ef RDDP activity and **P-radio- 
activity, revealed that most of the **P-radioactivity-on the gel 
focused with an average pl of about 4.0. The remaining 
82P_radioactivity on the gel focused with gn average pI of 
7.0-7.5.1n association with RDDP (ref. 12). 

Isoelectric focusing of the enzyme resulted ın considerable 
losses of RDDP activity. Incomplete dissociation of @ protein 
from RDDP proteins is due to intramolecular salt link(s) 
between the phosphorylated (anionic) site(s) of ọ and neigh- 
bouring basic (cationic) amino acid(s) of RDDP a and/or 6 
polypeptides, since,in high salt.complete dissociation resulted??. 
Furthermore, in denaturing conditions (Fig. 3), complete 
dissociation of @ protein from œ and B polypeptides was 
demonstrated (see later). 

Electrophoresis of a sample identical to those used for gel 
filtration: and isoelectric focusing revealed (Fig. 3) that all 
the **P-radioactivity migrated faster than a casein and slower 
than cytochrome c (Fig. 3, upper graph). No detectable radio- 
activity was observed in the regions of the ge! where a and. B 
polypeptides from purified RDDP would be expected with 
molecular weights of about 60,000 and 100,000 respectively. 
On the basis of the distance of migration of several marker 
proteins (Fig. 3, lower graph), the phosphoprotein (@) found in 
association with purified RDDP was estimated to have a 
molecular, weight of about 15,000. Although these results 
demonstrate association of ọ with purified RDDP and complete 
dissociation of @ from RDDP, they do not exclude the possi- 
bility that @ is produced by limited proteolysis of the RDDP 
real enzyme (holoenzyme) at some time in the lfe cycle of 
virions and/or during purification!?>}*, 


e r 


Effect of in vitro phosphorylat 
and dephosphorylated @ 


Purified AMV-RDDP*was incubated for 30 min at 4 °C in the 
absence and presence of a preparation of purified phosphory- 
lated *?P-, Aliquots of each sample were then used to measure 
rates of 7H-dGMP incorporation directed by poly(C),'dGy2-14 
at the times indicated (Fig. 4a). In the presence of phosphory- 
lated ọ, the rate of poly(C), dG,._,,-directed,, 7H-dGMP 
incorporation increased as much as 5-10-fold (Fig. 4a) Addi- 
tion of larger amounts of phosphorylated p, however, inhrbited 
the rate of 7H-dGMP incorporation (results not shown) When 
phosphorylated ọ was added to purified AMV-RDDP reactions 
directed by poly(A),-dT 1.313 (Fig 46) or AMV RNA-dTy2-38 
(Fig. 4c), the rates of polymerisation increased but not as much. 
Dephosphorylated @ was made as described in Fig. 5. Most 
purified AMV-RDDP was incubated for’30 min at 4 °C in the 
absence and presence of dephosphorylated @.together with the 
controls designated in Fig. 5. Removal of P, from ọ eliminated. 
the observed stimulatory effect of phosphorylated ọ (Fig. 4). 
This is taken to mean that AMV phosphoprotein phosphatase 
has essentially aara . dephosphorylated -¢ In other 
experiments on the dephosphorylation of ọ with alkaline 
phosphatase or AMV phosphoprotein. phosphatase, incomplete 
dephosphorylation was observed (results not shown). The 
influence of phosphorylated and dephosphorylated. on the 
rate of acid solubilisation of *H-poly(A), by purified’ AMV- 
RDDP from the hybrid homopolymer *H-poly(A),"poly(dT), 
has been examined and the results will be reported elsewhere. 


Implications 

My results are relevant to sevéral questions about the nature 
of RDDP. (1) What polypeptidefs) constitute the real enzyme? 
Reported rgsults?->-45 support the notion that one of the two 
polypeptides (a) with a molecular weight of about 70,000 from 
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Incorporation of radioactivity by a 
ere fraction of AMV-RDDP in the 
absence and presence of p. 66 ng of the 
enzyme was incubated in the absence and 
presence of 2 ul and 5 yl of Q, at 4 °C for 
30.min,,and all samples were made up.,to 
12 jul? with buffer A: After 30 min gf pre- ,. 
incubation of the above ` samples, 5-yl 
aliquots were added each to d 100 ul of the 
reaction mixtures described below and 
incubated at 35 °C for the time designated. 
a, *“H-dGMP. incorporation ,directed by 
0.2mM, poly(C)n. dGisis. 1b, 7H-TMP 
incorporation’ directed by 0°2’mM poly .” 
(A) a: ST iste. The homopajymers, above, 
were at a molar ratio of 10 adenosine to ` 
| thymine, and 10 cytidine to 1 deoxy- 
guanosine, respectively. e, *H-TMP ın- 
corporation directed by 14.8 Aaso AMV 
RNA per reaction in the presence of 0.2 
mM dTizıs At the times indicated, 10-1! 
aliquots were placed one GF/C disks, 
treated, and the rates of 3H-XMP in- ' 
corporation were determined as described ,,. 
in-Fig, 2. O, AMV-RDDP activity in the. | , 
absence of ọ, A, in presence of 2 ul 9; a 
"Oo; an presence of Syl of p . 


. 
~ 


3H-dXMP incorporation (nmol per reaction) 
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AMV: Ba a proteo degradation. .product® toe from (B) 
polypeptide which has a.molecular weight of about 110,000. 
This possibility iS supported by demonstrations that animal 
viruses contain proteinase activity involved ing the cleavage of 
precursors of polypeptides (similar to those) found in the.mature 
virions!-!*, Specific proteolytic degradation has also been de- 
monstrated with several DNA and RNA enzymes in prokary- 
otes??-20, (2) Why iS the, DNA product small#°? Published 
reports’"*, show that something was missing from the enzyme 
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Fig. 5 Incorporation of radioactivity by a purified fraction. of 
AMV-RDDP, in the absence and presence of. phosphorylated and ' 
dephosphorylated ọ. Dephosphorylated ọ wae made as described 
below. 3.5 ug of the enzyme was incubated for 30 min at 4 °C as 
indicated below, and‘all samples were made up to 60 pl with buffer 
. A. After 30 min of pre-incubation, all Samal were placed in ice 
"and 10ul of edch was added to 100 ui of the standard RDDP 
Teaction mixture as described in Fig. 2, and incubated at 35 °C for 
the time designated. At the times indicated, 20-1} aliquots were 
placed on GF/C disks, treated, ‘arid the rates of 7H-TMP-incor- 
poration were determined as described in Fi ig. 2: A, AMV-RDDP 
alone; A, AMV-RDDP in presence of 7*P-o; Os AMV-RDDP 
. in presence of dephosphorylated 9; ©, dephosphorylated @ alone; 
@, AMV-RDDP in presence of bacterial alkaline phosphatase. 
. Phosphorylated ọ that had been dialysed to remove orthophos- 
phate against Tris buffer was dtphosphorylated with 20 ug of al- 
kaline phosphatase in Tris-HCl (50 mM, pH 8.0). ad MgCl, 
5 mM). Dephosphorylation was carried out for 30 min at 35 °C. 
- A sample equivalent to 5 u] of the phosphorylated 9 aad 5 ul of the 
phosphorylated ọ were used in each case. ` 
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preparations used ın previous studies. In:1972 Leis and Hurwitz 


described’ the ‘isolation and characterisation of a heat labile, 
nondialysable' factor from AMY that ‘stimulated DNA syn- 
thesis, but no further studies have’ been reported. (3) Why does 
AMV-RDDP exhibit low fidelity when copying a variety of 
polynucleotide templates? The high error rate ofe AMV- 
RDDP has been attributed to the nature of the polymerase! -- 
Mizutani and Temin™,*however, have emphasised the import 





cycle of the virion.” 
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are responsible for the high mutation rates observed!!. The 
results reported here support:the suggestion: that altered DNA 
polymerases in: the life cycle of the virion and/or during ee 
fication are’ responsible for the high ~infidelity observed!!:*4 
This possibility cgn be tested by examining the influence-of on 
the fidelity of AMV-RDDP enzyme in a cell-free systeme - 
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ance of the reaction conditions in determining error-prowe DNA ad 
polymerases i in cell-free studies, and have suggested that changes 
in ie physiological environment or altered DNA polymerases 
« = ' ' - * i : i t: * 
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Model of possible ° 
enzymatic modification of RDDP 


The model shown in Fig. 6 predicts that AMV-RDDP may 
exist in four forms at some time in the life cycle of the virion 
and/or during purification of the polymerase. This is facilitated 
by the combination of three enzyme activities--~ phospho: 
protein phosphatase, proteinase and protein kinase. Associa- 
tion of these activities with purified virions from avian 
myeloblastosis has been established (refs 12, 13, 14, 16, 27 and 
unpublighed results). Form iV of AMV-RDDP is strongly 
supported by the results reported here. @ Is the phosphate 
acceptor protein with the highest specific activity in a purified 
AMV-RDDP preparation (Figs 1-3). Whether @ and AMV- 
RDDP are ever covalently linked fAMV-RDDP form |) 
remains to be seen. THe existence of form I of AMV-RDDP is 
so attractive that it requires further experimentation. Demon- 
stration of the existence of form | will assist in the documenta- 
tion of the possible existence of forms If and HI. The results 
presented in Fig. 5 support the existence of form HI In addition, 
| have observed a difference in thé stability between AMV- 
RDDP activity in lysates buffered with phosghate (no loss of 
activity in 48h at 4 C) and lysates buffered with Tris-HC! 
(76°, lass). Furthermore, when such lysates were subjected to 
isoelectric focusing, specific polypeptides from lysates buffered 
with phosphate had fis more acidic than those observed in 
lysates buffered with Tris-HCI (ref. 37 and unpublished 
results. 

i conclude that this is due to the inhibition of AMV phos- 
phoprotein phosphatase’?* by phosphate, a potent inhibitor of 
phosphatases. Depending on the procedures used to purify 
AMV-RDDP and whether or got throughout purification and 
storage of the enzyme, the solutions are buffered with Tris-HC| 
or’phosphate buffer, the amount of phosphorylated @ may vary 
considerably and thus influence the yields, properties and 
form(s) of the enzyme isolated. There is support for this in 
several published reports? 84-47, 

In this respect it is interesting that in enzyme preparations 
buffered with Tris-HCI] throughout purification only 10-20°,, 
recovery was observed**:"!, whereas in enzyme preparations 
buffered throughout purification with phosphate, as much as 
70-90°. recovery has been reported? 37, [tis also interesting 
that studies in vitro on the infidelity eof AMV-RDDP were 
conducted with enzyme preparations maintained throughout 
purification and stored in solutions buffered with Tris-HCl 
(ref. 11). Furthermore, dephosphorylation of purified AMV- 
RDDP with alkaline phosphatase from E. coli resulted in a 
decrease in the rate of polymerisation". Similar results have 
been reported with RSV-RDDP (ref. 28). i 

| propose a model of AMV-RNA replication which may 
*account for the small size (5-105) of the products? and in- 
fidelity of replication of RDDP (ref. 1). This is represented dia- 
framatically in Fig. 7b. RDDP will replicatg only when the 

polymerase (forms If or HI, Fig. 6) is present because @ 1S 
= 


@ 


bd * 
ad e 


ë 3 Fig. 7 A model 
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AMV -ROOP Form 
(T) or (TY) 
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AMV-RDDP Form 
(IL) or (1) 
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to account for the relatively small 
size (S-10S) and unfaithful nature of the products 

observed with AMV-RDDP and other oncorna- 

viruses. a, Forms I and IV of AMV-RDDP 

(see Fig. 6) contain ọ a large oligophosphoprotein, 

which helps to maintain the template structure 

: in the replicative form during DNA synthesis. 
b. Forms II and IHH of AMV-RDDP (see Fig. 6) 
contain the dephosphorylated form of o, which 

n permits the replicative nature of*the template to 
convert into the coflapsed form, by means of 

intramolecular hydrogen bonding**. 


l * 
dephosphorylated in both these forms, so that the template 
exists in the collapsed form by means of intramolecular 
hydrogen bonding*®. In contrast, Fig. 7a shows the replicative 


eform of RNA in the presence of AMV-RDDP forms I of FV. 


This is made possible by the presence of the phosphorylated 9, 
which helps the template to remain so, while the polymerase 
makes the complete and faithful cDNA. One of the predictions 
in this model (Fig. 7a) has far-reaching implications concerning 
the size and fidelity of the polymerase product. In appropriate 
conditions, AMW-RDDP form IV. which can now be made 
available, may be able to make complete and faithful copies of 
the RNA from these virions. 

The activity of RDDP from murine and simian C-type RNA 
viruses in the presence of phosphorylated 9 increased by as 
much as 10-fold. No increase in the DNA polymerase activity 
from E. coli and Mucrococcus luteus could be detected in the 
presence of phosphorylated © (C.M.T. in preparation). A 
comparable specificity of bacterial protein factors towards 
their, homologous polymerase has been reported**. The pro- 
nouneed enhancement observed on the rates of polymerisation 
catalysed by the polymerases from avian, murine and simian 
RNA viruses in the presence of phosphorylated 9, implicates 
o as an important constituent in the replication of the genetic 
information of RNA viruses. 
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Structure of an antibody combining 


site by magnetic resonance. . 
R. A. Dwek, S. Wain-Hobson, S. Dower, F: 'Gettins, B. Sutton a J. Perkins 


T he Department of Biochemistry, Oxford University, UK _ 


D. Givol : 


The Department of Chemical Immunology, The Weizmann Institute of Scenes, Rehovot, Israel : 


The structure of .the combining site of “the DNP 


binding IgA mouse myeloma: protein MOPC 315 has - 


been determined by a combination of high resolution 
nuclear magnetic resonance, electron spin resonance, 
model building and chemical modifigations. . This 
approach yields the general dimensions of the site, its 
polarity and asymmetry features, the assignment of the 
DNP-contact residues and their three-dimensional 
coordinates. Paige 


One of the central problems an immundchemistzy. ‘is, the 
structural basis of antibody specificity, how dees such a. 
high diversity ın molecular recognition reside in what - 


seems to be a family of proteins closely related in their 
chémical structure? Recent progress in X-ray analysis of 
Fab’ fragments of homogeneous myeloma prateins has led 


to the elucidation of the three-dimensional struoture of the . 


binding site of two éantibodies. the, „human protein New 


which binds vitamin K and the mouse protein McPC 603 | 


which binds phosphorlycholine’?. From these studies it is 
clear that the residues forming the sites that are comple- 
mentary to the aftigen are contributed by the hypervan- 
able regions? (three segments of 5-10 residues each, in 
both light and heavy chain) and that replacements of amino 
acid residues in these segments will generate binding sites 
with new specificities. Such replacement will not disturb 
the ‘immunoglobulin fold’ of the variable domains which 
remain similar in all antibodies. Thus on a background of 
a common three-dimensional structure a vast number of 
specificities can be generated. This diversity in recognition 
is the essence of the immune system and therefore a com- 
parative analysis of a Jarge number of combining sites is 
required in order to provide the detait@of molecular re- 
cognition by antibodies: It is also important to develop new 
methodologies by which the structure. of -the antibody site 
can be analysed in solution .and yield information compar- 
able with that obtained from crystal studies We describe 
here an attempt to elucidate the structure of the binding 
site of the DNP binding protein 315; a mouse IgA. myeloma 
protein®, by a combination. of: high resolution nuclear 
mapnetié resonance (n m.r.) ‘electron spin resonance (e.s r.), 
model building’ and chemical modification. We:.show that 
by this approach dt is posable to. determine the general 
dimensions of the site, its polarity and asymmetry, features 
and to assign the contact residues: with the ligand, as well 
as their three-dimensional coordinates... E. Big Get 
e 


‘-chain’, 


Model building- aga basis for structural analysis 


A quantitative comparison of the tertiary structure of 
human and mouse variable domains has demonstrated that 
the immunoglobulin fold is very similar in different variable 
domains while structural differences occur predominantly 
in the hypervariable loops which comprise the combining 
site’ Hence the variable region can be regarded as con- 
sisting of a rigid framework’ to which are attached the 
hypervariable loops This provides a basis for comparative 
analysis of antibody combining sites by model building, 
which then uses the coordinates of the framework from 
X-ray analysis data of known immunoglobulins and the 
sequence of the immunoglobulin whieh is to be analysed. 
Considering the diversity of immunoglobulins and the 
impracticality of X-ray analysis of all interesting antibodies 


4 


this model building approach is an attractive way for a% 


comparative study of -antibody combining sites, provided 
the resulting combining Site and the binding of ligand to 
it can be tested by various physical methods. Some of the 
features of the combining . site of “protein 315 have already 
been indicated by Poljak on the basis of comparison with 
the structural model of protein New (ref. 7). More recently, 
Padlan er al.*, have described the model building of the 
site of ‘protein 315 on the basis of coordinates derived 
mainly: from protein 603 and using also informationefrom 


protein New. The resulting combining ‘site’ is presented in“ 


Fig 1 and is the subject of further refinement on the basis 
of the n.m r. data presented in this article. The main feature 
of 315 combining -site is its hydrophobic nature. The 
clustering of hydrophobic residues Js more extensive than in 
either protein 603 or New. The middle of the surface pro- 
duced by the hypervariable loops is dominated by a pro- 


. nounced cavity which can accommodate the dinitrophenyl 


ligand and the depth of this cavity is approximately 1.2 mm. 
Details of this combining. site. are -discussed by ‘Padlan 
et al’. At first sight it seems that'there are several dif- 
ferent modes of binding that can accommodate the ligand 
in dt We shall demonstrate both that the no.m.r. results 
dictate an unique arrangement.of the DNP ligand in the 
cavity of the proteine315:and can be. used to refine the 
three-dimensional positions of .various residues in the site. 


-We have also probed that part of the combining site, which 


binds- the side chain of DNP ligand by ‘using homologous 
series of spin-labelled haptens or alkyl phosphonate deriva- 
tives of haptens. ° . i SS oa 


Gross architecture of the combining site «+ 


‘Since - approximately: 50%, of the binding energy of DNP 


ligands to protein 315 “is contributed by the hapten. ‘side 
it is of @reat interest to study the environment of 
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Fig. 1 The w on site of MORC 315 This has been obtained from the coordinates of. Padat. et al.; which have been very kindly 
made available to us before publication. The hypervariable loops of the nea (H) and light (L) chains and the hapten binding site are 


a iz ka a P) P 5 
the combining ste in this area. To do this we have used 
two series of haptens~ of systematécally’ increasing chain 
length with magnetic resonance probes attached..One series 
consists of either six-. or five-membered nitroxide. rings 
attached to the" DNP moiety which is analysed. by theve s.r. 
spectra and the ‘other semes consists-of alkyl phosphonate 
groups attached to the DNP moiety which are analysed by 
their phosphorus n.m.r. signals 

Fhe spin label mapping procedure involves comparison 


of the observed e.s.r. hyperfine splittings with those ex- 


„ pected as a result of «different postulated motions for. the 
* spin label. An indication of the type of analyses has been 


giver ‘previgusly for DNP ligands containing a six-membered’ 


indicated., AA 


APE te +. | , ; i 
nitroxide ring’* From that study, it emerged that the DNP 
ring is rigidly ‘held in the combining site, that the depth of 
the sıte is | .J—1.2 nm and that the minimum lateral dimen- 
sions at the entrance to the site-are 0.6x0.9 nm. How- 
ever, this method-has now been extended to the analysis of 
five- membered spin-labelled haptens: with: chiral’ centres. 
Measurements of such haptens: result in separate bound 
signals from each enantiomer" and this shows that the site 


‘is asymmetric with respect to the plane of the DNP ring. 


The two enantiomers which probe different sides of the site 
are restricted differently. in their motions. Comparison of 
the experimentally measured. values of the maximum 


hyperfine splittings, A niaz with those calculated on the basis 
o 


] 
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Table f Deduction of lateral dimensions of the combining site by comparison of experimental! values of thé esr “hyperfine plitting constants 
with nose expected for possible motions of the.five-membered spin label ‘haptens as deduced from Studies of molecu ar models. 





+ 
` H 


Spatial requirements for 
this motion (nm)? 


Allowed motiont 


(abou#the bond shown) width 


N-O +40 "0.7 
DNP-NH-CH, 4 
7 ae e 
5-F-DNP-NH L eo = - 


Hapten š 





Calcigated maximum 
value of, hyperfine 


"Observed maximum hyperfine 
splitting constant 


j * splitting constant 


height for allowed motion Enantiomer | Enantiomer 2 
, ge A 
1.0 2.81 32 21 
eo, 
09 351 3,0 2:63 





* Chiral centre 
t Calculated from atomic models. 


of intrinsic allowed motions of these haptens (Table 1) 


` 
d 


lysine’. However, consideration of the geometries of the 


assuming a rigid DNP ring léads to the determination of‘ eTnp phosphonate haptens and the affinity label indicate 


precise lateral dimensions These conclusions are summar; 
ised ın Fig. 2. 


hi 


Environment of hapten side chains 


The polarity of the nitroxide radical’s ervironment can 
affect the magnitude of the hyperfine- splitting. The 
relatively, large difference in Amax between the ‘rigid’ 
enantiomers -of haptens, V (3.2) and V1 (3.0) (~ 0.2 mT, 
Table 1) 1s expected to arse from a polarity effect, that 1s 
the nitroxide of hapten V, 1s probably close to a ‘positive 
charge which results in a higher value of Ama. A positive 
charge 0. 1-0.3 nm-away from the NO and along its axıs 
could account for the difference in the values of, Aviat 
(refs 12, 13) between the two haptens,. The length, and 
geometry of hapten V would. then allow the posrtively 
charged residue to be placed as shown.in Fig. 2 Reference 
to the predicted model (Fig 1) immediately suggests that 
thfs residue must be Arg 951, since hapten V 1s rigid and 
the NO lies along the axis of the DNP ring. e 

The use of “P, magnetic resonance provides an additional 
and more powerfu¥ probe of electrostatic environment. 
Since the pK, of a phosphonate grouping is extremely 
sensitive to neighbouring charges, changes.in the ionisation 
state of "P groupings with pH can be relatively easily 
monitored by ‘obgervation ‘of the changes in "P chemical 
shifts The phosphonate grouping approximates to a 
hemisphere of: radius 0.3 nm so that by using a series of 


side chains of different lengths it 1s possible to probe’ 


different areas of the combining site for positively and 
negatively charged groups. 

The pK, values of three TNP alkyl phosphonate haptens 
(methyl, ethyl and propyl) when .either' free in solution or 
when bound to the Fv have been measured from titrations 
of “P chemical shifts (at 129 MHz). Only the TNP propyl! 
phosphonate has its pK, significantly affected, being 


decreased by 08 unit (from 7.7 to 9). suggesting the’ 


proximity of positively charged group. Using molecular 
models the extendéd length of this hapten measured along 
the plane of the TNP ring is 1.2 nm. From the dimensions 
of the site obtained from the esr. mapping studies this 
places the phosphonate grouping just beyond the entrance 
to the combining site and in a position, to interact with 
the positively charged group detected by the e.s.r: studies. 
The pK, mapping and the e.s.r mapping techniques-are 
therefore complementary and: reference to the model 
` confirms that Arg 95, .is‘the candidate for this positive 
charge in both cases. Lyse52n is another positively charged 
residue at the edge of the combining , site’ sas has been 
confirmed by affinity labelling with bromoacetyl DNP 


that the phosphonate ligands are considerably shorter and 
will not be able to interact with Lys 52s. This further 
illustrates how different techniques can be used to probe 
diferent areas of the combining. site. 

The predicted model places one (His 102n) out of the 
three histidines in the Fv fragment near the combining 
site Hus residues are particularly convenient to study by 
high resolution n.m.r. The pK, values of the three Mistidine 
residues in the Fv fragment have found to be 5.9, 6.9 and 
82 (ref 10). On hapten binding, only one His residue has 
its pK, significantly affected, the pK, being increas@l from 
6.9 to 7.2-7.4 ‘depending on the hapten side chains. The 
narrow linewidths: ‘of the His resonances of this histidine 
suggest that it is on the surface of ‘the protein and readily 
accessible to solvent.’ Reference to.the model suggests this% 
can only be His 102u This means that the pKa value of 
59 can be assigned to is 97, since we have previously 
assigned a pKa value of 8.2 to His 44,, from the results of 
paramagnetic spin label difference spectroscopy’? His 102x 


Fig. 2 The’ overall dimensions of the DNP binding site as 

determined by spin-label mapping. The two enantiomers of one 

of the five-membered spin-labelled haptens are shown Anomer 

a is rigidly immobilised but anomer `b ıs free to sa a 
restricted rotation as shown. 
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therefore ‘provides a convenjent marker of the edge of the ` l 
site. His 102x on the other hand cannot be ‘the candidate = sg’ 
for the positive charge discussed previously which is sensed ° ' 
by the spin labels and the phesphonate® groups. This is 
because the pK, of His 102m is similarly affected by various - 
DNP. ligands regardless of their length or charge. Hence T è. 
the change in His 102w pK, reflects local changes in its 
environment whereas Arg 95, interacts specifically with ° 
charged groups of the hapten which „have the appropriate . 
length of the side chain. . 


The DNP binding site aE T 
The red shift ın the optical absorbanges of DNP ligands _ ee a WE 
bound to protein 315 (ref. 5) and circular dichroism m al 


studies’® indi@ate interaction between the DNP ring and a j ee ES 
tryptophan sesidue. The complex formed between a DNP en E ID MN enara 
ligand and L-tryptophan was therefore used as a model for ° 

the DNP-Fv interaction in an n.m.r. analysis. The addition 


E a mo 3 TE. i 10 e O a 2 0 
- oe a oe a a _ 0,{p.p.m.) a 
: E s i oS Reg Fig. 4 The 270 MHz proton spectra of the Fy fragment alone 
l and in the presence of Dnp aspartate and the difference spectrum 
between the two (enlarged x 4). Conditions were (Fv) = (Dnp- 
aspartate) = 1.15 mM, pH a 6.9,-T -= 303 K (0.15 M 
NaCl). 


q a “a » + a ” r = « 
. 
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of varying amounts of DNP-aspartate'into a 10 mM solution 
of L-tryptophan’ results in upfield chemical shifts of all the 
aromatic resonance. By appropriate titrations’* estimates 
of the fully bound shifts of all the protons'in the complex 
can be obtained. These’ are in the range-0.1-0.5 ‘p.p.m. 
‘upfield. Replacing tryptophan-by any of the other aromatic 
amino acids does not result in any:-observed shifts thus 
showing the specificity of the interaction between the DNP 
hgamd ‘and tryptophan.~The upfield chemical shifts can be 
analysed ih terms of ring current interactions™>™ which 
relate the shift on a nearby nucleus to its position ‘from 
the centre’ of its-aromatic ring responsible for the shift. 
Since ‘all the’ aromatic: protons: in this system are shifted 
upfield this 1fnmediately suggests that a stacking interaction 
is occurring. Fhe structure of-the DNP and TNP complex 
is then ‘found by a’computer search ‘Which tests all possible 





Table 2. Chemical shifts (8,)* and «he change in chemical shift 
(A5) of :resonances perturbed on binding of DNP-aspartate to the 
we Fv from MOPC 315.at pH 6.9.. 





l Hapteñ- resonances E: A (p.p.m.) ’ *A8 (p.p.m.) No. of protons 
H, 918 ` — 1.68 oe ee 
z “OH, 8.36 ~ 1 2,3 ] 
He 7.04 „~ 1.3) l o>., 
” —CH,— 2.76 EO —Q0.i 
(Complex pattern with | 2.91 l —0.2 T A 
` 3 main peaks) = 2,99 ‘—0,26 ~~ Ss 
1 —CH—- a not observable ps 
Protein resonances |, 
5.9 His C2 :®°. 7.82 © 0.06 I 
— we eer . broadens out ow 
5.9 His C4 -695 —0.07 l 
piala s 6.9 ' —0.19 | 
— 6.621 0.08 ame i 
— , 6.37 0.295 2 
a -e ae 6.33 . (0175 <2 
Fig. 3 The structure of the DNP-aspartate and tryptophan : 6.16 , —0.255 2. 


Peak decreases as 


complex as deduced from ring current interactions. The two oar : . 
views are obtained from ‘a cea he search, of the possible hapten ts added 7.2 ~2 
Structures, with a separatiom between the two rings of 0.33 nm, Peak increases as 5 : 
which give calculated ring current shift ratios in best agreement hapten 1s added 742, poss. 0 22 2, 

» with the experimental values. The shifts ¿are calculated using SS SSS E 
the Johnson—Bovey equation modified: to take into account the * Positive sign is downfield, negative sign is upfield shift change. 

~ indole ring. The two views represent {að a vertical view down Measurements are made at 270 MHz, at T = 303 K and in the 
the z axis and (b) the vertical view rotated 30° about the z axis presence of 0.16 M NaCl. Shifts weré measured ‘from the sodium salt 

° ; and 60° about the x axıs. ° : of 3-(trimethyl-silyl-propane) sulphonic acid, as an external standard. 
s 
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geometries of-a stacking -arrangement of two rings? A 
closest distance of approach of the two ringstof 0.33 nm 
is assumed since this*is the distance found in‘a.-crystalline 
indole~TNP complex’. To'avoid any prdéblemsfrom altera- 
tions in the strength of the ring‘ current-interactions from 
possible charge transfer ‘and øther ‘effects the computer 


search uses the shift ratios - These ratios are then calcilated: — 


for the protons in the complex in each-geometry and. these 
are tested against the experimental values. Two yiews of 
the structure of the complex as obtained: from computer 
fitting are shown in Fig'.3 If this interaction occurs in the 
Fv-DNP-aspartate complex it would: be expected that ‘the 
n.mr spectrum: of ‘the complex should reveal. upfield 
chemical shifts of similar magnitudes (that ts 0 | -0 6pp.m.) 
for the DNP protons and of: protons from: the Trp residue 
in the Fv egment 


the difference spectråm, between” Fy.and the | 


j Ga -35 
6 
The. addition-of varying amounts. of DNP-aspartate to the 


‘Fy results in changes in the chemical shifgs of the proton 


resonances at-27QMHz from both hapten and protein. The 
initial and final&spéctra are, shown in Fig 4, together with 
l; complex. 
If the histidine resonances -are used’`as -internal „area 
markers only about 10 aromatic’ protons are perturbed on 
hapten binding. By means of d#ference spectroscopy the 
titration behaviour of all: these resonances can be followed 
and the results are given in Table~2 bi the protein, apart 
from the ‘reson@#hces assıgned .to a histidine (971, 
pKa =5 9) five. protons have e oA up- 
field. The magnitude of these shifts are very.sımılar to the 
DNP-induced ring current shifts of the tryptophan protons 
in“the- model complex It seems reasonable to conclude 
that some, if not all, of the resonances in the*protdin Which 


* 


th 


` Fig. 5 The E mbin ne site of MOPC 315 based on ihe data in this paper. The positioning of Phe 34u., Tyr 341, Trp 93, and Tyr 33° 
are obtained from ring current'calculations. Tyr 104,, can interact with Tyr 34, Some of the second layer of’aromatic residues are shown. 


The ortentations of the Papen ts such that the two - NO. groups can form H-bonds to Asn 361 and Tyr 34,. Woonemates of this penned: 


Ngn combinigg site are available on request. > i z 
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are shifted: upfield on addition of.the hapten are from a 
tryptophan and.that' the DNP ring when bound- in. the Fv 


will interact with this tryptophan: in a 'very similar manner e» 


to that shown in Fig. 3. Inspection ofthe @roposed binding 
site in Fig. 1, immediately "suggests that: this tryptophan . in 
the: Fv -is Trp 931." 

The upfield shifts of the DNP protons wien bound tö 
the Fv are far larger.than. those in the DNP-aspartate— ° 
tryptophan complex. Analysis‘of these shifts reveals: that 
it is necessary to invoke a minimum of two .additional 
aromatic residues‘to explain.the magnfude of these shifts 
One of these aromatic residues must be above and in almost 
van de.Waal’s contact. with. the H(5).and H(6). protons 
while a second aromatic residue is reqwired to account for 
the shift on the H(3). proton. Reference to model suggests 
that’ thêse tWo residues are Phe 34, and Tyr 35:. Hence 
the DNP ring is essentially enclosed in an ‘aromatic box’ 
consisting of Trp 931, Phe 34n, and Tyr 34,, ° 

The. binding of DNP-glycine to:the Fv provides the clue" 
that now allows. the orientation of the hapten in the. site 
to be fixed. The side chain-CH»-protons of : this hapten 
experience a shift of 1 p.p.m. on binding to the Fv. To® 
explain this shift it is necessary to introduce a fourth ring, 


in the vicinity of the DNP situated about 0.3 nm above the 


CH, grouping of DNP-Gly. This can only be Tyr 33x which 
occupies similar position in the model. It is interesting that 
nitration of this tyrosine does not affect the binding con- 
stant of haptens to protein 315 suggesting that the inter- 
action between Tyr 33y and the hapten is through the ring 
and not the hydroxyl. In contrast, in protein 603 an H bond 


+ 


+ 
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so*as to point out of the site in which event Tyr :104n 


will point into ut and:can then interact with Tyr 341. this is 


also compatible with 'the lack'of,any Parge change in methyl 
resonance in Fv'oh hapten binding. .. 

. Other -differences- from the predicted model. also arise 
from consideration: of a ‘segond. layer’ of aromatic residues 
For instance the protons assigned to Trp 93r are themselves 


‘ting current’ shifted upfield from the normal expected posi- 


tions ig a protein. This suggests .that. Trp, 931 points back 
into the site. where the protons of the six-membered ring can 
be upfield-shifted by Phe 98; Finally the positioning of the 
hapten allows conclusions to, be drawn abdut, possible H- 
bonding schemes The two nitro gfoups on the hapten seem 
to be necessary for strong binding and suggest some .H- 
binding interactions to amino acid side chains.. The only 
possible H-bonding groups which can interact with NO, 
groups on the DNP ring positioned as discussed above are 
Asn 36, and Tyr 34x Interestingly both these H bonds as 


‘well’ as the- involvement of Trp 93, are" on the light chain 


and may be, the reason for, a weak: binding ‘site on. light 


_chain’™ and the V. dimer” for DNP ligands The refined 


model of the combining site modified according to the data 
in this paper 1s shown in Fig. 5 and illustrate the consider- 


. able agreement with the original model However, the n m.r. 


results allow very precise positioning of the contact residues 
and given the assumptions that aromatic rings are the only 
source. of upfield shift interactions and that there is no 
motional averaging of ‘these rings, the placing of the rings 
around the binding. site is estimated to be accurate to 
+0.05 nm. 


~ 


+ 
wt 





® 4 
m4 Table 3 Comparisqn of combining Site residues which interact with hgands* 
Protein Ligand HI Bt tee H2 ies H3 
31 50 "59 99 _ 
315 DNP Ser Gly TYR Phe Trpt Asn PHE lle LYS Tyr” - Asp’'Asn Asp His — “m — Leu 
603 Phosphoryicholine Asp — Phe TYR Met GLU Ala Ser ARG’Asn .. "GLU ASN Tyr Tyr Gly Ser Thr” TRP 
New | Vitamin K Asn -—— Asp Tyr Tyr Thr TYR Val Phe Tyr : ' , ASX LEU ILE ALA — m — — — Gly 
LI ` L 
l “49 ee ee “2 ° 
315 DNP Ser Asn TYR Ala Asn = š Leu TRP Phe ARG Asx His 
603 Phosphorylcholine Lys Asx Phe Leu Ala x x x x X 
New Vitamın K GLY ASN His Val Ser , Ser TYR Asp Arg SERLEU 


* Interacting residues (italic) are according to refs | and 2 for New and 603 respectively and.from this work for protein 315. When no residues 
are marked the possibility of interacting with peptide chain backbone is not excluded. H1, H2, H3, Li and L2 are hypervariable regions of H 
and L chains. X, unknown residue due to incomplete sequence -The numbering of sequences ts according to protein 315 with homology 
maximised. We thank Professor R. J. Poljak for the, revised sequence of protein New residues 31-35, before publication ə 

t Changed from lysine after partial resequencing (D. Givol, personal communication). 


is formed between Tyr 34, and the phosphate group of the 
phosphory!-choline hapten. 

Consideration of geometry of DNP glycine then shows 
that the H(3) proton is on the opposite side of the molecule 
to the CH: Thus the H(3) proton must be over Tyr 34r.. 
while the H(5) and H(6) protons are in, van de Waals’ * 
contact with Phe 34n. Further refinement of the environ- 
ment of Tyr 34, comes from the observation of an-Over- 


hauser effect’ on the H(3) proton of the- DNP ring: Irra- ` 


diating the protein resonances in the Fv at 6.6 p.p.m. results 
in the reduction of the signal intensity of this H(3) proton. 
This implies that one or more protons on Tyr 34r (which 
have resonances at this position) are within 0% nm of the 
H(3) proton. Further the affected protons on Tyr341:,.must 
be influenced by another aromatic ring since the resonance 
at 6.6 p.p.m 
posif{ion expected for an unperturbed tyrosine residue. 
According to the predicted model this other aromatic ring 
can only be Tyr 1041 byt this*necessitates repositioning this 
residue so as to be vicinal to Tyr 341. This is only possible 
if the position ‘of Leu 103x is altered in the þostulated model 
~ 


e 
La ‘ e 


is shifted upfield by ~06p.p.m. from the ` 


K 


~e 


~ 94h 


Several interesting points emerge from the comparison 
of the combining site of protein 315 with those of protein 
New and 603. In Fab’ New-vitamin K,OH complex, the 
naphthoquinone ring of yitamin K,OH 1s in close contact with 
Tyr 90,’ (Tyr 93. in Table 3) Sequence homology shows 
that Trp 93, ın protein 315 which interacts with the DNP 


‘is homologous to Tyr 90, in New, and therefore this pro- 


_ Vides-an interesti example for a change in specificity on 


2 


replacing one, residue in the site. Note that protein 315 also 
binds menadione ın lower affinity than DNP (ref 24), but 
protein New does not bind DNP ligands. Charge interactions 
play a dominant part'in the binding of protein 603 to the 
hapten phosphoryl choline? On the other hand, another 
model building study on rabbit åntı-type- IH polysaccharide 
(BS-5) suggest clustering of the hydroxyamino acids Tyr, 
Ser and Thr and also Asn in the combining site Which can 
form H bonds with hydroxyls of the sugar ligand?’ It 1s 
clearly seen that some pattera of changes in the antibody 
binding site can be deduced from such comparative studies 
as illustrated in Table 3. 

The magfietic resonance study of interaction between 

s 
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é * 
haptens and antibody provides a functional sense to the 
structhre predicted by model building. It is possible to:assign 
interactions to residues in the site and also to determine 
their correct orientation with respect to the hapten. The 
positioning of Trp 934, Phe 945, Tyr 34, Asn 36, 
Arg 95, and other residues allows understanding of the 
specificity of binding DNP ligands to protein 315 and 
indicates that this approach when applied to other anti- 
bodies will provide information about the structural basis 
of antibody specfficity. 
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Acceleration of charged particles to 
extremely high energies in pulsar far fields 


SINCE the inception! of the pulsar magnetosphere, st “has” been 
realised that charged particles, streaming away from the neutron 
star beyond the light cylinder, would attain high energies. 
Gotdreich and Julian! calculated the potential drop Dy across 
the open field lines at the polar cap of the star, neting that this 
was the order of the maximum energy that such particles could 
attain. Dy is of order 188 V for the Crab pulsar. They estimated 
(their equation (34)), however, that the energy actually reached 
would be very much less than this. I show here that in fact all 
escaping particles will reach energies of order Dy. 

We assume that the electromagnetic field is given adequately 
by the force-free approximation**, in which particle mass is 
neglected, and then calculate the motion of charges in this field 
to first order in the mass. This leads to an estimate of the region 
of adequacy of the approximation. 

If the mass is neglected altogether, the motion is simply 

v = Us+v,B/B (1) 
where v, the component along the magnetic field B, is 
unrestricted. In force-free theory‘, the electric field, E, 1s given by 

age 
== — Vp X B 


(2) 
a 


where Yg is the co-rotation velocity 9 X r, Q being the angular 

velocity of the star. Thus the electric drift Uz is 

Ug = Ex B/B? = vg—(vg'B)B/B?* (3) 

At large radial distances, Up becomes radialt ~”, and equal to 

c (within the force-free approximation). In the general, non- 

axisymmetric case’, the far field is dominated by an electro- 

magnetic wave (of frequency N), for which E/B = c, so this 
result is clear, 


It is essential within the approximation that Up should not 
e 


9 
exceed c. The Lorentz factor Yg corresponding to Ug follows 
from (3): 


Yg? = BBB 


B= (1 —vai/c)B, +B, 


where (5) 
The derived field B is of fundamental importance in force-free 
theory*:*. We require therefore for the validity of the approxi- 
mation, that® 

B-B a 0 + (6) 
It follows from the universal spira! structure of the far field’ that 
whereas 8* decreases as r~*, B-B decreases as r-*. There 1s a 
great degree of arbitrariness at present in the directional 
dependences of the quantities, But we assume that there exists 
a class of solution for which (6) is valid. At large r therefore, 

Ye = rjr (7) 
where r; is the light radius c/Q, and F is some function of 
direction. 

To zero order in the mass therefore, the particles gain 
energy in proportion to their distances from the star. To find out 
when inertial forces will curb this process, we must calculate the 
first order ‘guiding centre drift’. This depends partly on Yp 
calculation of which in general® necessitates integration of an 
equation for dv/dt. Here, this is unnecessary because of the 
existence of ån exact integral of the motion due to Endean’, 


E = y—vp'vc%) (8) 


This arises from the requirement that the whole system be 
stationary in the co-rotating reference frame. When v is inserted 
from (1) into (8), there results a quadratic equation for v, whose 
coefficients depend on B and 8. For values of r sufficiently* 
large that (7) is adequate, the physical root of this equation, and 


38 + 


6 
the associated value of y arè approximately followed by 
equation (9): » 


O = —{o & /(sin OF ? (rim, © (9) 
TS Ye, >» A 


where 9 1s the polar angle, and o is the sign of B.. 

The calculation of the*drift ‘is (apart from straightforward ° 
relativistic extensions) standard’, We assume that any gyro- 
motion is lost by synchrotron radiation near the light cylinder. 
Drifts involving vı turn out to be negligfble because of its r=? 
dependence. (Thus the motion is eventually mdependent of 
initial conditions which appear through £.) The dominant 
drift is  @ 


ey = aE x ecru IE (10) 


evaluated, along the zero order trajectory. The corresponding 


corrected y reduces eventually to 
v : s 


1) 


where G 1s a second function of direction obtainable from, a 
given force-free model, and 6 is the small number 


Y = FC /n)+-6G6C/r,)* : 


ò = QO e (12) 


& 
where Wg, 1s a measure of the non-relativistic gyro-frequency at 
the light radius. For the Crab pulsary 5 is of order 107"! for 
electrons and 107° for protons. 

The drift approximation will fail when the two terms ın (11) 
are comparable. We ĉan only speculate on what occurs beyond 
this but it seems likely that gyro-motion will appear}, and that 
there will be no further energisation. We assume that this is the 
case. In a given direction there will be a maximum value Ym, 
and corresponding energy Km, at a distance rm where 

i= RS  , (13) 
Ky/me* = Ym = I /8, 


where, roughly, R = F/|G| and F œ% 2F°/ |G|. Wẹ assume that 
the field falls as r~? from the star to the light radius, thence as 
r~, Tf the stellar radius and field strength are R,x 10 Ky, and 
B,x 310° T, respectively, then 


rm R = eQRs°Bs/mc* = 6x 107% QOR,*Bs pe (electrons) 
‘== 3x 107* QR,3B, pc (protons) 
Ky /v a eQ? Rs Be/c = 4>,10U: QR? Bs Y 

Ky, has the same order as the @,, of Goldreich and Julian}, 
and is about 2x 101! V for the Crab pulsar. The field at ry 1s 
such that the non-relativistic gyro-frequency is comparable 
with Q. This is of course expected where the drift approxima- 
tion breaks down It is much larger than any possible inter- 
stellar field for protons, but for slower pulsar periods of order 
l s, it is of order 10-1? T for electrons. Electrons therefore, may 
be lost from the system before attaining their maximum energy. 
The distance rm would seem to be well: within the surrounding 
nebula of any pulsar. ` ° ' ‘ 

A rough estimate of the flux of energy from the system carried 
by the particles yields a figure comparable to the dipole radia- 
tion rate. Again then, it 1s clear that the approximations break 
down at rm, and that a self-consistent approach must replace 
the force-free approximation at such distances. 

Finally, the loss of energy AK due to radiation reaction during 
the*motion is negligible. This is basically because particles are 
travelling at the speed of light yn straight lines. Using standard 

formulae” it is readily shown that the ratio AK/K,, is of order 
Nt, where t, is the classical radiation time: scale 10~ =a g 
(electrons).' Thus AK is completely negligible. 


(14) 
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` further details of the process, and’ the “breakdown gor the 
force-free approximation will appear, PONET: 


R. BUCKLEY 


University of Oxford, 9 Lae 
Parks Road, Oxford; UK E 


Receiyed,8 November 1976, accepted 19 January 1977 


1 Goldreich, P & Julian, W M. Astrophys r; 7 869-880 (1969). 

2 Endean, VG Astrophys. J 187, 359-360 (1974) 

3 Mestel, aL Astrophys. Rie, Sci 24, 289-298 (1973) 

4Scharlenfann, E T. & ner, R. V | Astrophys’ J 182, 51-960 (1973). 

5 Michel, F C, Astrophys J E187, 585- 1974). $ 

6 Buckley, R Mon Not R astron Soe 1 ade (1976) 

7 Buckley, R. Mon Not. R. astron Soc. (um the press) 

t Clemmow, P C. & Dougherty, J P Electrodynamics of Particles, and Plasmas 
106 (Addison-Wesley, 1969) 

9 Endean, Y. G Mon. Not R. astron, Soc 158, 13-22 (1972). 

10 Clemmow, P, C & Dougherty, J. P Mon. Not. R astron Soc 158, 105 a 

11 Clemmow, P C & Dougherty, J, Mon Not, R. astion Soc. 158, 131 ' a972 


t 
+ 





Redshift effecton-the  -. 5 
timescale of quasar radio variability 
Ir has been suggested (ref. 1 and McCrea (J.A.U. Symposium 


- No. 63,.1972)) that the radio or optical variability of quasars 


should be related to their redshifts. If the latter originate from 
the Doppler effect, or are gravitational, the observed fluctuation 
rate of the radio or optical emission should also be redshifted, 
that is, slowed down, in pfoportion to 1+-z, where z is the usual 
redshift factor. Medd et al.; measuring quasar. flux densities with 
the Algonquin- telescope, attempted :to detect this effect by 
plotting the frequency-of maxima occurrence in the flux-density 
curves against z but obtained an inconclusive result. Scargle* 
also analysed the Algonquin observations, using the half-width 
of the autocorrelation function of the flux-density curve as a 
measure of fluctuation rate. Again, the results show considerable 
dispersion, but Scargle argues that regression analysis supports 
the éxpectéd-relationship. We present here a preliminary version 
of an‘analysis based on the power spectrum of the flux-density 
curves, which establishes ‘the expected result. y 

Our analysis 'was restricted to the 42:8 cm aeasurenfents 
(ref. 1 and B® H. Andrew and G. ‘A. Harvey, personal communi- 
cation) of the:33 identified quasars in the Algonquin sample for 
which redshifts were available. The d&ta covered periods of 
74-110 months between 1966:5 and 1975.7, a month being 
defined as 1/12 yr. The record lengths ‘are’ variable, therefore; 
moreover, they contain gaps and the ae are not equally 
spaced i in time. 

' The data were’ R E to meee equally-spaced 
samples at |-month intervals by a weighted linear interpolation 
(convolution); the convolving function was triangular, with a 
base of 6 months. (This has a significant filtering effect on the 
power spectrum which was subsequently corrected.) Where the 
gaps were too wide to use this function, the data were inter- 


‘polated linearly The d.c. component of the record, and any 


linear trend, were removed by fitting a straight line in a least- 
mean-squares sense ' A cosine taper was applied'to 10% of the 
record length at each end, and all records were converted to a 
uniform length of¥28 months by adding zeros at the end. The 
resulting records are 128 samples long, appropriate for applying 
the Fast Fourier Transform. The transformation results in 
spectra which are tabulated at intervals of 1/128 = 0.00781 
cycle per month. The spectral amplitudes were then squared 


to arrive gt the power spectra of the flux-density curves. 


A typical spectrum is shown ın Fig la. At frequencies <0.01 
cycle per month, a finite record length coupled with the absence 
of d.c. power biasses the first three points downwards. At high 
frequencies the spectrum consists orily of- noise, representing the 
original measurement errors in the flux densities Between these 
extremes is a regime where InP falls approximately linearly with 
frequency, spown more clearly in Fig. 1b All 33 quasars have a 


. similar form of spectrum, though noise makes the similarity less 
2 
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clear-cut for those which vary weakly in comparison with, the 
flux heasurement errors. Attention was therefore restricted to 
those 13 quasars for which the s.d. of the time-series record , 
exceeded that of the quoted measurement- errors? by a factor 
of 1.7, which corresponds to a convenient break in the distri- 
bution of s.d. ratios. 

If the variability spectrum of a given quasar could be measured 
for a redshift z = 0 then at a finite redshift z, the effect on the ẹ 
spectrum would be to steepen the slope dUinP)/df by the factor 
1+z. A plot of Slope against 1—z for different quasars might 
also be expected to show this relationship, provided the disper- 
sion in variabdity rate from one quasar to, another, is not so 
strong as to obscure it. © = 

For each quasar, the slope was measured by computing the 
average values P, and P, of P over the frequency ranges 0.0117- 
0.0508. and 0.0508-0.0898 cycles per month, and forming the 
quantity (InP,--InP,)/0.0391. The averaging ranges were 
chosen as a compromise, between a wide range, which would 
give a good estimate of the slope, and the necessity to restrict 
the measurement to that part of the spectrum having a high 
signal-to-noise ratio. The results are plotted in Fig. 2. There is 
clearly evidence for a correlation in the expected sense. ° ” @ 
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Frequency (cycles per month} _ 
Fig. 1 Power-spectra of the radio flux variations of CTA 26, 
corrected for the filtering effects of the convolving function. The 
ordinates are the natural logarithms of the power spectral density 
P, in units of Jy? (cycles per month) `>. a, raw spectrum at a 
resolution of 0.0078 cycles per month. b, spectrum smoothed by 
averaging in groups of four points. * 
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df 








z). The full line is a regression 

to pass through the origin. The 

dashed line is not so constrained. The Io confidence bars are 
derived from the y? distribution of the spectral estimates. 


Fig. 2 Plot of d(in P)/dfagainst (I ~ 
of y on x which is constrained 


* 

Assuming that the time-series are random and not deter- 
ministic, and that they are noise-free, spectral estimates will 
follow a x? distribution. Since the data were éelected to have a 
high signal-to-noise ratio, this will be very nearly correct. Con- 
fidence limits of Io have been computed (Fig. 2). The assump- 
tion of randomness is crudely verified post facto as the x? | 
estimates seem © be consistent with the observed scatter in the 
spectra. al 

Figure 2 shows a correlation in the expected sense between 
the spectral slope and the redshift, and the value of the corre- 
tation coefficient is computed to be 0.88. It is, howeveredifficult 
to set a proper confidente limit on this result, because the usual 
tests are base on a normal distribution of errors in the data, 
which is not the case here. Nevertheless, we have assumed 
normality, to set a rough confidence limit on the result, ang 
assumption which finds crude justification in the central jimit 
theorem?. The correlationcoeficient is then significant at a level 
much lower than 1%. 

Although the correlation is significant, the expected pro- 
portionality between spectral slope and (I~ z) should cause 
the regression line to pass close to the origin. In fact, its intercept 
on the y-axis is — 26.6, but the significance of this departure is 
only 7%% (again assuming normality) so the fact that the re- 
gression line does not pass through the origin is not very 
significant. The regression of y on x with the line constrained 





velocities (or gravitational potentials). 

An interesting inference from Fig. 2 is that the intrinsic spread 
_of quasar variability rate (at a given redshift) is low, at most ol 
the order ef 3, and presumably lower if the effects of the x’ 
variance were reduced, by accumulating longer records. This 
suggests that variability rate may be a useful parameter fo! 


«cosmological investigations, assuming. the redshift is cosmo 


logical, and could be used, for instance, to measure redshift 
as a function of cosmological epoch. — $ 

The exponential power-speetrum of quasar variability can bé 
useful in considering the astrophysics of these objects. If the 
form of the spectrum is P = Ae~*!, then the mean value of | 


# 
> 
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can be deduced from Fig. 2 using the value of the ordinate of 
the full regression line for z = 0. We obtain Á 33.3 (cycles 
per month)~', implying that most of the variations take place 
at frequencies < k~ = 0.03, cycle.per month.® 

Further work clearly depends on acquiring more data, and on 
minimising the effects of errors on the present data. The number 
of points in Fig. 2 could be more than doubled if the 20 weakly- 
variable quasars in our original sample could be used. 

We acknowledge the cooperation of Mrs Gladys Harvey, 
Dr B. Andrew and Dr J. MacLeod of the Canadian National 
Research Council in making their recent dàta available. 
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Whistlers recorded at Varanasi 


a 
THE sudy of low-latitude whistlers dates back to the 
pioneering work of Japanese scientists. The whistlers were 
first recorded at Toyokawa (geomay. lat., 24.5°N)', and 
later efforts were made to record them at lower latitudes, 
The first successful records of whistlers in India were 
obtained at Gulmare ~geomag. lat., 24° 10'N) by Somayajulu 
et al.*. Recording was later carried out at Nainital (geomag. 
plat.. 19°1’N) and whistlers with comparatively lower dis- 
persion and reduced rate of occurrence were reported’ ’. 


Fig. 1 Sonogram of whistlers recorded at Varanasi. a, 0026, 7 April 1976, short whistler: b. 
2242°4 April 1976, whistler with high dispersion. A model UHER 4400 Report stereo tage 


č, 0039, 7 April 1976, twh whistler: d. 
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Unsuccessful efforts were also made to record whistlers at 
Varanasi (geomag. lat., I5°6°N). Analysis of the low 
latitude whistler records by Rao etal.” showed that the 
low-latitude whistler cut-off lies around 15° latitude, and 
apparently provided the reason for the non-recording of 
whistlers at Varanasi. Using an improved system, we have 
succeeded in recording whistler activity at Varanasi, and 
we describe here the categories of sonograms recorded in 
April, 1976. k 

It is well known that the global thunderstrom activity is 
at a maximum at the temperate latitude and decreases with 
increasing latitudes’. The parameters or méchanisms con- 
trolling the guidance of thunderstorm-generated low- 
frequency waves are less effective at low latitude, however, 
which seems to reduce the occurrence of whistler activity. 
The combination of these two controlling factors maximises 
the rate of occurrence around 50° geomagnetic latitude and 
results into a low-latitude whistler rate cut-off. It is obvious 
that the sporadic redistribution of thunderstrom activity 
and so-called enhancement factor controlling the guidance 
of whjstlers at times changes the latitude of maximum 
occurrence rate of whistlers and shifts the low-latitude 
cutoff to still lower latitudes. 

The interpretation of such a low-latitude cutoff seemed 
artificial and efforts to record whistlers at Varanasi con- 
tinued, using an improved antenna system and preamplifier. 
The recorded sonograms (Fig. 1) show much noise with very 
distinct causative atmospherics. The whistler activity at 
Varanasi showed highest Sccurrence rate during the months 
of February—April, 1976, and generally occurred in the 
post-midnight hours. They can be classified into four dif- 
ferent categories. Figure la shows a single trace short 
whistler with distinct causative atmospherics; the dispersion 
is 12 s'*. Figure 1b shows a feeble trace of banded whistler 
with almost similar dispersion features. The bands at lower 
frequencies sare very clear, but are not distinct at higher 
frequencres. Figure Ic depicts two causative atmospherics 

. 


0106, 4 April 1976, banded whistler: 


recorder provided the continuously recorded sonograms. 
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and gives an inital. impression of multiflash, but dispersion 
analy$s showed this to'be a short twin whistler,” Multiflash 
whistlers.have not yeb been recorded at, this, station. The 
dispersion, feature,-is almost.similar -to` that..shown in 
Figs la and b A curious but frequent. trace, is shown in 
Fig. ld, where only a. part of the trace in the low-frequency 
region (2-4 kHz) 1s seen and the high-frequency part-of the 
trace ‘does not appear The extrapolation- of the, trace and 
the location of: causative atmospherics shows a compara- 
tively large disptrsion- of 25s'% The mon-appearance ,of 
high-frequency ‘part in this sonogram associated with: this 
higher dispersien‘ ıs capable of revealing ‘certain agiditional 
‘features of,,low-latitude propagation path...To our know- 
ledge-such records have not'been reported either at high- 
or low-latitude stations. The non-appearance of ‘the trace at 
frequencies higher .than.4kHz is related, either, to the 
enhanced -.absorption~or.'to::poor guidance of whistlers 
Examination: of the songgrams shows that such traces are 
often seen before or after the formation of banded whistlers 
(Fig 16 and d). It therefore seems less probable that the 
enhanced average absorption of the propagation path is a 
likely cause of .absence of high-frequency, trace. of the 
sonogram At the first glance the absence of high- frequency 
trace-.can be visualised as ‘a particular: case of banded 
whistlers which are beheved to be somè manifestation of 
shape, size and movement of ionospheric regularities’. A 
detailed dispersion analysis of these sonograms is now being 
carried out to study various ionospheric *and: magneto- 
spheric’ features. ° 

We thank Dr K. D Misra, Sri B D. Singh ‘and Sri 
Rajendra Prasad for assistance. One of us (Lalmani) thanks 
the Council ‘of Scientific and Industrial Research, New 
Delhi for a semor fellowship. 
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Argon degassing models of Mars -> | o. 
On July 20, 1976. Viking I lander, madéon soft landing on 
the martian surface: Atmospheric pressure, gecorded on the 
surface by the dander was 7.7 mbar and main constituents 
of the atmosphere were 95% CO., 2-3% Na, 1-2% Ar and 
T 4% O (ref. 1), The (“Ar/**Ar) isotopic ratio, was 
2,750 +500 as measured by a mass spectrometer' ‘This high 
‘isotopic ratio suggests an’ umque' history for the’ evolution 
of the martian atmosphere. The, possible mechanisms of 
argon dégassmg models “of | _Mars’ are discussed here Sony 
Since the decay of radioactive vK produces, “Ar, the time 


variation of (“Ar/**Ar) isotopic, ratio in a closed - ‘system ` 


can be determined, by, tw¢ initial, ratios, (ARF “Arn and 

C*Ar/K)s For the, -present case CALAT at the time ‘of 

the, Planetary formation is considered to be ~very | small 
1 @ 
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narrow the range ' Tyrekian’, 


Isotopic ratio (*°Ar/*8Ar), | 
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Fig. 1 ‘Time variation of (Ar/38Ar) isotopic ratio in a, Closed 

. system as a function bf initial (*Ar/K) ratio. Two arrows 
/ indicate. the isotopic’ ratios im- terrestrial and martian atmos- 
, pae ‘Estimated ranges, of the inital (**Ar/K) ratio for Earth 

oie t and Mars are shown in the lawer part. . 


T! 


(~10-y from the, theory of nucleosynthesis’. 
Initial (*Ar/K) ratio uniquely determines the later (°Ar/*Ar) 
ratio within the planet. The time” variation of the isotopic 
ratio (“Ar/**Ar) as a function of the ‘initial (*Ar/K)o ratio 
is shown In Ff. 1. Observed @°Ar/*Ar) ratios in the 
terrestrial and the martian atmosphere are. indicated by the 
arrows in the figure. 

The pres@nt isotopic ratio ‘ArPAD : in nthe atmosphere 
depends on the degassing history of Ar from the ‘planetary 
interior, so these observed atmospheric values cag not 


` determine the initial CfAr/K)o ratio. The possible range of 
the ratio, however, can be’ inferred ' from: the observed 


isotopic ratio. If we assume the atmospheric Ar is degassed 
fraction ‘from the planetary interior, the : (“Ar/**Ar) 
ratio in the interior should be” greater than the atmospheric 
value This gives a maximum estimate for the initial 
C*Ar/K)o ratio. For the Earth this value is about 45x10”. 
For,the minimum -estimate, of (*Ar/K)o,, we can, assume 
sAr has completely degassed to the atmosphere. This gives 
a value of 6X10% for the Earth with a chondritic mantle. 
The same argument suggests a possible range, 2x10""< 
C°Ar/Kn<4.5X 107% For “Mars. ‘These estimated. possible 
ranges are shown in the lower pant of Fig. I 

Assumptions on the degassing model of Ar are needed 6 
assuming a, first-order rate 
process for Ar, degassing, obtained the degassing Tate con- 
stant from, the abundance of “Ar in the terrestrial atmos- 


phere. Using his result and the atmospheric WAT abundance, 


the mitial C*Ar/K)a ratio is estimated to be about 3x 107 
Although ` he, assumed a chondnitic Earth (K content 


, 880 -p p: m), the mutual ratio is almost independent of the 


assumption ọf K content in, the ‘Earth Ozima* conciyded 


> Initial’ catastrophic and later, continuous Ar degassing model m 


from the suggested high, CAL*AD aT ratio (more than 2 ,000) 


„in the ' present mantle: . This model requires a smallere 


C*Ar/K) ratio ¢han the continuous degassing, model, The 


Hence qhe L 


42 
è 
continuous degassing model for the martian atmosphere 


gives a value of 3X10 for the initial (*°Ar/K) ratio, 


This analysis of the Ar degassing , model Suggests ae 


smaller (*Ar/K)n ratio for Mars than fog the Earth. This 
implies a higher content bf K Anńd/of a lower ‘concentration 
of “Ar in the whole of Mars than in the Earth. Physical 
adsorption ıs the only known. quantitative explanation of 
planetary primordial rare gas in chondntic meteorites® 
size of the adsorbed fraction 1s very sensitive to tem- 
‘perature condition and uncreases as temperature decreases. 
As Mars ıs further from the Sun thar®the Earth, and con- 
isidering the pre-planetary history of the solar nebula’, it 1s 
probable that Mars is at least as nch in original volatiles as 
the Earth It seems likely ‘that the K content of Mars is 
‘similar to that of normal chondrites’ (900 p p.m.). Even uf 


` we” astime “hat the atmospheric Ar on Mars consists of 


very recent degassed fraction from the interior, the required 
K, content of Mars 1s about 1,200 p.pm An even higher K 
content | is necessary tò explain the apparent stational 
volcanic activity on the martian surface’: 


To overcome this difficulty, we must assume ‘that! "Ar . 


(and probably other volatiles) escaped from the martia 
region during the geological history of Mars This escaping 
mechanism should operate in the early stage of, the evolu- 
tion of Mars, ‘where (Ar) 1s more abundant than (Ar) 
The explanation,of the chemical composition of the planéts 
by the condensation theory’, requires that the- solar nebula 
escapes from the inner planetary region at ethe early stage of 
the sglar evolution This process-may contribute to remove 
the initially degassed volatiles, from Mars Although, the 
above. discussion..1s based-on the atmospheric content of Ar, 
the degassing history of volatiles closely related to the dif- 
ferentiation process in the planet, which canbe inferred 
from petrological sfvestigations of surface gocks as studied 
for the Moon’ 

If- such investigation reveals an early large-scale dif- 
ferentiation of Mars, the, above conclusion would be 
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Conductivity dispersion 
in single-crystal B-alumina electrolyte ` 


WE report data which demonstrate the existence of a con- 
ductivity dispersion in single-crystal B-alumina and, we believe, 
for the first time, a distribution of corftluctivity relaxation times 
In any single- crystal tonic conductor’ A cylindrical boule of 
high quality Na P-alumina grown “at Union, Carbide was 
supplied to us by Rodit: International Corporation. Figure | 
shows the frequency- dependent conductivity of this crystal’ in 
the range 10+-10° Hz, measured at various subambient' tem- 
peratures (for details of the apparatus see refs | and 2) At 
nofmal temperatures, “electrode effects produce an apparent 
dispersion In conductivity’ _ At these lower temperatures, how- 
ever, the dispersion seems to be gn intrinsic property ‘of the 
bulk material since it starts at frequericies which are rélated to 
the tevel of fhe dc. conductivity (J> o/2ne9'-} as indicated by 
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arrows in (Fig H- This beħavtour closely resembles the dielectric 
‘behaviour which has been studied in silicate and other gidsses?-+, 
The dispersions ‘in -conductivity*cannot be accounted for in 
terms’ of the conventional (Debyé) theories of dielectric ‘loss, 
indeed, the departures’ from Debye behaviour are probably 
more marked in single- -crysigl B- Sine than in many vitreous 
electrolytes ‘ : 

' This result can be interpreted in terms of a broad distribution 
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-of conductivity relaxation, times, which' could plausibly be 


related to the random distribution of soditurfYiions over distinct 
crystallographic sites within the conduction*planes‘(as revealed 


for exameplé by recent X-ray and neutron diffraction studies)’ $ 


These studies: have shown that a?- +90 K, sodium ions are 
localised at three distinct sites, but with increasing temperature 
there 1§ Increasing ‘cation.mobility, and-by 620 K-the disorder 
resembles that of a two-dimensional fluid. The details of this 
picture have been confirmed by NMR‘ spectroscopy’. but of 
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Fig. 1 Frequency-dependent conductivity of single- shia R- 
‘alumina at 77K (@), 87K ( ). nes ( ) and 143K (0) 
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special iain to this discussions it should be noted that the 
existence of a ‘wide distribution tn ton jump frequencies’ was 


‘postulated,"to Account for’ certain aspects Of the ‘data ` The 


conductance dispersion which we have observed would then 
follow directly from a model involving sequential hopping of 
ions over the different crystallographic’sites 

It'is-also possible, however. to place a‘ different interpretation 
on these data Tn” Fig |. it ts apparent that at low temperatures, 
the high- -frequency or ac. conductivities ‘fit a “universal law’ 
which’ has been described *by Johfaschér*-'""! In.the region of 
conductance dispersion. the ac conductance o({w) 1s given-by: 


j s; A) 


where n = 0'78 at 87 K. and is somewhat Insensitive to changes 
in temperature. This ‘law’ is obeyed by a wide range of materials, 
and an Interpretation has been given by Jonscher in‘terms of a 


-6(W). = Aw ~ 


' screened charge model’: wheré the ratio of energy stored to 
-energy’ ‘lost per cycle ts independent of” frequency ‘On the basis 
of this thegry the conductivity dispersion ‘in B-alumina need 


not be’ related coe a microscopic distribution of ionic jump 
b, 
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frequencies. but could be understood in terms of an interiénic 
‘drag effect’ which gradually relaxes with increase in frequency. 
(It is tempting to relate this approach to a previous treatment 
of dielectric loss in vitreous materials which invoked the 
Debve-Faikenhagen effect.) 

It is difficult to say that either ef these E E is ‘right 
and the other ‘wrong’. Thus, according to the Jonscher model. 
highly ‘lossy’ electrolytes, such as B-alumina, need a high 
concentration of mobile tons to give effective charge-screening, 
but these are precisely the electrolytes which have a strong 
tendency to cation disorder and hence are likely to exhibit a 
wide spread in fonic jump frequencies'*. The main peint which 
emerges from the above difcussion is a need for further detailed 
comparisons of structural, spectroscopic and electrical data, 
and hence the need for work with crystalline rather than vitreous 
systems. -alumina is in many ways a model system, since 
measurements can be made over a wide range of d.c. conduc- 
tivities, and extensive cation substitution is possible! H 
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The behaviour of long 
molecules diffusing in solid polyethylene 


SEMI-CRYSTALLINE polymers. according to the current two- 
phase model. confist of an impermeable, denser crystalline 
phase (the lamellae) and a permeable. less dense amorphous 
phase (the interlamellar regions}. All permeation and transport 
properties occur predominantly in the latter, and are a function 
of the overall amorphous fraction within the bulk and the 
geometry of the crystallites embedded in the amorphous 
phase. For linear polyethylene cooled at various rates from the 
melt, the diffusion coefficient D of gaseous dilfusants varies?” 
according to 


Daslo x). (l) 
sg 
where x is the corresponding crystalline volume fraction, and 
(1 x) the amorphicity. The diffusional behaviour of long chain 
diffusants, however, may be very different. For example, it has 
been suggested’ that the transport of long chain molecules 
through the disordered interlamellar regions of polythene will 
be greatly influenced by the presence of interlamellar tHe- 
molecules and entanglements. These are relatively immobile 
features in the disordered region which can obstruct the 
movement of long chain molecules. but not that of smaller 
(for example, gaseous) diffus@nts if their size is less than the 
separation between these features. An extension of de Gennes’ 
ideas on reptation’ gives a semiquantitative relation for the 
diffusion coefficient of long molecules in polyethylene: long 
6 
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8 
molecules should diffuse faster in slowly cooled than in 
quenched polyethylene, in spite of the hégher disordered 
fraction in the latter and in marked contrast to the behaviour 
of gaseous or lihi vapour diffusgnts. because rapid cooling 
results in a greater profusion of fixed tie-molecules®, which 
constrain Jong diffusants but have little effect on small ones. 
We report here results which support this model. 

We measured D for two lined diffusants of the form 
n~(CH,)yX, X being a suitable label and N = 25 or 45. The 
matrix was linear polyethylene cooled at two widely differing 
rates from the melt. The measuring technique was one we have 
recently developed. based on infrared microdensittometry’, 
and involves setting up a known concentration distribution 
of diffusant within the host matrix, allowing it to broaden 
for a known time rat the required temperature, then measuring 
the resulting diffusion-broadened concentration *>rofife. B can 
be evaluated knowing the shapes of the two profites as well as r: 
Fig. | shows experimental profiles at the beginning and end ofa 
typical diffusion run: the calculated curves (with the appro- 
priate value of D) when superimposed on the experimental! 


ones, show a good fil. . 
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Fip. 1 Concentration- distance profiles as measured (e) at the 
beginning (a) and end (b) of a typical diffusion measurement. 
ow «=~, Calculated shapes as evaluated with the ae a q 
value of D. u 1.29 10%s at 91 Ci the diffusant is a linea 
molecule of form a (CHa X. N bering an ester group, aah 
matrix is linear polyethylene cooled rapidly from the melt. and 
the scanning frequency corresponds to the ester group Paan 
peak at i7 o¥ cm” D evaluate@ as LA 1O-* gm? s 


Tabie | summarises some of the results, giving D for the two 
diffusants yy both rapidly and slowly cooled polyethylene 
matrix, and ‘the corresponding values of the crystallinity x 
as derived from density measurements. In Table 2 we compare 
the prediction of the model (outlined above). which tak@s. into 
account the topological constraints on the diffusants, with the 
experimental results (details of the calculations are- given 
elsewhere’). The predictions of the simple two-phase relation, 
equation (1). are also shown. e 

Table 2 shows that agreement between observed and pre- 
dicted ratios is fair to good. In particular, the model predicts 
correctly that D for the long diffusants used increases in the 
slowly cooled, more crystalline matrix in contrast to equation 
(1). 

The results provide support for the concept that long 
diffusants in semi-crystalline polymers may be constrained in a 
way which small diffusants are not: they suggest that studies 
involving such diffusants could yield information on the 
nature of the disordered phase in these polymers not otherwise 
available. 
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Table 1 /P (in units of 10 "em?s d} for diffusants of form 
H (CH, },X* in linear polyethylene. at $4.8 C 


No. of back bone 





Rapidly cooled Slowly cooled 


units A Patri PULIN 
a a a) 33 04 eA a 
O NaR25 918 TER 
Crystalline e Š Ee 
volume fracyon. w E Q.858 å 
"i n $ ~ ka ia m j 
*X is an ester gfoup. 3 : 
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Table 2 Calculated and observed*values of D for diffusants of form 
A (CHAS in linear polyethylene matrix at 84.8 C 


(a) Variation of D with coolme rafe of matrix 
t A š Fi + ps ar % ae i ee = ae are 
Na. of D (fou ly cooled matrix y D (rapidly cooled 


backbone units NV: matrix) 
Calculated Observed “2-phase . 
® a on ee a 
N~ 235 £26 [2-63 58 
Nix 44 is 2.0 -0.3 0). 88 


(b) Variation of D with diffusant length 


Rapidly cooled matrix Slowly cooled matrix 





Calculated Observed Calculated Observed 
dD, “ow + ey y oe xf" 
A 248 ly em | 9 80 170.3 
Dy ss 45 
® + + 
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Detailed accounts of bojh theory! and experiment’ are in 
press. 
JLK. thanks Professor Sir Samuel Edwards for discussions, 
and we thank Professor D. Tabor for encouragement. We also 
thank RAPRA for the polvethylene and Mr Tom Connelly 
for help with density measurements. This work was Supported 
by Dow Corning Chemicals. St. Catharine's College, Cambridge, 
and the Oppenheimer Foundation. 5 
J. KLEIN 
B.J. BRISCOE 

Physics and Chemistry of Solids. ° 

Cavendish Laboratory, 

Madinaley Road, 

Cambridge, UK i 

o 
Recemed 14 December 17h accented 19 January 077 


l Crank, J. & Park G. Sa cds Ditaston in Palver Academi, New York. [968). 

t Michaels. A. Su Binler H.J. & Fein, H. Lod. uppt, Phr. A8, 316511964) 

t Eba, R. RJ upph Phys. AS, 2720 (19645. 

Z Kiem dh J. Padi Sei. Paulyn, Phas. keda Gin the press) 

“afte Gennes, P. Gi A. chem, Phys, S5, 872 GEREEN 

t Peterlin, Ay Pree, SERA Stege Meacrentalevtles, 

{Butterworths Lomdon. 6974), 

T Kian, J. & Briscoe. Bod. Nature 257, 
Pofriner VI. ASE C1976), 

kion, J. & Briscoe. B.A. J, Pehin, 


~ 


Aberdeen P73. 230. 264, 


IRER O73 Kiun d. & Briscoe. B. O. 


5 


Se. Pivar Piya, bedu Cin the pressi 
i) 


ERENTO TEETE ETAREN, 





New transient effect . 
observed in rock samples subjected 
to sīmulated upper crustal conditions 


WHiLe making laboratory measurements of the electrical 
conductivity (6) of rock samples subjected to temperatures, 
confining pressures, and pore fuid pressures thought to be 
appropriate to depths upao 15 km within the Earth. we have 
observed a hitherto unreported transient behaviour which is 
only revealed by the simultaneous application of pressure and 
temperature, and leads to an irreversible decrease ina with time 
which could be due to compaction of the rock samples, We 
suggest that only after such a change has occurred is the 
condition of rocks collected near the Earth’s surface more 
representative of those at depth in the crust, 

Most of the rock samples used in this study are high-grade 
metamorphics from the Lewisian of NW Scotland. which have 
a very low porosity (< 1°.) These wer cored. cut and ground 
into cylinders of diameter 24.5 mm and length 10-20 mm, and 
saturated with a 0.5 or 0.05 M sodium chloride Splution. Two 
stainless steel electrodes ullowed the ae. conductance (normally 
at a frequency of 1.5 kHz) between the sample faces to be 
measured using a Wayne-Kerr B224 transformer bridge. 
Confining pressure acting on a rock within the Earth (due to the 
column of rocks above it) was simulated by hydrostatically 
pressurising the sample (up to $0.4 GPa (4 kbar in a pressure 
vessel. To prevent contamination from the oil pressure-medium 
the sample and electrodes were sheathed with @ Teflon tube, ft is 
believed thatsmost rocks have sufficient strengfh to prevent their 
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ports shutting completely under such pressure’, and. it is 
possible therefore for the pore fluid pressure to differ froh the 
confining pressure. To allow for this, a h@le passing through one 
electrode to the surface of the rock sample was connected to a 
pipe which passed out of the vessel, enabling the pore fluid 
pressure to be varied indepeedentiy of the confining pressure. 
A furnace around the sample allowed temperatures up to 
275 C teo be reached. 

Becayse the bulk of the measured conductance tn saturated 
rocks occurs through the solutions within the fine pore net- 
work, small changes in pore structure have a considerable 
effect on & (refs 1, 2), and as o can be meastfred accurately. 
it is probably the most sensitive property to use to investigate 
such small structural changes. Increasing the confining pressure 
closes up this pore structure, while increasing the pore fluid 
pressure has the opposite effect. It is reasonable therefore to 
assume a model in which the parameter that determines the 
overall pore structure, and therefore e. is the pressure diferen- 
tial (known as the effective pressure) between confining and pore 
fuid pressure?!) Most of our results at room temperature 


„conformed to this model, with o showing a steady decrease as 


the effective Pressure was increased. 

Figure | shows the typical behaviour observed when a sample 
at a fixed effective pressure was heated. From its room tempera- 
ture value (a), o increased along the path a-b as the temperature 
was increased. We found, however. that if the temperature was 
held steady at a high enough temperature (b), fell over a period 
of time to a lower value (c). This drop fc did not occur sud- 
denly at any specific temperature, and a slight drop has even 
been observed at temperatures as low as 130 C, although at a 
very slow rate. Increasing the temperature has the effect of 
accelerating the rate. and samples were normally heated to 
around 200 C or above, to enable us to observe a drop in a 
reasonable period of time. Figure 2a shows the time dependence 
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Fig. I frreversible change in conductivity during the initial 
temperature cvele of a sample of “gneiss saturated with 0.3 M 
NaCl soluteon and subjected to an effective pressure of 0.2 GPa 
(2 kbar), 
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ofa inone sample during the period of the drop. On cooling,¢he 
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path c-d was followed. With any further increase or decrease in 


temperature, o remained on the curve d-c, even when the » 


temperature was. increased beyond the point c to c’, indicating 
that the rock had suffered some irreversible change. Although 
the rate of the drop varied from gyample to sample, the general 
cycle abcd was observed in all saturated samples investigated, 
The feature does not seem to be confined to the very low 
porosity rock type used, since samples of basalt (2 %4 Porosity) 
and pyrophyllite (7°4 porosity) also showed a similar drop. 
Only in a sample pre-baked to remove any natural pore fluids 
was there no Wiscernible drop in o at high temperatures. 
Spurious effects, such as cohhduction paths between the rock and 
the Teflon sleeve, were discounted after making measurements 
with non-porous plugs (Teflon or sapphire) replacing the rock 
sample. 
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Fig.2 Time dependence of the conductivity for-a sample of - 

granite gneiss (saturated with a 0.5 M NaCl solution} when 

subjected to an effective pressure of 0.35 Gie (3.5 kbar) at a 
temperature of 190 °C. i 


We believe a possible explanation for this behaviour is that 
in its initial state a, the sample contains many cracks and flaws 
associated with near-surface conditions such as weathering and 


9 
: a 45 
A L 
precise onset), the variation of o with time (z) may be expressed 
P r e 
by the equation: ; 
a log CY oss Al sine B log i, 
+ . ad 


where 4 and B are constants dependent on rock type, and the 
temperature and pressure conditions. 

It has often been observed in tramsient creep measurements 
on rocks subjected to differential stress, that strain (€) is also 
proportional to log ¢ (refs 6, 7). If it could be shown, therefore, 
that a linear relationship exists between loga and g , it is possible 
that the drop we observe in log o , when held at high pressure 
and temperature, may also be due to creep behaviour, Such a 
relationship might bg argued as follows. In saturated rocks, it is 
found experimentally!-* that at moderate pressure (p), 

> e 6 


logo x p. z 


Furthermore, from strain measarements made under such 

pressures‘, 
E Xp. 
+ 

Thus, it seems reasonable to assume that for any strain 
(whether elastic or inelastic) 

a l a 
e loga ZE, 


If this is the case (that is, that this transient behaviour is a 
sensitive indicatér of a creep process), then presumably it is 
important: to simulate this effect by thermal cycling ofa rock 
sample under pressure,before truly meaningful measurements 
of various physical properties of rocks can be made under 
laboratory conditions. To investigate this possibility we are 
presently making simultaneous measarements of acoustic 
velocities and electrical conductivity in rocks, under the same 
conditions as described earlier, to examine whether the transient 
behaviour in o reported here may also be observed in acoustic’ 
velocity measurements. 
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Peridotite-CO,-H,0, and 
carbonatitic liquids in the upper asthenosphere 


+ 
Tue recent discovery that CO: at upper mantle pressures 
has a dramatic effect on the melting temperature of 
peridotite (because the silicate asyemblage becomes car- 
bonated), and on the composition of near-solidus liquid, has 





petrological and geophysical implications that have been 
explored extensively. The influence of HO has received 
only passing reference, probably because it was tacitly 
assumed that this would modify the carbonate-dominated 4 
melting relationships significantly. |, describe here construc- 
more compacted state. Figure 2b shows that apart from the tion of a schematic diagram for the system peridotite~-CO:-« 
initial period of the drop (where there is uncerfainty in the HO which shows that the carbonate can persist even jn the 
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the geometry for inter- 
Cd section of a divariant 
~ i subsolidus carbonation 
ay ie reaction with the divari- 

i ant solidus surface for 
+ Ís melting in the presence of 
s CO,-H.Q vapours. It 
represents a compromise 
among several sets of 
experimental data, and 
precise pressures and 
temperatures need experi- 
mental determination 
(see ref. 21 for modifica- 
tions of data from refs 
5, 6, 10, 12, 13, 22). a, 
P-T projection. The uni- 
variant carbonation re- 
action extending to lower 
° pressures and tempera- 





ay Fy 
or 


0.7 
co. 1n vapour 


+ 
tures from J, is: (6) Cpx+Fo+CO, = Opx Cd (calcite dolomite)*~*. In the presence of CO,-H,O vapours this reaction becomes a 


divariant surface extending to higher pressures and lower temperatures; it is mapped by contours for constant vapour-phase composition. 
Curves for the beginning of melting of peridotite in the presence of water** and CO,**" are connected by a curved surface, mapped in 
terms of contours for constant vapour-phase composition™. b, P-X projection (X is molar fraction), This shows the solidus surface, with 
estimated temperature contours. Vertical lines in this projection*correspond to the contours in (a). The heavy line (6) corresponds to the 


intersection line of the two surfaces illustrated in (a). The lines (4) 


and (2) refer to other carbonation reactions* that are not encountered 


for reasonable mantle peridotite compositions, with low CO, contents. Mantle vapour-phase compositions are buffered to remain on the 

divariant carbonation surface of (a). Therefore at pressures (depths) greater than /,, carbonate is stable in peridotite with total CO,/H,O 

ratigs greater, at a given pressure, than the heavy line (6) in (b); similarly, vapour-phase compositi@ns within the heavy line of (6) do not 
exist in the mantle at the pressures indicated. Abbreviations: Cm. magnesite solid solution; Qz, SiO, polymorphs. 


presence of vapours with high HoO0/CO:. Figure 1 shows 
that starting with p@ridotite~-H.O at high pressures, a small 
addition of CO; is sufficient for the generation of carbonate. 
This leads to the unexpected conclusion that many of the 
applications deduced for the melting of carbonated peri- 
dotite may remain valid with vapours enriched in H:0/CO:». 
In particular, the interstitial liquifl in the upper part of the 


seismic low-velocity zone may be carbonatitic even with 


H:O present as a component. j 

Until recently, it was believed that the solubility of CO: 
in mantle magmas remained low as it does in crustal 
magmas'*, Experimental studies in silicafe-CO, and 
sticate—carbonate systems have shown that peridotite 
becomes carbonated by the reaction Cpx + Fo + CO; == 
Opx+Cd at high pressures™® (Fo, forsterite: Cd, calcic 
dolomite; Opx, orthopyroxene: Cpx, clinopyroxene), and 
this causes a remarkable increase in the CO.-solubility of 
near-solidus liquidst™*. The composition of the liquid pro- 
duced by melting of the.silicate—carbonate assemblage along 


the peridotite-CO, solidus rising from /; in Fig. la is ‘car- 


bonatiti according to Wyllie and Huange**"| with CO; 
solubility approaching 40%, and ‘kimberlitic’ according to 
Eggler’", with CO, solubility about 20%. Certainly, the 
CO. solubility is remarkably high, and the liquid composi- 
tion is markedly different from that of normal basaltic 
magmas, | 

There is now convincing evidence that both H-O and CO. 
do exist in the upper mantle’ and it has been shown 
experimentally that the proportion ef CO./H.O influences 
the SiO; content of near-solidus liquids generated from 
mantle peridotite’’'**, Figure 1 illustrates the effect of 
H:O on the phase relationships for peridotite-CO.; the 
geometrical relationships are correct although specific values 


for pressure and temperature need experimental 
determination. 


Tt is assumed that the peridotite composition is not suit- 
able for the stabilisation of amphibole and phlogopite, so 
that we can examine*the influepce of carbonate alone. 
Consider a partially carbonated peridotite composed of 
Fo+Opx+(Cpx+Cd in the presence of a*small amount of 

° 

° ° . 


CO:.-H-O vapour. This system must be situated on the 
divariant carbonation reaction surface and, at a given pres- 
sure and temperature, the vapour phase composition is 
given by the contour passing through the P-T point on the 
surface. eWith increase in temperature, decarbonation pro- 
ceeds releasing CO, so that the CO./H:O ratio in the 
vapour maintains the system on the surface. Similarly, 
carbonation occurs with increase in pressure, enriching the 
vapour in H.0O/CO:. The principle is well established in 
metamorph®& systems’*'*; the vapour phase composition is 
buffered by the mineralogy. : 

The system can leave the surface for divariant reaction 
(6 in Fig. 1) only if carbonation or decarbonation are com- 
pleted. The first alternative requires complete reaction of 
12%, clinopyroxene, which is most unlikely for any reason- 
able CO: content tn mantle peridotite; tRerefore, the system 
cannot enter the high-pressure volume for complete car- 
bonation in Fig. la, which meets the solidus surface in the 
area at pressures above the heavy line in Fig. 1b. 

At a given pressure above J, the vapour phase in par- 
tially carbonated peridotite at its solidus temperature is 
constrained to lie on the solid line (6) in Fig. 14 (compare 
its position in Fig. la). For peridotite without crystalline 
carbonate, the vapour phase at the solidus temperature 
may have any composition at pressures below Js, but it is 
limited to the higher H:O/CO- ratios to the left of the 
heavy line (6) ini Ib. 

For the system peridotite-CO. at pressures above Js, T am 
convinced that the near-solidus liquid is carbonatitic becom- 
ing kimberlitic with increasing temperature’? (contrast 
Eggler), From the scanty data available in silicate- 
carbonatg-CO--H.O systems’*""*. T anticipate that the liquid 
composition at the solidus is dominated by the silicate- 
carbonate assemblage; any H:O in the vapour dissolves in 
this liquid, with relatively little influence on the liquid com- 
position. Accordingly, the liquid produced from the 
peridotite-carbonate assembl&ge could remain ‘carbon- 
atitic’, even in the presence of, HxO/CO.-enriched vapours. 
At pressures below Fe near-solidus liquids become more 


siliceous with increasing H»O/CO."". At pressures above 
L 


Ro 
“a 
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Is, this is true also for the range of vapours coexisting with 
uncathonated peridotite. Using’ the schematic -phase-diagram 
of Fig. 1 as'a guide, we can reach thé following conclusions, 

For a partially carbonated mantle peridotite of fixed com- 
position in thermal equilibrium; it can be determined from 
Fig. 1 that the amount of carbonate in the lithosphere 
decreases with depth, and the ratio’ of CO:/H:O incréases 
in the vapour ‘phase. If a portion of: the mantle ‘fises 
from the géotherm under adiabatic conditions, the’ amount 
of carbonate detreases, and the ratio of COs/H.O in the 
vapour increases aš the peridotite rises to shallower levels. 

For a partially carbonated mantle peridotite, eoexisting 
vapours have fairly high: ratios of H:O/CO,. (Fig. 1b). 
Incipient melting begins with the generation. of carbonatitic 
liquid.-The diquid at the top of the seismic low-velocity zone 
‘may therefore ‘be carbonatitic, with 10-15% -dissolved 
silicates, Ca/Mg>1, and‘probably enriched also: in alkalis 
and a host of trace elements. At greater depths, this grades 
-into liquids with kimberlitic affinities.-Carbonatitic liquids 
are very fluid, and they would probably: migrate upwards. 
-Local concentrations, and intrusions into the- ‘overlying 
-peridotite,- could produce a dayer of lithosphere entiched ' 
in crystalline carbonates’ | pI 

This picture is consistent-with a tentative Monasa: that 
kimberhte magmas may be mixtures of silicate liquids from 
within the asthenosphere with carbonatitic liquids ‘from 
near the top of the asthenosphere It is also consistent with 
‘the suggestion” that carbonatite magmas cold -be the fluids 
involved in the fluidisation emplacement of some. kim- 
berlites. For mantle peridotite with compositions appro- 
priate for the formation of phlogophite, vapour phase 
compositions must be buffered by subsolidiis' reactions 
between phlogopite and carbonate in the presence of Fo-+ 
Opx+Cpx, which remain:to be determined*.: Alternatively, 
all CO. and HO may be stored in phlogopite and carbonate, 
with no free vapour phaser, 
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3-Gyr-old stromatolites from South Africa 


We report here a new record of early Precambrian 
stromatolites from ‘the 3'0-Gyr Pongola Supergroup of South 
Africa (Fig 1), which is exposed in-parts of the south- 
eastern Transvaal, Swaziland, northern Natal and Zululand, 
These rocks occur in an almost complete section found in 
the Wit-Mfolozi’ River vadley, about 200km north: of 
Durban. In that part ‘of,Natal the volcanic-sedimentary 
Pongola Supergroup attains ‘a maximum thickness of about 
2,500 m. It 1s subdivided into two'distinct north-east-dipping 
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‘Fig. 1 The distribution of Pongola Supergroup exposures4n the 
southeastern Nes Swaziland, northegn Natal and Zululand. 
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stratigraphic units; the lower 1,800-m thick Insuzi Group 
and the upper 700-m Mozaan Group’. Bedding and primary™ 
sedimentary structures are ubiquitously well preserved 
‘Deformation is restricted to moderate cleaving of the 
argillaceous rocks.’ Evidence of regional metamorphism is 
restricted to irfcipient recrystallisation of-the arenaceous 
and carbonate rocks; the lavas show. evidence of deuteric 
alteration: Contact ‘metamorphism is found where isolated 
*diabdse sill intrude the strata. i 
.The Insuzi Group rests nonconformably’ on assale 
basement. rocks and comprises a repetitive sequence of 
quartz arenites and dolomites, with subordinate siltstone- 
‘mudstone units. The carbonates are of particular interest 
‘as’ no other recorded Insuzi Group exposures contain 
dolomites They vary in thickness (1-30 m), and are laterally 
impersistent, forming units in “the succession which are only 
of local importance. Amygdaloidal lavas occur near the base 
and at the top of the Insuzi Group. The siliciclastic sedi- 
ments provide, evidence for deposition in a tide dominated 
i environment, as they contain sedimentary structures includ- 
ng., lenticular, faser and wavy bedding, mudclast con- 
_glomerates, + herringbone cross lamination, and Tipple 
“marked bedding surfaces displaying desiccated mud drapes 
4 within their” troughs PalaeOcurrent data suggest that the 
coastline lay to the’ north, The unconformably overlying 
“Mozaan Group is entigely composed of siliciclastic sediments 
of tidal origin and tontains sedimentary structures similar 
's to those noted in the Insuzi. 
The stromatolites occur within Insuzi’ Behan and 
resemble- those recorded from the northern Slave Province 
“(25 Gyr)- of Canada® as they are generally of low relief, 
. rarely rising more than a few cm above the contemporary 
substrate They form undulatory surfaces which are aecen- 
tuated by the -partial ‘silicification of the host dolomite.” 
Silicification was selectiye and not wholesale, so that instéad 
of destroying the finer fabric of the rock this has beer 
enhanced. The*stromatolites commonly form low domes 
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Fig. 2 Low relief domical stromatolites exposed on q bedding 
surface. Inset at same scale, exfoliated dome showing laminated 
. structure, 
o 

(Figs 2, 3) and may be classified according to their geo- 
metry’, LLH-S, LLH-C and SH types have been recognised. 
The structures are thought to be of biogtnic origin for a 
numb@r of reasons. First, the preponderance of convex- 
upwards structures are strongly reminiscent of the growth 
habits of Recent algal communities. "Second, the ubiquitous 
fine n@m scale laminations in the rock are considered to be 
diagnostic of formeg algal growth’*a conclusion reinforced 
by microscopic examination which reveals Occasional fine 
sandy lavers trapped between successive laminae (Fig. 4). 
A direct analogue of this feature may be found in the 
sediment trapping and binding habits of Recent blue-green 
algal mats’. Finally, some of ghe samples also display 
fenestral textures, with coarse sparry dolomite filling former 
voids in the rock. In Recent examples of algal sediments 
fenestrae are interpreted as structures formed by the inter- 
action of algal mat and algal bound sediment. Desiccation, 
oxidation and lithification are also important faetors leading 
to the formation of fenestral textures’. 

Characteristic sedimentary structures in the dolomites 
provide further evidence of shallow-water sedimentation. 
In the quartz arenites large dolomite clasts are found (about 
30 em) incorporated in the sandy sediment. They seem to 


Fig. 3 Weathered surface showing a section through stromatolite 

structures, Note the diffefential erosion of the silica and carbon- 

ate lavers, and the very fine lamination in the more massive silica 
at the bottom of the photograph. Scale bar I cm. 
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have been reworked from adjacent carbonate mud flats by 
currents of considerable velocity. In addition. intrdtlastic 


dolomites suggest that there was significant penecontem- 


poraneous reworking of the carbonates and, as these rocks 


contain herringbone cross lamination, tidal action was the 
most likely cause. is 

Insuzi Group stromatolites are of particular interest con- 
sidering the scarcity of biogenic structures of this age in the 
geological record. Five comparable occurrences are docu- 
mented, two in Canada“ and three in Rhdédesia’''’. The age 
of the Insuzi Group is not precisely defined. The overlying 
Mozaane Group rests with a sedimentary eontact on the 
3.06-Gyr (Rb/Sr) Lochiel granite of the southeastern Trans- 
vaal’, and is intruded by the Usushwana Complex dated at 
2.87 Gyr (ref. 12). Zircons from the Insuzi lavas at 
Nkandhla gave an age of 3.09+0.09 Gyr (ref. 13) and a 
whole rock Rb/Sr age of 3.15+0.15 Gyr is reported from 
Insuzi felsites’’ in the Mozaan valley of Swaziland. From 
the foregoing evidence there seems little doubt that the 
Insuzi Group is approximately 3.0-Gyr-old. Comparing this 
date with the ages generally quoted for the other five 
localities we find that the age of the stromatolites at Steep- 
rock, Ontario, is in dispute, while those of the northern 
Slave Province? (2.5 Gyr) post-date the Pongola. Work on 
the Rhodesian greenstone belt’ suggests that the Bula- 
wavan and Belingwe stromatolites are about 2.6-2.7-Gyr- 
old. Assuming that this age is correct, and that it does not 
represent the Pesetting of the radiometric clocks by the most 
recent metamorphic event, the Insuzi stromatolites are the 
oldest so far documented. 

Considering the criteria of emergence and shallow water 
sedimentation found in the quartz arenites in the Wit- 
Mfolozi section and the evidence for marine deposition 
provided by the stromatolites, there is little doubt that the 








Fig. 4 Fine sandy layer trapped within laminated stromatolite. 
Note sparry dolomite filling former voids in the rock. Magni- 
fication x 70. 


Insuzi Group was deposited in a tidally influenced environ- 
ment. Von Brunn and Hobday”, applying Klein’s'’ model to 
other Pongola exposures in this region, concluded that the 
palaeotidal range lies between 12 and 25m. In the area 
under discussion comparable palaeotidal amplitudes are 
suggested by similar sedimentary sequences. Such large 
amplitudes may have relevance to hypotheses concerning 
the capture of the Moon by the Earth. The relationship 
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between the stromatolite-bearing carbonates and evidencg of 
extenive volcanicity is also of note. In all the other early 
Precambrian occurrences, stromatolites are associated with 
lavas, and we speculate that the exhalative activities of lava 
extrusions provided optimum conditions for stromatolite 
growth. The Earth’s atmosphere at the time was probably 
anaerobic’*, and some Recent *algal species can thrive in 
such an environment. If ancient stromatolites produced 
oxygen by photosynthesis, this could have been immediately 
removed from the environment as free oxygen, ant trans- 
ported to one of the oxygen sinks then operative. The thin 
banded ironstanes in the overlying Mozaan might pwe their 
presence to the local production of biogenically derived 
oxygen during those times. 

Cloud’? adapted many of his former ideas concerning the 
major features of crustal evolution to account for the 
anomalous presence of banded ironstones and stromatolites 
in the Pongola. He suggested that the events taking place 
in southern Africa in the early Precambrian were out of 
phase with those of the rest of the planet in that they 
anticipated many later developments in other areas. 
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Pigmentation of the ladybird 
beetle Coccinella septempunctata 
by carotenoids not of plant origin 


Many insects contain carotenoid pigments', and some notable 
examples are found in the Coleoptera, weave carotenoids are 
responsible for the yellow colour of the yellow and black striped 
wing cases of the Colorado beetle, Leptinotarsa decemlineata, 
and the orange-red colour of the ladybird beetles, Coccinellaspp. 
There has, however, been no report of any insect species being 
able to synthesise carotenoids de novo, and it is generally 
accepted that in insects, as in other animals, any Carotenoids 
present are of dietary origin’. In July 1976 the Liverpool area, 
like many regions of the UK, experienced an invasion by 
enormous numbers of ladybirds, almost entirely of the seven- 
spot variety, Coccinella sepfempunctata. With such large 
numbers of insects. available we were able to use, modern 
analytical techniques to identify the carotenoids of these 
beetles. We report here that the carotenoids identified were 


‘ ; 49 
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mostty hydrocarbons, and the carotenoid pattern indicated that 

these pigments in the ladybird‘are likely to, be of microbial 

rather than plant origin, thus suggesting the involvement of 

symbiotic microg ganisms. 

Preliminary thin-layer chromnatographic analysis showed that 
the carotenoid composition of Bolateð red wing cases (elytra) 
was the same as that of the entire insect, so whole insects were 
used in the large-scale analyses. Carotenoid hydrocarbons 
formed the bulk of the pigment, but there were also small 
amounts. of many xanthophylls, of which only lutein (B, £- 
carotene-3, 3’-diol) wes identified with certainty. The carotenes 
were characterised by chromatographic properties, light 
absorption and mass spectra, and whenever possible by com- 
parison. with authentic samples. Eighteen compounds were 
identified, including B-carotene (f,B-carotene), previously 


reported. by Lederer? and by Valadon and Mummy". One 


of the main carotenes present was torulene (374° -didehydro 
B,w-carotene), and smaller amounts. of y-carotene (B,W- 
carotene), B-zeacarotene (7’8’-dihydro-B,w-carotene), “cyclic 
C-carotene’ (7’,8’,11’,12’-tetrahydro-f,y-carotene), lycopene 
(w,w-carotene) and 3,4-didehydrolycopene (3,4-didehydro-y,w- 


ecarotene) were present. A second series of compounds present 


possessed a methylenecyclohexane ring system (y-ring) (ref. 5), 
a very unusual structural feature. $,y-Carotene, y,y-carotene, 
y.w-carotene, 3’,4’-didehydro-y,w-carotene, 3’,8’-dihydro-y,\y- 
garotene and 7’,8’,11',12’-tetrahydro-y,w-carotene were all 
identified. The natural occurrence of the last three of these 
carotenoids has not been reported previously. A series of more 
saturated acyclic @ompounds that are intermediates in carotenoid 
biosynthesis? was. identified—phytoene (7,8,11,12, 8'112- 
octahydro-y,y-carotene), phytofluene (7,8,11,12,7',8’-hexahy- 
dro- Ws, w-carotene), neurosporene (7,8- dihydro- -\W,W-carotene) 
and ‘C-carotene (a mixture of symmetrical 7,8,7',9,-tetra- 
hydro-y,w-carotene and? unsymmetricag 7,8,11,12-tetrahydro- 
w.w-carotene).°The carotenoids present in the largest amounts 
were torulene and B,B-, B.y-. Bay- and y,y-carotenes. 

Phytoene, phytofluene, “f-carotene’, neurosporene, ‘cyclic 
¢-carotene’ and -zeacarotene are possible intermediates (as 
are lycopene and y-carotege) in the biosynthesis of -carotene, 
and have not been detected before in any insect or other 
animal, The pretence of lycopene fn the ladybird has finally 
been proved, long after evidence for its occurrence was first 
reported*, The y-ring carotenoids and the carotenes of the 
torulene sertes are also unusual and their presence in an animal 
is surprising. 

The question of the origin of these pigments cannot be 
answered in terms of the accepted view that insect carotenoids 
are of dietary origin®. The food chain involving the ladybird is 
short and simple. The beetles feed on aphids which in turn 
feed on the juices of green plant tissues. Within this food chain 
only the green plants are knowh to be capable of synthesising 
carotenoids, and there is no known Metabolic process whereby 
the bicyclic compounds with B- and ¢-rings, produced by the 
plants, could be transformed into acyclic, monocyclic or y-ring 
carotenes. The ladybird carotenes must therefore originate 
elsewhere. 

The y-ring carotenes, B,y- carotene and y, y-carotenes, together 
with B-carotene have, however, been isolated from a green 
variant of the aphid, Macrosiphum liriodendri, whereas pink 
variants of the same species contained B-carotene, y-carotene, 
torulene, lycopene and 3,4-didehydrolycopene’. We stress that 
the ladybirds used in our investigation were members of a huge, 
migratory, starving population, and nothing was known of 


their -previots. food intake. Although it is unlikely-that the 
ladybirds or their larvae would have had access to the aphid. 


species M. liriodendri, which seems to be a specific parasite of 
the tulip tree (Liriodendron tulipifera), it is not unreasonable to 
expect that the y-ring and torulene series carotenoids may be 
present in other species of aphid which may have formed part 
of their diet. Even so, the aphris themselves could not obtain 
these carotenes from the green plants on which they feed. ‘ 

We therefore ¢onclude that these carotenes are synthesised 


e 
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within the aphid and/or the ladybird. The possibility of syn- 
thesis de novo by the insect canhot be ruled out, although this 
would be the first instance to be discovered of carotenoid 
synthesis by any animal. The inyolvement ofssymbiotic micro- 
Organisms seems morg probable, anti the nature of the 
carotenoids present gives indirect support for this theory. 
Apart from these reports of their occurrence in the’ insect 
species, y-ring carotenoids have been found only in a disco- 
mycete fungus Caloscypha fulgens®; torulene and related 
compounds are the characteristic ‘pigments of red yeasts 
(Rhodotorula spp.)®. Further, the ‘¢-car®tene’’ isolated’ from 
ladybirds was a mixture of the symmetrical and unsymmetrical 
isomers, a situation encountered. commonly in bacteria and 
fungi but not normally found in higherg plants’®. Weisgraber 
et al.™ have summarised evidence which they believe suggests 
strofigly* that ‘the y-ring and torulene series carotenes present 
in the aphid M. lirtodendri are of microbial origin, and aphids 
in general are rich in symbionts (yeasts, bacteria, etc.) | some of 
which are red!*. 

For the ladybird, many of the carotenes present could pre- 
sumably have been derived from aphids (or their symbiotic 
microbes) devoured by the beetles, but ıt seems unlikely that® 
phytoene and the other desaturation and cyclisation inter- 
mediates would be absorbed and accumulated by the ladybird 
if they were obtained only in minute amounts in its food 
Their presence suggests a site of synthesis within the ladybifd 
itself, Although no information is available about the micrò- 
flora of the ladybird, it 1s reasonable to beligve that caroteno- 
genic microorganisms present in its aphid prey could be ac- 
quired and cultivated by the beetle. Thus it is likely that the 
carotenoids responsible for the characteristic red colour of 


e €. sep mpunctata are synthesised within the insect, probably 


through an association with symbigtic microorganisms. Pre- 
liminary analysis indfcates that the situation may be similar 
in other species of ladybird. 

We thank Dr Noel Arpin for providing B,y-carotene from 
Caloscypha fulgens for comparison. 
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Naturally occurring viral 
R plasmid with a circular 
` supercoiled genome in the extracellular skin. 


* PHOTOSYNTHETIC bacteria have been us¢d extensively in 
studies on photosynthesis, photochemical*nitrogen fixation 


= r 


‘bacteriophage antiserum. The 


.theur resistance/sensitivity phenoty 


+i 
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and photoevolution of hydrogen A major'obstacle g r 
bined biochemical and genetic studies of these processes is 
a lack of knowledge of gene transfer in such bacteria. The 
only transfer mechanism known is that reported by Marrs 


' for the facultative phototroph Rhodopseudomonas cap- 


sulatæ. In this bacterium gene transfer is mediated by a 
filterable agent of small size “(Gene-Transfer-Agent) esti- 
mated to carry between 10° and 10° daltons of DNA; the 
nature, of these GTAs is unknown Although GTAs have 
been used to construct a preliminary map of the bacterio- 
chlorophyll and carotenoid biosynthetic genes in R. 
capsulata (ref 2), the small amount of DNA transferred 
limits their usefulness un genetic ‘analysis To obtain alter- 
native means of gene transfer we examined isolates of the 
closely related species R. sphaeroides for temperate trans- 
ducing bacteriophage and conjugative R plasmids. 

Several temperate, but evidently non-transducing bacterio- 
phage have been isolated from R* sphaeroides (ref. 3) and 
R capsulata (ref; 4) Many of our wild type isolates carry 
between one and three prophages and more than 90% 
are resistant to penicillin because of a diffusible penicillinase 
(unpublished data) Since the production of diffusible peni- 
cillinases by Staphylococcus aureus’, Pseudomonas aerug- 
inosa* and various enteric bacteria’ is encoded by plasmid 
genes, extrachromosomal DNA isolated from R. sphaeroides 
(refs 8, 9) could constitute extrachromosomal prophages 
and/or penicilinase plasmids. 

Initial experiments with a penicillinase-producing strain 
of R sphaeroides RS6Of (prototrophic, penicillin resistant) 
showed that a sensitive mutant RS602 (prototrophic, peni- 
cillin sensitive), isolated after treatment with the mutagen 
nitrosoguanidine, was ‘cured’ of a prophage. Bacteriophage 
released spontaneously by the wild type RS601 (10°-I0° 
plaque-forming units per. ml of supernatant) produced small 
(I mm diameter) turbid plaques on the ‘cured’ derivative 
RS602. ws 

Ajthofigh attempts to perform generalised transduction 
with this A AN (designated Ry6P) were unsuccess- 
ful, when recipient cells (RS602) were grown in aerobic 
conditions at 32 °C and at a multiplicity of infection of,1.0, 
50% of ‘survivors’ of bacteriophage infection were penicil- 
lin resistant. An analysis of 100 penicillin resistant trans- 
ductants derived from this experiment showed that each 
produced a diffusible penicillinase 

The question now arises as to the exact nature of this 
high frequency transduction; at least two explanations seem 
possible Either the transduction is mediated by a defective 
specialised transducing bacteriophage analogous to Plide 
in SEG PRE CEL ECHS aureus”, or the wild type bacteriophage 


- 


Table 1 The relationship between penicillin resistance and lysogenisa- 
tion by R@6P in R sphaeroides 





Possible phenotypes Number of colonies 
i; Pen" 07 1127 
i Pen" pe © AQ 
ns ' Pen’ o~ 0 
Pen’ o+ : 123 


: AnexponentiaLculture (about 5 x 10° colony forming units per ml) 
of RS602 (penicillin-sensitive, Ro6P sensitive) grown with aeration at 
32 °C, wag infected with R@6P at a multiplicity of 0.1 The bacterio- 
phage were allowed to adsorb for 30 min at 32 °C without aeration 
and then excess free bacteriophage were removed with- anti- 
acteriophage infected«cells were 
diluted and plated on PYEA (0.3% peptone, 03% yeast extract, 

l. 5 Y agar) to give approximately 50 colonies per plate. After 2 d of 
incubation at 32 °C the colonies were patched on to PYEA plates and 
later ‘replicated onto PYEA + [ ug mi~} penicillin to determine 
Lysogeny, as determined -by 
release of free bacteriophage, was assayed by overlaying the patch 
plates with soft PYEA (0.8% agar) seeded with RS602 
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carrigs a gene -for penicillinase production. In experi- 
mental conditions which limit infection to a single bacterio- 
phage per cell, there *was a 100% correlation between the 
presence of wild type bacteriophage and production of 
penicillinase (Table 1). Hence the penicillinase gene is pro- 
bably carried as part of a wild éype bacteriophage genome. 
In view of the importance of plasmid coded penicillinase 
activity we explored the possibility that Rọ6P exists as a 
plasmid in the lysogenic cell. A simple test used tg differ- 
entiate plasmid and chromosal genes is the Arber experi- 
ment". Low level ultraviolet irradiation of transducing 
bacteriophage “lysates stimulates transduction of» chromo- 
somal genes and depresses transduction of plasmid genes. 
Figure 1 shows a depressed frequency of transduction fol- 
lowing irradiation, indicative of an extrachromosomal loca- 
tion for this gene in the transduced (lysogenic) cell. Con- 
firmation on these data is being sought by the isolation and 
characterisation of plasmid DNAs from lysogenic (R~6P +) 
and non-lysogenic (Ry6P —) derivatives of R. sphaeroides. 


0. | 


Surviving fraction 
a 


0.01 
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Fig. 1 The effect of ultraviolet-irradiation on the transduction 
of the penicillinase gene by Rọ6P. Bacteriophage Rọ6P was 
diluted in bacteriophage buffer (ref. 3 to give 10” plaque-forming 
units permland was ultraviolet irradiated for various lengths of time. 
Plaque forming titre (()) and transducing titre for the penicillinase 
gene (@) were determined for each dose of ultraviolet irradiation. 
The broken curve illustrates the effect of ultraviolet radiation on 
transduction of chromosomal markers in Escherichia coli (ref. 11). 
we 
It is unlikely that transforming DNA or gene-transfer- 
agents are involved in this process because transfer is 
insensitive to DNAase; inactivated by anti-R@6P antisera; 
and the vector has a molecular weight consistent with the 
purified bacteriophage particle. An electronmicrograph of 
the R6P particle (Fig. 2) shows an isometric head 65 nm in 
diameter with a long flexuous non-contractile tail 12 nm x 
250 nm, 2-4 tail fibres and no prominent tail plate. DNA 
molecules obtained from the bacteriophage by phenol ex- 
traction” and prepared fore electron microscopy by the 
Kleinschmidt technique’, show a majority of supercoiled 
molecules suggesting the encapsidated viral genome is cir- 


cular. Using a variety of means such as DNase, freezing and 
a 





contrasted with 

ammonium molybdate 1.0% (pH 6.0) using the procedure of, 

Miller, Pemberton and Richards'’. The bar represents 108 nm. 

E 
o 

thawing, alkañ and heat treatment, the supercoils could be 
‘relaxed’ to give open circles having a molecular length of 
16.5+1.0 um which corresponds to a molecular mass Of y 


Fig. 2 Bacteriophage ,R@6P negatively 


3342x 10° (ref. 15). The only other report of a 
bacteriophage which possesses a closed circular, supercoiled, 
extracellular genome is PM2, a bacteriophage whose natural 
host is a marinespseudomonad”™. * 

Richmond’ states that “purely on statistical grounds 
bacteriophage conversion and restricted transduction are 
more likely to play some part in the spread of antibiotic 
resistance markers than is generalised transduction”. This 
paper records the first instance of naturally occurring phage 
conversion involving an antibiotic resistance gene. If such 
virus-R plasmid combinations are widespread in nature then 
antibiotic therapy directed against drug resistant bacteria 
may be ineffective in removing the extracellular form of the 
plasmid from the environmerft. Finally, R-plasmids possess 
genes whose functions are still unknown: is it possible that 
some of these genes encode viral functions? 
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Early presence of . 
ribonucleoprotein antigen on . 


surface of influenza virus-infected cells 


Host defence against influenza A virus in experimental 
animals seems to be mèẹdiated mainly by antibody*™*. The 
mechanism by which antibody protects the host, however, 
is unknown, Antibody may either neutralise viral particles 
or recognise Viral antigens at the surface of infected cells 
and then act at an early stage of infection, before viral 
replication is completed. The latter mechanism is theo- 
retically more efficient, but might cause*immunopathological 
destruction of the infected cells with harmful consequences. 
Viral envelope antigens (haemagglutinin and  neura- 
minidase) hdve been shown to be present at the surface of 
influenza virus-infected cells, by haemadsorption’, electron 
microscopy* and immunofluorescence*. Two main type- 
specific internal antigens have been described in influenza 
A vigus—the matrix protein (MP) antigen® and the ribo- 


. n y ə e 
nucleoprotein (NP) antigen’, a non-glycosylated polypeptide 


with a molecular weight of 58,000 (ref. 8).* Immuno- 
fluorescence studies on fixed cells have shown that NP 
antigen is first demonstrable in the cell nucleus and then 
appears as granular masses within the cytoplasm, which 
become prominent at the cell borders later in infection. 
suggesting a close association with the celb membrane’, We 
repor®here that NP antigen can be detected by immuno- 
fluorescence as early as 2h after the infection on the sur- 
face of unfixed mouse cells infected with influenza A virus. 
" Twe methods were used to obtain anti-NP antibodies. 
The first is described in Table 1. A pool of sera was col- 
lected from CBA mice infected intranasally 3 weeks pre- 
viously with a sublethal dose of an egg-grown A/PR/8 virus. 
After two cycles of absorption with the homologous con- 
centrated A/PR/8 virus, no detectable antibodies to 
external components of the virys could be found in this 
serum, as shown by its negativity in single-radial-diffusion 
test (SRDT) immunopla¢es containing intact A/PR/8 virus 
particles as antigen. The zone area obtained in a SRDT 
immunoplate containing a disrupted influenza A avian virus 
(external antigens unrelated to those of A/BR/8 virus). 
however, was only slightly decreased. Thus, antibodies to 
internal components of all influenza A viruses were detect- 
able ‘in the serum before and after absorption, At low con- 
centrations of disrupted avian influenza A antigens, the 
SRDT method reveals exclusively anti-MP antibodies when 
an anti-human influenza A serum is tested”. Comparison 
of results in SRDT with héegh and low concentrations of 
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Fig. 1 Ring of immunofluorescence around a D55 mouse cell 

infected 3 h previously with influenza A/turkey/England/63 and 

treated with an anti-influenza A NP antigen (mouse anti-A/PR/8 

serum absorbed with A/PR/8 particles) and FITC conjugated 
goat anti-mouse immunoglobulins. 


avian influenza A antigens indicated that anti-NP, but not 
anti-MP āntibodies, were detectable in this serum. The 
second method to obtain anti-NP antiserum from rabbits 
immunised with NP antigen isolated after electrophoresis 
of influenza A/Hong-Kong/68 (H3N2) on cellulose acetate 
paper strips has been described before". 

For indirect surface immunofluosescence, unfixed. in- 
fected D55 mouse cells adherent on® glass coverslips were 
treated as described in Table 2. Uninfected cells or infected 
cells incubated with fluorescein isothiocyanate (FITC) con- 
jugated anti-immunoglobulins sera algne were negative. 
Similarly, control cultures infected with B/Lee virus (an 
influenza B virus with no cross reactivity with external or 
internal components of influenza A viruses) were negative 


i 


Table 1 Specificity of anti-influenza antibodies in a mouse convalescent anti-A/PR/& serum after absorption with A/PR/S virus 


EE PES RE 
Antigen in SRDT Specificity of antibodies 








Zone area Zone area after absorption 


immunoplate* detectable with immunoplate before absorption with A/PR/8 virust 
(mm*) (mm*) 

Purified-concentrated A/PR/8 virus Anti-external antigens ee 0 

(15 mg mi~ in agar) (haemagglutinin + neuraminidase) 
Purified-concentrated and SSS ©  Anti-internal antigens 10.7 8.8 

detergent disrupted avian N virus (NP+ MP) 

(1.5 mg mi~ in agar) 

o 

Purified-concentrated and SSS Anti-M P ° 0 0 


detergent disrupted avian N virus 
(0.15 mg mi~ in agar) 


S 


*A/PR/8 antigens were intact whole particles. The A/chicken/N/Germanv/49 (Hav 2 Neq 1) was disrupted by mixing with equal volume of 
I% sodium-sarkosy! sulphate (SSS) for 5 min before being mixed with 3 ml of agar. . 
tEqual volumes of anti-PR8 serum and of a purified-concentrated Suspension of A/PR/8 virus (10 mg viral proteins per ml) were incubated 
for | h at 4 °C and centrifugated at 100,000¢ for 1 h. This procedure was repeated twice. The final supernatant Was absorbed twice with packed 
chicken erythrocytes and heated at 56 °C for 1 l to remove all remaining viral particles. At the end of the process, an haemagglutination test 
was regative { < 4). x 
e o 


. ° 
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è Table 2 Surface immunofluorescence detected by anti-NP antibodies in mouse cells infected-with influenza virus 
*infecting Mouse anti-A/PR/8 serum e Rabbit anti-NP . 
virus absorbed by A/PR/8 virus serum o ; Haemadsorption 
2h 3h 4h 2h 3h 4h 2h 3h *4h *12h 
B/Lee : 0 0 0 0 0 0 0 0 i REF 
AJPR/8 0 0 sd 0 0 i 0 0 0 o x 
® A/Turkey/Eng. * eee ne * eK ** 0 0 * kkk 





Non-confluent monolayerg of cells from the D55 mouse permanent cell line adherent on glass coverslips were infected with influenza B/Lee, 
A/PR/8/34 (HONI) or A/Turkey/England/63 (Hav 1 Nav 2) at about 100 x ID50 per cell. At various intervals after infection the: coverslips 
were washed thoroughly in cold phosphate-buffered saline (PBS). The cells were not fixed. After 39 min incubation at 4 °C with either inactivated 
mouse anti-A/PR/8 serum absorbed with A/PR/8 virus (see Table 1) or a rabbit serum anti-purified NP from A/Hong-Kong/68, the cultures 
were incubated for a further 30 min with (respectively) FITC-conjugated goat anti-mouse immunoglobulins serum or swine serum anti-sabbit 
immunoglobulins. After 1 h washing in cold PBS, they were mounted on glass slides with 50% glycerol phosphate. Surface immunofluorescence 


was recorded as absent (0), slight (*) intense (**) or very intense (***). Haemadsorption was performed by adding a suspensiort of 1% chicken | 


erythrocytes for 30 min at 4 °C followed by washings in PBS. 


This was not due to lack of production of influenza B anti- 


with membrane fractions of the infected cell”. The 


gens since B/Lee infected cells were able to*haemadsorb’ œ relevance to host defence mechanisms of our finding that 


chicken erythrocytes as early as 4h after infection, and 
gave an intense haemadsorption 12h after infection. A 
bright, ‘patchy’ immunofluorescence was found all over the 
surface of cells infected with either A/PR/8 or A/turkey 
virus (Fig. 1). This immunofluorescence was detected as 
early as 2h after infection in A/turkey inffected cells, in- 
creased rapidly and was maximale3 h after infection, when 
the pattern was a complete ring of fluorescence around the 
cells. There was no evidence of capping. The fluorescence 
began to fade 4h after infection, when the first haemag- 
glutinins were appearing on the surface as shown by the 
slight positivity of the haemadsorption test at that time. 
The fluorescence was weaker and appeared later in A/PR/8 
than in A/turkey infected cells. The negativity of haemad- 
sorption at 4h, and the modest positivity of haemgdsorption 
found at 12h suggest that A/PR/8 virus was poorty in- 
fective in D55 cells; this could explain the more discrete 
immunofluorescence found in these cells. Surface immuno- 
fluorescence was also detected with a rabbit anti-NP anti- 
serum in primary kidney cells, Vero cells and MDBK cells 
infected with influenza A/FPV, A/NWS and A/HK/1/68 
virus. n 

Our results strongly suggest that NP antigen is present 
on the surface of cells infected in vitro with influenza A 
virus. Thus two anti-NP sera gave a fluorescence on unfixed 
cells infected with an avian virus with external antigens 
unrelated to those of the viruses used to raise the antisera. 
But, two more internal structural polypeptides have been 
described in influenza A virus, P1 and P2 (ref. 8). The 
possibility that Pl and P2 may be present as minor con- 
taminants of the NP antigen as separated on cellulose 
acetate strips cannot be excluded. At present, there is no 
way to detect selectively anti-Pl or P2 antibodies. The 
presence of such antibodies in our convalescent mouse anti- 
influenza serum, however, seems unlikely. Finally, non- 
structural antigens induced by influenza A virus have been 
detected by immunofluorescence in nwéleoli of infected 
cells, and two non-structural viral polypeptides have been 
described". If we fixed our cells with acetone, however, NP 
antigen was detected in the nuclear and paranuclear area 
of the cells, but there was no immunofluorescence in the 
nucleoli. The presence of antigens related to the virus core 
on the cell surface is not confined to influenza virus, since 
analogous observations have been made with oncorna- 
viruses’** Presence of these antigens early in infection may 
facilitate assembly with the envelope antigens which-enter 
in the membrane later. Pulse labelling studies with S- 
methionine have demonstrated the early synthesis of the 
NP polypeptide in chicken embryo fibroblast cells infected 
with fowl plague virus and the association of this protein 

+ 


NP antigen is present at an early stage on the surface of 
influenza virus-infected cells is not known, In theory, this 
would allow antibody or lymphocytes with anti-NP speci- 
Acity to destroy infected cells at a stage when the virus 
has not yet replicated. Since all influenza A viruses share 
the same NP antigens, such a protective mechanism might 
cross the subtype barrier. Indeed, our unpublished ee Sults, 
and other reports" suggest that cross protection can be 
found between influenza A viruses which do not cross react 
at the level of their external antigens. The presence of type- 
specific internal antigens on the surface of infect€d cells 
might explain these observations. However, we have so far 
been unable to protect mice or ferrets by immunisation 
with purified MP or NP antigens or by passive immunisa- 
tion with anti-NP or anti-MP antibodies’. This failure 
may mean either that the presence of NP-antigen on the 
surface of infected cells*is not relevant to host defence, or 
that our immunisation technique was not sufficient to elicit 
an efficient immune response. Indeed a failure to induce 
protection by passive transfer of anti-NP antibody cannot 
exclude the possibility that, under physiological conditions, 
lymphocytes, but not antibody, can recognise NP antigen 
on the cell surface and protect the host either by direct 
cytotoxicity or by lymphokine secretion. Further werk is 
needed to determine whether internal viral antigens on the 
surface of infected cells can be responsible for the 
paradoxical heterotypic protection observed with influenza 


A virus. . i 
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Infectious DNA from a whitefly-transmitted 
virus of Phaseolus vulgaris 


GOLDEN yellow mosaic (bean golden mosaic) is a widespread 
disease of Phaseolus vulgaris in tropical and subtropical 
America’. The disease cayses serious yield losses in several 
countries where beans are an important dietary staple?3, The 
causal agent, long presumed to be a virus, also infects 
P. lugatus and Macroptilium lathyroides in the American 





s, x d Let ” + . + e 
tropics'®, The pathogen is transmitted in nature and in the 


laboratory by the whitefly Bemisia tabaci Genn.. ahd is also 
mechanically tragsmissible from the sap of infected plants®-. 
An unusually small (18-nm diameter) nucleoprotein particle 
has been purified from diseased plants, and shown con- 
clusively to be the whitefly-transmitted virus causing the 
disease®. Electron microscopy of purified virus revealed 
predominately geminate aggregates of the 18-nm_particles®*, 
The virus must be aldehyde-fixed before negative staining 
because it is disruped by the heavy Metal salts (ammonium 
rholyb@ate, sodium phosphotungstate, or uranyl acetate) used 
as negative stains. Thus, it is not known whether the geminate 
aggregate is the infectious entity or an artefact of fixation?. 
Nonetheless, its unusually small size sets this virus apart from 
most other plant viruses. I describe here the extraction of 
infectious DNA from purified golden yellow mosaic virus 
(GYMV), a result that further separates this virus from other 
previously described plant viruses. 

Highest yields of purified virus were obtaingd from the leaves 
of virus-infected plants (P. vulgaris ‘Top Crop’) harvested 
12-14 d after inoculation. Purification attempts with diseased 
tissue collected 19 d after inoculation yielded agout 20°% as 
much virus as was obtained at 14 d. The purification procedure 
(see Fig. 1) effected a complete separation between the virus 
and fhytoferritin, which was present in copious amounts in 
extracts of GYMYV-infected plants. Partially purified virus 
subjected to rate-zonal centrifugation in linear sucrose density 
gradients sedimented as a single band (Fig. 1). 

The virus collected from deasity gradients was concentrated 
by ultracentrifugation amd resuspended in 0.1 M sodium 
phosphate, pH 7.8, for analytical ultracentrifugation. Sedi- 
mentation velocity experiments showed a single sedimenting 
boundary (Fig. 2) with a mean sedimentation coefficient’ 
(Soow) Of 69.41.15. Attempts to determine the buoyant 
density of the intact virus in caesium chloride failed because the 
virus was disrupted by the salt. 

Nucleic acid from GY MV was prepared by dissociating virus 
with 20 mM Tris-HCI, 5 mM sodium EDTA, pH 9.0, con- 
taining 2%, (w/v) sodium dodecyl sulphate at 20° for 30 min 
(ref. 8). Dodecyl sulphate was preciffitated by adjusting the 
mixture to 0.04 M KCI and storing it overnight at 4°. Nucleic 
acid was recovered from the supernatant liquid after low-speed 
centrifugation and dialysed overnight against 15 mM sodium 
citrate, 0.15 M sodium chloride (SSC), PH 7.0. Infectivity was 
‘tested by adding a smail amount of carborundum to the nucleic 
acid in SSC and rubbing the mixture on expanding primary 
leaves of Top Crop beans with a sterilised ground glass spatula. 
Five days after inoculation typical symptoms of golden yellow 
„Mosaic appeared. Plants*so inoculated were frozen and homo- 
genised as before, and virus particles withgthe properties of 
GY MV (ref. 5) were obtained. ‘i 
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Fig. 1 Rate-zonal sedimentation profile of purified GYMV in 
linear 10-40%, sucrose gradients. Leaves from infected plants 
harvested 12-14 d after inoculation were frozen on dry ice, 
crushed to a coarse powder and homogenised at 4°C in 0.1 M 
sodium phosphate, 10 mM EDTA, | mM cysteine, pH 7.8 
(3 ml buffer per g tissue). The homogehate was Strained, clarified 
by centrifugation, adjusted to 0.2 M sodium chloride, and 4 g 
polyethylene glycol (Carbowax 6000, Union Carbide) was 
added per 100 ml clarified extract. The polyethylene glycol 
precifitateewas collected by centrifugation after stirring for 
2h at 4 C, and the virus dissolved from the precipitate in a 
small volume of 0.1 M sodium phosphate, pH 7.8. The virus 
was further purttied by two cycles of differential centrifugation 
(12,000 r.p.m., 20 min, Sorvall SS-34 rotor followed by 
27,000 r.p.m., 3.5 h, Beckman type 30 rotor) and then by rate- 
zonal centrifugation on linear sucrose density gradients 
(25,000 r.p.m..4 h, Beckman SW 27.1 rotor). The sedimentation 
profile shown was obtained by scanning the sucrose density 
gradient from the top withan ISCO density gradient fractionator 
coupled to a Model UA-2 ultraviolet analyser. 


The nucleic acid of GYMV sedimented in rate-zona! sucrose 
density gradients and the analytical ultracentrifuge as a single 
component (approximately 16S) but did not enter 2.5% 
polyacrylamide gels. Diphenylamine® and orcinol'® tests were 
both positive, indicating that the nucleic acid of GYMV might 
be PNA. This interpretation was confirmed by nuclease 
sensitivity tests. Nucleic acid treated with bovine pancreatic 
DNase I (Worthington) was hydrolysed to oligonucleotides, 
whereas the nucleic acid was unaffected by treatment with 
RNase A (Sigma) (Fig. 3). The nucleic acid was unaffected by 
incubation for 4 h at 37 C with 0.3 N sodium hydroxide, a 
treatment that hydrolyses RNA. . 

Only four other plant pathogenic viru$es have been reported 
to contain DNA, and GYMV differs from each of these in 
several important respects. Cauliflower mosaic!!, dahlia 
mosaic}? and carnation etch ring viruses!* are aphid trans- 
mitted and have icosahedral particles of approximately 45 nm 
diameter. Cauliflower mosaic virus contains double-stranded 
DNA with a small amount of RNA covalently attached". 
Potato leaf roll virus, which recent evidence suggests may 





Fig. 2 Analytical ultracentrifuge Schlieren pattern of GYMV. 

Virus was adjusted to 0,5 absorption units (260 nm) in 0.1 M 

sodium phosphate, pH 7.8, and centrifuged in an An-D rotor 

at 35,660 rep.m. Sedimentation is from the left. Photograph was 
taken 8 min after rotor reached full speed. 
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Fig. 3 Rate-zonal sedimentation profiles of GY MV nucleic acid 
in 10-40% linear sucrose density gradients following various 
treatments. Nucleic acid prepared in SSC, pH 7.0, as described 
in the text was adjusted to pH 5.0 and 5 mM Mg? by addition 
of 0.1 M sodium acetate, 50 mM magnesium sulphate, pH 3.0. 
Nucleic acid concentrations were adjusted to 10 pg mi~. 
To 0.5 mi portions were added | pl of a, water, $, RNase A 
(2.0 mg enzyme per ml), or c, DNase I (0.6 mg enzyme per mi 
water). Mixtures were incubated 4 h at 37 °C and then layered 
on sucrose gradients in 9/16 x 4 inch cellulose nitrate tubes and 
ultracentrifuged for 16 h at 25,000 r.p.m. in a Beckman SW 27.1 
rotor. Profiles were obtained as in Fig. |. 


contain double-stranded DNA”, ts also aphid transmitted, and 
has particles 24 nm in diameter. ° 

GYMYV, the only whitefly-transmitted virus so far purified in 
sufficient quantity for characterisation, is superficially similar to 
several other viruses or virus-like particles of plants or fungi!®"**. 
But there are as yet no reports on the nature of the genome of 
any of these particles. In size and nucleic acid type, GYMV 
most closely resembles the parvoviruses, small icosahedral 
viruses of animals that contain a single-stranded DNA 
genome!®-=!, Preliminary studies (unpublished) suggest that the 
DNA of GYMV may also be single-stranded. Thus*G Y MV and 
perhaps other whitefly-transmitted viruses may represent an 
entirely new class of plant pathogenic viruses. 
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Biochemical characterisation 
of a serum thymic factor , 


THE search for biologically aetive peptides with hormonal 
properties has been intense. The thymus has been looked upon 


e âs a source of such materials by a number of investigators. but so 


far no generally accepted compounds have emerged'~*. We 
present here a sequence for a nonapeptide which is found in the 
serum of several anynal species, where its presence is thymus- 
dependent®~*. | | 

For some years we have been attempting to isolate and char- 
acterise this material, which we call FTS (facteur thymique 
serique) from the s@rum of various mammalian species?" in 
particular the pig®; the procedure for extraction jas, been 
described in detail elsewhere’. Briefly, it consists of dialysis and 
Sephadex column purification, the stages of which are associated 
with a progressive increase in biolqgical activity. This has been 
monitored chiefly by quantification of the effect of the extract on 
a rosette assay. There is a general correlation between results 


© , obtained with this method and with more obviously ingmuno- 


logical restoration procedures (refs 9-13). The rosette assay 1S 
quick, reproducible! and amenable to a large-scale testing 
programme in spite of its somewhat esoteric nature. 

e Defibrinated pig blood (2,0001) was ultrafiltered through 
polyacrylonitrile membranes, concentrated on an Amicon 
UM2 membrane and subjected to gel filtration on Sephadex , 
G-25 (0.2 M phosphate buffer, pH 7.3). The active fractions were 
chromatographed on carboxymethyl cellulose (CMC)#0.02 M 
phosphate buffer, pH 6.3) and eluted with a NaCl gradient ina 
single peak at 0.12 M°NaCl (Figs 1 and 2). Active fractions , 
(1:4 10°) were lyophilised and subjected to gel filtration On 
Sephadex G-25 packed im 5% acetic acid, and then on Sephadex 
G-10 in distilled water. The assay of biological activity used at 
each stage of purification'®!* is based on the capacity of thymic 
extracts to render spleen rosette-forming cells from adult, 
thymectomised (Tx) mice sensitive to inhibition by anti- serum 
and azathioprine. The pugity of FTS thus isolated was assessed 
by (1) the presence of a single spot in thin-layer chromato- 
graphy (TLC) «in five different systems; (2) reproducible 
stoichiometry of amino-acid composition: Asx, Ser,, Glix, 
Lys, Gly, Ala; (3) the absence of detectable amounts of these 
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Fig. 1 Elution of pig sefum ultrafiltrate on Sephadex G-25 (0.2 M 
phosphate buffer, pH 7.3). FTS activity was evaluated by the 
sheep cell rosette 6 conversion assay. A, Proteins; @, FTS. 
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amino acids in the control unhydrolysed sample. Sequence 
studies were performed by Edman’s technique as modified by 
Gray”, using dansylation for free amino group determination. 

As no NH, terminus could be identified in generab, the 
sequence technique was applied to a tryptic digest with thee 
following result: Ser~Glx-Gly~Gly—Ser. The COOH terminus, 
Asn, was evaluated, after treatment with carboxypeptides A, by 
dansylation. In éne sample a faint glutamic acid spot was seen 
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‘ f Table 1 Principal biological activities of partially purified natural FTS 6 
p | Concentration doSe References 
@ Conversion (Komuro and Boyse assay$ in vitro 0.i ng mim 22 
in vivo 15 ng per mouse 2 
Enhancement of the generation of alloantigen reactive cytotoxic T-cells in Tx mice 15 ng weekly (per mouse) 13 
Induction of suppressor T-cells in NZB mice assayed using antibody production 
against polyvinyl pyrrdlidone : 15 ng weekly (per mouse) 12 
Enhancement of mitogen responses in nude mice (in vitro) Ing min? 9 
in adult Tx rats (in vive) j 75 ng (per rat) ° 24 
Normalisation of the abnormally high level of autologous erythrocyte binding cells 
in adult Tx mice 15 ng (per mouse) 11 
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FTS was isolated on the basis of its action on the sheep cell rosette assay’, 


+ 
as the NY, terminal residue after dansylation; Edman degrada- 
tion successively revealed Ala and Lys. The only amino-acid 
sequence compatible with all data reported above is: 


Glx—Ala—Lys~Ser-Glx—Gly--Gly—Ser—Asn. 


The,amino group of residues 1 and 5 is still uncertain. It is 5 


likely, because of the difficulty of identifying free amino groups, 
that most of the NH, terminal residues are in the pyroglutamic 
form at the end sof the isolation procedure (whether natively 
pyroglutamic acid or transformed in vitro). Such pyroglutamig 
acid, however, is apparently biologically active, for the blocked 
peptide is active in the rosette assay (as indicated by studies of 
biological material and confirmed by the activiwy of the synthetic 
peptide). Residue 5 is probably glutamine rather than glutamic 
acid inview of the isoelectric point of the peptide (7.3). 
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Fig. 2 Elution of Sephadex G-25 eluate after chromatography on 
CMC (0.02M phosphate buffer, pH 6.3) and addition of 
NaCl. @, FTS; ©, (Na+). 


A peptide has been synthesised based on our sequence (with 
pyroglutamic acid as the NH, terminal residue) by the Merck 
peptide group (West Point, Pennsylvania) using Merrifield’s 
technique of solid phase synthesis!*, The synthetic peptide has 
been shown to behave like FTS on TLC (five systems) and had 
the same elution volume on Sephadex G-25 (0.2 M phosphate 
buffer, pH 7.3 and 5% acetic acid). [ts biological activity was 
extremely high in the sheep cell rosette assay both in vitro and 
in vivo---of the same order of magnitude as natural FTS (Table 2). 

In conclusion, we have presented direct evidence for the 
presence in normal blood of a thymus-dependent nonapeptide 
of molecular weight about 900, which®adds. to the list.of bio- 
logically active peptides which could be hormones. The high 
activity of the synthetic peptide in the rosette assay of the 
peptide synthesised on the basis of the amino-acid sequence 
supports the specificity of its action. Its activity in various 
systems suggests that the natural peptide is involved in T-cell 
differentiation. These (Table 1) include (1) O conversion in 
vitrd** and in vivo?*; (2) enhancement of the generation of 


alloantigen reactive cytotoxic T;cells in Tx mice!*; (3) induction 
of suppressor T-cells if NZB mice assayed using antibody 


production against polyvinyl pyrrolidone'?; (4) enhancement of 
mitogen response in nude mice in vitro? and ATx rats in vivo™, 
e Py * 
td s 


and (3) normalisation of the abnormally high level of auto- 
logous erythrocyte-binding cells in ATx mice!!. But the mech- 
anism of such possible FTS involvement in T-cell differentiation 
is unclear. Most of the biological activities have been demon- 
strated in adult Tx and NZB mice which suggests that FTS 
effects the late stages of T-cell maturation. Too little is known 
tO implicate FTS in the first stages of differentiation. It is pos- 
sible that direct contact between T-cell precursors and thymic 





Table 2 Comparison of biological activities of natural and synthetic 
FTS 


Sheep cell rosette 9 Natural FTS Synthetic FTS 


conversion assay® 
l-5 x 10-2 pe ml"? 0.7 * 107? pg mi~? 


ue (1-5x107 M)  (0.7x107" M) 

in vivo 0.1 ng 0.1 ng 
Autologous erythrocyte- 

binding cells"! 0.2 ng 0.1 ng 





epitheliun) is then necessary whether or not it is mediated by 
huméral mediators. Alternatively, FTS may not be directly 
involved in T-cell differentiation in normal conditions and would 
be classified with previously described pharmacologically 
immunoactive peptides!®~*" which act in other systems. In eny 
case, FTS meght prove useful for the manipulation of T-cell 
subsets in vivo, particularly in clinical conditions showing subtle 
T-cell deficiency, probably involving the last stages of T-cell 
maturation, as is well documented in the spontaneously auto- 
immune NZB mice”, 
We thank M. C. Gagnerault, E Charveriat, I. Gaillard and 
B. Serrano for technical assistance; J. Harrfburger, Y. Blouquit 
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Lymphocytes suppressing both ° 
immunoglobulin production and erythroid 
differentiation in hypogammaglobulinaemia 


+ 

CELLS blocking immunoglobulin (1g) synthesis in vitro have 
been found among gradient-isolated blood mononuclear 
cells of individuals with variable immunodeficiency’™, 
immunodeficiency with thymona'*, infantile X-linked im? 
munodeficiency’, multiple myeloma’ and Hodgkin’s disease’. 
It has been suggested that the suppressor cells block ter- 
minal differentiation of human B lymphocytes’. The associa- 
tion of red cell aplasia and immunodeficiency states is well 
documented*. A circulating Ig capable of interfering with 
red cell formation has been demonstr&ted in several 
persons’. The majority of individuals with these dis- 
orders, however, have no circulating inhibitor of erythro- 
poiesis. In the present study, lymphocytes from two persons 
with immunodeficiency with thymoma, one of whom had 
repeated episodes of red cell agenesis, were cocultivated in 
assay systems in which human blood B lymphocytes and 
human bone marrow erythroid precursors differentiate in 
vitro. The results suggest that the ‘suppressor’ cells observed 
in certain immunodeficiency diseases may act on,both, lym- 
phocytic and haematopoietic target cells. e ° 

Two patients (S1 and S2) diagnosed as having immuno- 
deficiency with thymoma were studied. Ig values for SI 
wêre: IgG, 180; IgM, 0; IgA, 15 mg%; for S2: IgG, 305; 
IgM, 23; IgA, 22 mg%. Both individuals have had spindle 
cell tumours of the thymus removed and are currently 
receiving intramuscular gammaglobulin. Patient SI has had 
three episodes of red cell agenesis documented by a falling 
haematocrit, absent blood reticulocytes, and absent bone 
marrow erythroid precursprs. Remission was induced with 
steroids which hate been tapered to 5 mg prednisone daily. 
Patient S2 is haematologically normal. In a previous 
report", patient S1, referred to as B.D. lacked most surface 
Igs from ther blood lymphocytes, whereas S2 (M.P.) was 
in the normal range. 

Lymphocytes were isolated from sterile blood of patients 
Si, S2 and controls by defibrination over glass beads fol- 
lowed by centrifugation on a Ficoll-Hypaque gradient”, 
and cultured on the same day. Phagocytic cells were 
removed by sedimentation over a plastic Petri dish for 
60 min at 37°C. T lymphocytes were isolated by rosette 
formation with sheep red cells as descr¥fed previously”. 

Measurement of Ig synthesis in vitro has been described 
previously’'* (for experimental details, see Table 1). 
Erythropoiesis in vitro was studied by determining the effect 
of the patient’s serum and mononuclear cells on erythro- 
poiesis using the number of erythroid colonies formed by 
normal human erythroid precursor cells in response to 
erythropoietin (EP) in the plasma clot system™* (for details, 
see Table 2). o 

Cultured S1 and S2 mononuclear cells produced much 
less Ig in vitro than cells of normals in similar conditions. 
In single cultivation experiments shown on the top three 
lines of Table 1, the means for Ig production of 19 experi- 
ments on 14 normal controls were compared with combined 
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Table 1 Effect of blood mononuclear cells on Ig production of 
PWM-activated human lymphocytes 47 vitro 


* 


è Ig (k-+A) 
Lyntphocye * Na of S§ PS 
donort eexptste  c.p.m. (mean -is.e.m.) 
Single 
cultivation* 
N 19 236 +29 3373-31 
SI 7 6+2 t345 
S2 4 105 40 +24 
Co-cultivation*®. 
7 Si+™ 14 23+8 53+10 
SHEANADH): 2 37 42 
SI(T)S +N 2 43 10 
S24 N 3 47+12 129-111 
N-A N 4 261 402 


* In single cultivation experiments 4x 10° isolated mononuclears 
were cultured for 7 d at a concentration of 2x 10* cells ml~* in 
RPMI 1640 containing 17° foetal calf serum, 1% PWM (Grand 
Island Biol. Co., Grand Island, New ork); and penicillin, strepto- 
mycin, and glutamine as described*!*, At the end of the culture 
period the cells were washed, suspended in leucine-free MEM and 
permitted to incorporate” H-leucine (10 pCi per 10° cells) for 4h. Ig was 
determined on Triton-X-solubilised cell pellets and: spent®culture 
fluid fractions by a two-stage antibody immunoprecipitation pro- 
cedure’. The mixed antisera had specificity for both kappa and 
lambda light chains. Data expressed as c.p.m. per 10° lymphocytes 
are after subtraction of control tube. Only experiments in which the 
fontrol was < 35°% of the experimental results were considered valid. 
Cocultivation experiments were carried out with 4 10° cells of 
each cocultivant at 2» 10° cells mi~, Preliminary cocultivation 
experiments showed no difference in Ig production when the cell 
concentration was varied from | to 4x 10° cells mi~. 5 

+ N refers to normal control donors of lymphocytes. S1 and 52 are 
patients having immunodeficiency with thymoma. 

* In. the single cultivafion experiments 14 different normals were 
involved in the 19 experiments. In co-cultivation experimenta, S1 +N 
involved 6 different combjnations of co-cultivants: S2-+N_ involved 
3 different combinations and N +N involwed 4 combinations. 

$ S refers to the secreted Ig found in the culture fluid after radio- 
incorporation while P refers to the cell fraction. 

; Adherent cells were removed by leaving isolated mononuclear 
cells in a shallow plastic Petri dish for 60 min at 37 °C, decanting the | 
cells which remain suspended, and using them. Latex ingestion 
indicated less than 2° of the remaining cells were macrophages. 

© SHT) were T lymphocytes isolated by the sheep red cell rosette 
method. $ + 

PWM is pokeweed mitogen. 


results of experiments with S1 and $2. Individual experi- 
ments, from which the data in Table 1 were derived, 
generally included one patient and 1-3 controls tested on the 
same day. In such individual experiments there was. never 
overlap between the patient and controls; SI or S82 always 
produced 30% or less Ig than controls. 

Cocultivation experiments “between SI and $2 and 
normals demonstrated that both S1 and S2 blocked Ig pro- 
duction by cultured normal B lymphocytes. If the data are 
calculated as Ig c.p.m. as a percentage observed /expected 
(expected=1/2c.p.m. of normal+ 1/2 ¢.p.m. of Si or 82 
in single cultivation), S1 is < 20%; S2 is < 40%. When 
normals. were cocultivated together the observed / expected 
Ig production was close to 100% of the observed /expected. 

Results for secreted and cellular Ig fractions in Table 1 
were comparable, suggesting that the defect was not a 
failure to secrete but rather an inability to synthesise Ig. 
Si quantitatively had greater suppressor activity than $2 
in single cultivation and cocultivation studies. 

Table 2 shows data for the plasma clot erythroid colony 
testing. In the absence of EP (lines 1-4 of Table 2) no 
erythroid colonies were formed from bone marrow or lym- 
phoid elements. When EP was added, as seen in line five 
of Table 2, several hundred colonies were observed. Serum 
from SÍ or S2 did not significantly alter the number of 
erythroid colonies observed (data not shown). Mononuclear 
cells from normal subjects enhanced the number of ery- 
throid colonies: the differences nosed were significant: the 
figure in line 6 is the mean of 28 experiments. When 1 x 10’ 
lymphocytes frem the putative suppressor cells, SI and 52, 
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Table 2 Effect of mononuclear cell$ on erythroid colony formation by 
normal human bone marrow in vitro* 


¢ 
‘* Number of colonies per 


Additions to culture « 
Expt ~~ = 6 x 10° cellst 
1 None 0 
2 Normal BMC ° 0 
3 SI BMC 0 
4 S82 BMC 
5 EP 328 +27 
l e P<0.005 
6 EP-+normal BMC 449 +32 
7 EP+S81 BMC 4+2 
8 EP+S82 BMC 98 +2] 
9 EP+S1 BMC-+HC(10M ~)t e 16+ 
10 EP+S2 BMC+HCU0M~) 84+10 


II EsP+@1 (Adh)§ BMC _ 
12 EP+S1(T)) BMC 10 
13 EP+$2(Aah)§ BMC se 
aaa aai 

* I x 10° lymphocytes were used. 

+ Each value represents mean +1 s.e. of 3 separate studies each 
with 8 individual determinations. 

t Hydrocortisone. 

§ Adherent cells were removed by leaving isolated mononuclear 
cells in a shallow plastic Petri dish for 60 min at 37 °C, decanting the 
cells which remained suspended and using them. 

| T lymphocytes isolated by sheep red cell rosette method. 

BMC, Blood monocuclear cells. e 

Adh, Adherent. 

Bone marrow cells obtained from haematologically normal in- 
dividuals by aspiration from the posterior superigr iliac crest were 
cultured in the presence or absence of 2 IU EP as follows. Each 
marrow (6x 10° cells) was cultured with media containing either 
normal human or patient serum (0.05, 9.1 and 0.2 mi per culture), 
normal human lymphocytes or patient’s $mphocytes (0.5, 1, 2, 4 
aftd 6 x 40" lymphocytes per 6 x 10° marrow cells). The cultures were 
carried out for 5~7 d at 37 “Cina humidifjed atmosphere of 5° CO, 
in air. Only colonies composed of 8 or more erythroid cells were 
considered in the tabulation of the results. S 


' were added, there was significant decrease in the number 


of colonies. The degree of suppression is greater for S1 than 
for $2. Hydrocortisone (lines 9 and 10, Table 2) did not 
affect the suppression phenomenon, P 

When adherent cells were removed from S1 and S2 mono- 
nuclear cell populations (Tables 1 and 2) there was no loss 
of suppression in either the Ig production or plasma clot 
system. Isolated T cells could suppress cocultivated cells in 
both systems, suggesting that the suppressor cell(s) was a 
T lymphocyte. 

The data demonstrate that lymphoid cells which inter- 
fere with the maturation of both human erythroid pre- 
cursors and of B lymphocytes in culture are present in the 
blood of two persons with immunodeficiency with thymoma. 
By contrast, cells from kealthy controls stimulate the pro- 
duction of erythrocytes in the plasma clot system and leave 
Ig production essentially unaffected in the PWM-activated 
Ig production assay. 

T lymphocytes and adherent cells, which suppress Ig pro- 
duction in vitro, are present in a number of immuno- 
deficiency diseases”. Caution must be exercised in inter- 
preting these cells as aetiologic in view of recent data which 
show that suppressor T lymphocytes are part of the normal 
immunoregulatory elements in the immune response”: sup- 
pressor cells are induced by lectins dhd other agents”: and 
suppressor cells are found in the genetically determined 
disorder, infantile X-linked immunodeficiency’, in which an 
inherited defect determining suppressor cells would be less 
likely than the presence of such cells as an epiphenomenon. 
In the present study, the observations that SI possessed 
suppressor cells for erythroid cell development while in 
remission from her anaemia, and S2 had similar cells 
although haematologically normal, make it unlikely that 
„these cells were the solè cause of the anaemia in S1. 

Recent studies have focused on the role of ‘suppressor’ 


monohuclear cells in haematological disorders—particularly 
@ 
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disérders in which there is arrest of bone marrow ells. 
Suppressor cells of erythropoiesis have been found in cases 
of Diamond-Blackfan syndrome ustng the plasma clot 
assay'". There are recent observations implicating blood 
mononuclear cells in selected cases of aplastic anaemia’”’. 
The present paper, however is the first in which the same 
patient has been shown to have suppressor cells for both 
lymphoid and erythropoietic cells. 
The dack of change in suppression after removal of 
adherent cells and its production by T cells is consistent 
with the suppressor cells being T lymphocytes in both in 
vitro assays. It is not known whether sepdrate cell sub- 
populations are involved. Dissociation of suppression of Ig 
production from suppression of erythroid cell maturation 
has, however, been noted in cases of Blackfan~Diamond 
syndrome", and in primary immunodeficiency. | 
The difficulties in evaluating the relationship between 
‘suppressor’ cells and disease states is complicated by the 
different types of cells which may possess suppressor 
activity, and the differences between in vitro and in vivo 
«conditions. Nevertheless, the present data raise the pos- 
sibility that suppressor lymphocytes play a wole in the patho- 
physiology of diseases in which both lymphocytic and 
hematopoietic abnormalities coexist, 
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Reduced rates of 
proteolysis in transformed cells 


GrowTH of cells implies a net accumulation of intracellular 
proteins with the rate of protein synthesis exceeding the rate of 
protein degradation. It follows that the seemingly uncontrolled 
growth of transformed cells could be produced by a reduction 
in intracellular proteolysis withbut any concomitant increase 
in protein synthesis. In order to examine this hypothesis we 
have determined the rates of protein degradation in two pairs 
of (non-isogenic) cell types—non-growing rat liver hepatocytes 
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and -he chemically transformed Reuber H35 hepatoma, ‘and 
mouse BALB/c 3T3 fibroblasts and 3T3 fibroblasts transformed 
with Simian Virus 40%SV40). We have measured proteolysis 


over a wide range of insulin concentrations with cells incubated 


in either an enriched medium or a basal salts medium (step- 
down conditions). Insulin wase chosen because it inhibits 
intracellular. proteolysis in several cell types! and may have a 
major role in the normal regulation of proteolysis in vivo. 
We report here that transformed cells have a lower basal rate 
of proteolysis together with an increased sensitivity towards 
inhibition by insulin, two factors which will contribute to the 
rapid growth of such cells. _@ 

Cell proteins were labelled by a 16-h incubation with 3H- 
leucine and protein degradation was followed after an inter- 
vening 3-h chase (Fig. 1). This chase period is desirable for the 
effective: removal of unincorporated *H-leucine and essential 
to allow for the insulin-insensitive degradation of short-lived 
proteins*’, Leucine (2 mM) was added during both the chase 
and‘ degradation periods to reduce the specific activity of °H- 
leucine released from labelled proteins and thus suppress any 


reincorporation of isotope which would cause ,an apparent, 


reduction in proteolysis. 

We found substantial differences between hepatocytes and 
hepatoma cells in the overall rate and regulation of intracellular 
proteolysis (Fig. 1). Breakdown of 14% of the labelled hepato- 
cyte proteins occurred during a 4-h incubation in salts medium, 
This rate is 50% greater than found for Rgeuber hepatoma 
cells labelled and incubated in identical. conditions Further- 
` more, the .Jower rate of protein°degradation in’ hepatoma 
cells also occurred when the experiment was performed in 
Eagles Minimal Essential Medium (MEM. Insulin ‘addition 

at the beginning of the degradation period inhibited! intra- 
cellular protein degradation tn both cell types, but was effective 
at much lower concentrations in the hepatoma. Indeed. the 
insulin concentration for half maximum:inhibition tn Reuber 
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hepatoma cells was approximately 10~** M, over, two orders 
of magnitude less than the concentration required for com- 
parable inhibition. of proteolysis in hepatocytes (Table 1). 
Moreover, acrogs the whole, range of insulin concentrations 
tested, and even at doncenfratjons producing maximum in- 
hibition of proteolysis, rates of protein degradation in the 

hepatoma cells were still half those found for hepatocytes. 
The lower proteolytic rate and Higher sensitivity of protein 
degradation to insulin in hepatoma cells may reflect a differ- 
ence between growing and non-growing cells rather than a 
difference between tfansformed and normal cells. The omission 


Table 1 Insulin concentrations for half maximum inhibition of 
* protein degradation 


, Cell type edum e -e 


_ Salts MEM 
Rat hepatocytes _ 7x10- M * 1x10-°M 
Reuber H35 rat hepatoma 3x107 M 2x107 M 
3T3 (BALB/c3T3) mouse ° 
fibroblasts 3x10°M 1x10” M 
SV40 transformed 3T3 2x107" M 6x10- M 


Values were calculated from the data in Figs | and 2. 


of serum during the 3-h chase and 4-h degradation periods, 

owever, would restrict growth of the hepatoma line, especially 
when incubated in a simple salts medium without amino acids. 
It seems more likely therefore that the differences in proteolytic 
rate between the two cell types reflect a changed genotype 
independent of cell growth rates. 

This conclusion 1s supported by data obtained with, mouse 
3T3 and SV40-3T3 fibroblasts which differ by the insertion 
of viral genomet, Proteolysis measurements on t 
types show qualitatively similar results (Fig 2) to those des- 
cribed for hepatoma cells and hepdtocytes. Thus control 
rates of protein degradation ın nutritional: step-down 


b 
a 


Fig. 1 Proteolysis in hepatocytes and Reuber H35 hepatoma 
cells. Livers from fed, 150-g rats were perfused with medium 
containing collagenase to disperse the tissue®, Cells were isolated 
by shaking the dispersed tissue in perfusion medium at 37 °C 
for 15 mun, and filtration through nylon gauze. The cells were | 
pelleted by centrifuging at 50g for 1 min, suspended in calcrum- 
free Eagl@’s MEM? containing 25°"mg gentamycin, per 100 ml, 
and transferred to sterile centrifuge tubes. Aseptic techniques 
were then adopted for subsequent preparation and incubation 
steps with the isolated cells. The cell suspension was centrifuged 
as before, the supernatant discarded, and the cell pellet washed 
once in the same buffer A final suspension of approximately 
10° parenchymal cells was transferred'to 250ml of MEM 
containng 20mM  N-Tris {hydroxymethyl]methyl-2-amimo- 
ethane sulphonic acid (TES) pH 7 5, 25 mg gentamycin, 25 mg 
streptomycin sulphate, 15 mg “penicillin G, 25mg fungizone 
and enriched with amino acids and vitamins at twice the re- 
commended amount’, together with 10% foetal -calf serum 


© (enriched MEM). Aliquots of 5 ml of this diluted cell suspension 


were dispensed into 60-mm plastic, Petri dishes and transferred 
to a humidified incubator at 36.5 °C and gassed with 5% CO 
in air Almost all the hepatocytes’attached to the dishes =| 
after 24h the cells showed: a marked morphological change 
from’ birefringent ‘spherical cells to translucent flattened cells 
with clearly visible intercellular abutments. At this time the 
medium was changed’to one with similar constituents but 
* containing *H-leucine 1 pCi mi~? (specific activity 50 C1 mmol) 
- and with non-radioactive leucine omitted. The cells were 
incubated in this medi&m for a further 16 h to label intracellular , 
proteins The medium was then changed to MEM containing 
20 mM TES and 2 mM leucine but without serum (chasè MEM). 
After a further 3-h incubation the plated cells were washed twice 
* ‘with Earle’s salts and incubated either in a, Earle’s salts with 20 
1 mM TES and 2 mM leucine added (chase salts) or in b, chase 


MEM Insulin (Actrapid, Novo) was added .at the concentrations indicated. After 4h the cells were collected in medium by scraping 
with a ‘rubber policeman after addition of Triton X100 to a final concentration of 0.5%, then thoroughly mixed on a vortex mixer and 
protein was precipitated from 250-p! portions by the addition of trichloroacetic acid (TCA) to a final con centration of 20%. The ' 
TCA muxtures were kept for I h at 0 °C, centrifuged for 10 min at2000gand the radioactivity in both TCA-soluble and TCA-insolible 


fractions measured ‘using 


Solubilizer (Searle Nucleonics) in a toluene scintillation, solution”. 
percentage of total radioactivity in the TCA-soluble, fraction (ammo acids) after subtracting, the 


roteolysis was expressed as the 
CA-sohuble counts at zero time. 


Reuber H35 hepatoma cells"!, were grown to a similar density to that obtained with hepatocytes. Subsequent procedures were as œ 
for hepatocytes. Values shown for hepatocytes (@,@) and hepatoma cells (1, ME) are meafis + s.e m. for data on between 6 and 10° dishes 
at each insulin concentration Bator control incubations (C) in the absence of insulin, ° 
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Fig. Proteolysis in BALB/c 3T3 and SV40-3T3 cells. The cells 
were grown in enriched MEM. Labelling, chase conditions and 
washing were as described in Fig. 1, except for the omission 
® «Of foetal calf serum during the labelling period. Collecting 
and r&dioactivity measurements in cell protein, medium protein, 
cell amino acids and medium amino &cids were as described 
before”, Proteolysis is expressed as the percentage of total 
radioactivity in the sum of the two amino acid fractions. Values 





means 
centration and for control incubations (C) in the absence of 
insulin. a, incubation in chase salts: b, incubation in chase MEM. 


s 

conditions (salts) are 25° higher in 3T3 compared with SV40-3T3 
cells. A slightly greater difference is found when the comparison 
is made between the two cell types incubated in MEM. Further- 
more, proteolysis is more sensitve to inhibition by insulin 
in the transformed fibroblast than in 3T3 cells. Such differences 
(Table 1) are less than seen between hepatoma and hepatocytes, 
but there is still a 15-fold difference in the concentration of 
insulin required to inhibit protein degradation by 50°,. 

Lower basal rats of protein degeradation and higher sensi- 
tivity of the process to insulin inhibition will be important 
contributing factors towards rapid protein accumulation and 
growth of cancer cells. The lower basal rate of protein degrada- 
tion in transformed cells might represent a partially inhibited 
condition, This is unlikely, however, since the extent of insulin 
inhibition in transformed cells is at least as great as found for 
normal cells. Rather, the difference in insulin sensitivity might 

be due to greater receptor affinity on the plasma membrane of 
transformed cells. Alternatively, a higher rate of insulin de- 
gradation in the non-cancer cells might account for the higher 
concentration of insulin required to inhibit protein degrada- 
tion. But, this would occur only if the’receptor affinity in the 
non-cancer cells was great enough to account for the half- 
maximal effects on degradation in the cancer cells. This does 
not seem to be the case since the apparent Kp for insulin binding 
in both hepatocytes" and fibroblasts is lower (10 M) than 
needed to satisfy this restriction, and in good agreement with 
our calculation of the half-maximum effect of insulin on pro- 
teolysis in normal cells. Therefore we consider it most likely. 
* that transformed cells have a higher receptor affinity for insulin 
and that this largely determines their lower rates of protein 
degradation, although the mechanisms jnvolved remain 
obscure. . a 
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Thermogenic defect in pre-obese ob/ob mice 


YOUNG genetically obese (ob/ob) mice develop obesity even 
when pair-fe? to their lean littermates!~*. This is due to an 
unusually high metabolic efficiency, which we have suggested 
results from a reduction in the “maintenance increment” to 
the basal metabolic rate (BMR. Factors involved include 
the thermic effect of food and the thermogenic response to an 
environmental temperature below ¢hermoneutrality. Part of the 
evidence supporting this suggestion comes from the observation 
that mature ob/ob mice, and at least two other strains of 
genetically obese rodent, are unable to maintain their body 
temperature when exposed to cold®~". At 4 °C both the ob/ob 
mouse and the Zucker (fa/fa) rat rapidly die of hypothermia®’. 
In the mouse, thermogenesis rather than heat conservation 
has been established as the cause of the thermoregulatory 
defect". We now report that a defective response to cold is 
apparent in preweanling mice bearing the ob/eb genotype 
about 2 weeks before they can be identified as obese by visual 
inspection. From this a test based on the response to 4°C 
has been developed for the identification of ob/ob mice at 
17 d old. 

Exploratory studies showed that 17 d was the earliest age 
at which preweanling ‘normal’ mice can maintain their body 
temperature when placed in a cold room (4 °C) for up to 90 min. 
This age was therefore taken as the base-line for comparison of 
the response to 4°C of lean and ‘pre-obese’ animals. Litters 
were derived from lean parents heterozygous for the ob gene 
(obj ~~) since the obese (ob/ob) female is infertile and the obese 
(ob/ob) male is too corpulent to mate. Mice were placed at 
4 °C for up to 60 min and their rettal temperature was measured 
periodically. Each litter consisted of two groups: those in the 
larger group, although showing some change, could maintain 
their body temperature within the normal range; those in the 


$ 
Nature Vol, 266 3 March 1977 6 


smaller group exhibited a marked decrease and had a Idwer 
initial temperature. Temperature response curves of mice from 


nine litters are shown*in Fig 1. Mice unable to maintain a °* 


normal temperature were marked for subsequent identification 
and all members of each litter were returned to their nest. Each 
animal was then examined at 2830 d old, the earliest age at 
which obese individuals can be identified by visual! inspection. 
In all litters the mice that had been marked were obese and 
those that were unmarked were lean. Clearly, .17-d-qld mice 
with the ob/ob genotype are less able than normal mice to 
respond to the cold. i 
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Fig. 1 Rectal temperatures of 17-d-ọld mice in response to an 
‘ environmental temperature of 4°C Mice were removed from 
the nest and their initial temperature was taken by inserting a 
thermocouple (diameter <! mm) 10 mm into the rectum; the 
thermocouple was attached to a Comark 3001 digital thermo- 
meter Each mouse was individually caged and immediately 
transferred to a 4 °C room. Further temperature measurements 
were taken periodically. The results are expressed as the means 
+ s.e.m. for 39 lean animals (@), and for 16 animals that were 
subsequently found to carry the ob/ob genotype (©). At each time 
the temperature difference between the two groups was statistically 
significant, P <0 001, on the basis of a Students” retest e 


More litters were then examıned with the aim of using the 
impaired response to a 4 °C.cold stress as a test for the ob/ob 
gemotype. Such a ‘test. is essential if the metabolic changes 
preceding the development of obesity are to beelucidated. In 


total 133 mice from 19 litters were used. Before the experiment ~ 


7% were discarded gs either abnormally small or ın poor 
condition. .The rest were categorised as ‘definitely lean’ or 
‘definitely obese’ according to how they tolerated the cold. 
Some of those classified as definitely obese had such a pre- 
cipitous fall in temperature that they had to be returned to the 
nest before the full 60-min test was completed. 195%. of 
animals were predicted to be obese and 72.4% to: be lean; 


the genotype of all these animals was found to be correctly . 
predicted when they were examined for obesity at 28-30 d ~ 


(Table 1). A few (8.1°%) that could not be categorised readily 
were termed ‘tentatively lean.’ These showed a fallintemperature 
outside the normal range, but much less than for the ‘definitely 
obese’ mice. Of the ‘tentatively lean’ animals, two were found to 
be obese. and eight to be lean. Clearly at 17 d-old, individuals 
that will be lean or obese can be obtained with certainty from 
litters derived’ from heterozygous parewts. Genotype was 
predicted correctly for 98 ° of animals. 

The stressfulness of the method of identification seems not to 
be a problem, for we have not observed an increased morbidity 
or mortality in cold-stressed mice, nor have we found long 





Table 1 Prediction of the genotype of lean and ob/ob mice aged 17 d 
by their response to an environmental temperature of 4 °C 


Prediction Result > >a Ho 
Correctly 
Category No No. ohese No. lean predicted 
Definitely obese 24 24 0 100 
Definitely lean 89 9 ,  , 89 T 100, 
Tentatively lean ` 10 2 MOE.. 80 
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term effects on their growth rate and reproductive performance. 
Kaplan and Leveille® identified ob/ob mice between 18 and 20 d 
old by their reduced oxygen consumption at 25 °C. The main 
advantages of out procedure, apart from the marginal improve- 
ment in the age at which the gepotype, can be identified, are its 
simplicity and the ease with which many animals can be 
examined in a short time. i 
To investigate whether the thtrmoregulatory defect of 
ob/ob mice ıs detectable earlier than 17 d we examined the 
response to environmental temperatures less severe than 4°C 
in mice aged betweef\ 12 and 17 d. Animals younger than 12d 
could not be used because even our finest thermocouple probes 
caused rectal bleeding. With 12 d-old mice and an environmental 
temperature of between 15 and 20°C ob/ob and lean animals 
were sharply differentiated. The former showed a marked fali 
in body temperature within 15 min of exposute to®*the* cold 
(Fig. 2). The fact that defective thermoregulation occurs in 
ob/ob mice as young as 12 d indicates that a test similar to that 
for 17-d-old animals could be used*for their identification. “ 
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Fig. 2 Rectal temperatures of a litter of 12 d-old mice in 

response to an environmental temperature of 15°C Experi- 

mental details are the same as in Fig. 1. The animals fell into two 

groups, those subsequently found to be ob/ob (O) and those 
found to be lean (@). 


The koik reported here shows that the defective thermo- 
regulation exhibited by maturę ob/ob mice is not a secondary 
consequence of obesity. Because thesdefect in the adult animals 
is due to an impairment in the capacity for thermogenesis rather 
than in heat conservation®:?, the same cause presumably 
applies to the defect in the pre-obese animals. These results 
therefore support the suggestion that a reduction in the “main- 
tenance increment” of an animal’s energy expenditure ts a 
fundamental factor ın the increased metabolic efficiency that 
leads to obesity. In mice non-shivering thermogenesis is a 
major contributor to energy expenditure when the animals are 
maintained, as is usual, about 10°C below their critical 
temperature. Thus, reduced non-shivering thermogenesis may 
account for the enhanced metabolic efficiency of ob/ob mice. 
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scone RE NRT 
Post-weaning food oO | 
restriction reduces adipose cellularity | 


KNITTLE and Hirsch! reported that varying the calorific intake of 
newborn rats by manipulating litter’size dugng the 21-d suckling 
period followed by allowing free access to food after weaning 
caused the rats from small litters to have more adipocytes in the 
epididymal depot than rats from large litters. Hirsch and Han* 
reported that marked changes ın depot size fhduced by starvation 
or experimental obesity produced no change in total number of 
adipocytes in the epididymal and retroperitoneal depots of rats 
even when these alterations occurred as early as 6 weeks of age. 
These and other studies*~* suggest that it ıs the calorific intake 
between birth and weaning rather than later in life that plays the 
important role in establishing the cellularity of the adipose tissue 


depotsof the adult But we report here data which indicate that a , 


reduction in food mtake can markedly influence the number of 
adipocytes in the depots of adults even when initiated ds late as 6 
weeks of age. ° 

Barrier-bred SPF Fisher 344 rats (28 d old) (Charles Raver) weg 
kept in a barner facility. All rats were initially fed Ralston-Purina 
diet 5755. Body weight and food consumption were recorded for 2 
weeks after which the diet allotment for half the rats was reduced 
over | Week to 60% that of ‘ad libitum rats’ Rats on the restricted 
food intake received diet 5755-4 (Ralston Purina) which was 
identical to 5755 except the vitamin contént was increased so that 
vitami#consumption was the same in both groups of rats. Thus of 

the 20 rats killed at 6 months of age, 10 were fed ad libitum for their 

entire life and the other 10 were kept on the restricted food intake 
from 6 weeks to 6 months of age 

At 6 weeks of age, the 10 rats to be fed ad libitum throughout 
theii life (ad libitum rats’) averaged 93+2 7 g (sem) and the 10 
rats to be fed a restricted amount ọf food from that ume on 
(‘restricted rats’) averaged 96+5 7g At 6 months of age the ad 
hibttum rats averaged 344 +8 | gand the restricted rats212+42 2 
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Table 2 Adipocyte sıze and number of adipocytes in left epididymal 
and perirenal adipose depots 
Ad libitum Restricted 
rats rats 
Adipocyte diameter (um)®* eè 
Epididymal 107+2 4 84+ 3 Of 
Perirenal 1144-26 86+4 Of 
Adipocytes ( x 10°) per depot* : 
Epsdidymal 74+0 38 46+0 19t- 
Penirenal 614027. ° 39+0 17ł 


*Data ase means of 10 depots + sem 
tSignificantly different from ad itbitumded rats (P <0 601) 


have been observed ın many but not all species studied! 11-12, 

Although the number of adipocytes ın the depots increases well 
past weaning, itis generally held that the number found ın depots of 
the adult rat can be influenced by modifying calorific intake only 1f 
initiated in the preweaning period!->. Onthe basis ofthestudies with 
rats and on data obtained with man, it has been suggested that the 
time between birth and 2 yr of age is critical for the development of 
. humanadipose Leg and in the pathogenesis of human obesity?>. 
of human obesity!3, 

Although calorific restriction of adults has not been shown to 
influence the number of adipocytes in their depots, some nu- 
tritional manipulations ın adults do influence adipocyte number. 
High-fat diets increase the number of adipocytes ın the depots 
when fed to aduJt rats in the presence of adequate amounts of B 
vitamins!47!6, 

Our results show that the “number of adipocytes in the depots of 
adult rats can be markedly reduced by food restriction initiated 2 
weeks after weaning The preweaning period is thus not the only 
period sensitive to reduction in food intake in regard to establish- 
ing adipocyte number in adult depots. How much later ın 
childhood this nutritional regime can be initiated and still have a 
sizeable effect on adipose tissue cellularity 1s of great interest, but 
the design of our ageing research programme precluded obtaining 
such data, Whether food restriction initiated at 6 weeks of age 
leads to perfnanent reduction in adipocyte number (thatis, one not 
reversed by ad /ibitum feeding), as ts the case with preweaning 
restriction, was also not explored Itis possible that control of the 





Table 1 Left epididymal and penirenal adipose depot masses in fd libitum and restricted rats 


Adipose depot Total. decor, mass (g)* Depot mass (g) per totabbody mass (k g)“ 

Ad libitum rats Restricted rats Adtibitum rats Restricted rats 
Epididymal $0+0 25 17+0 16T 1464074. 79+0 74t 
Perirenal 5 1+0 21 1 5+0 17T ' 1474061 Š 73+0 77t 





Rats were killed by decapitation and P and epididymal fat depots were removed and placed in 0 994 NaClat 37°C Adipocyte size and cell number 


per spate te determined by a, metho 
was used 


modified from Stiles et al $, using type IV pela (Worthington lot 45M181X, 190 units mg). Crystal violet 
o stain the nucle: of adipod¥tes, collagenase, stromal material and the small, more slowly floating cells were removed from adipocytes by allowing 


the latter to float to the surfade of 15 ml digestion medium without collagenase’. The infranatant was discarded and the washing of the adipocytes was 
repeated twice This procedure did not influence the adipocyte size ee bunpN when compared to the procedure of Stiles etal which does not remove these 


contaminating materials before sizing the adipocytes 
*Data are means of 10 depots + sem 
tSignificantly different from ad /ibitum-fed rats (P <0 001) 


The restricted rats had smaller fat pads than did their ad libitum 
counterparts (Table 1) Furthermore, expression of these data as 
mass ofdepot per kg body mass showed that adipose tissue depots 
‘of the restricted animals contributed less to body mass than depots 
of ad libitum rats 

The mean diameter of the eer © in the epididymal or 
pertrenal adipose depots of the restricted rats was smaller than that 
of the adipocytes from the ad ltbitum rats (Table,2) The total 
number of adipocytes in the left epididymal and perirenal fat 
depots of the restricted rats was markedly lower than thenumber in 
the fat depots of the ad libitum rats. 

The pattern of development of adipose tissue in rats 1s well 
established?-’*® From the time of weaning until approximately 14 
weeks of age, the epididymal, retroperitoneal and subcutaneous 
, depots grow by increases*in both adipocyte size and number At 
about the age of 14 weeks to atleast 6 months ofage the cell number 
is neatly fixed?--1° Similar patterns of adipose fissue development 

+ 


development of adıpose tissue cellulanty may well be in the 
province of the paediatrician’ s work with schoolage children. 
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Proline analogue removes fibroblasts 
from cultured mixed cell populations — 


Primary cultures of cells from various tissues have become 
important tools for many experimental studies, but attempts 
to prepare primary cultures of specialised cell types “are 
frequently frustrated by the tendency of -ffbroblasts to 
grow more rapidly than other cells. During studies on 
procollagen biosynthesis by fibroblasts, -it has been found 
that if the cells are incubated with any.one of four proline 
analogues, the analogues are incorporated into protein and 
the incorporation of the analogues into. procollagen poly- 
peptides prevents the chains from folding into a triple 
helicial conformation”. We repé@rt here that if fibroblasts 
are grown in the presence of the proline analogue cis- 
hydroxyproline, their rate of growth is markedly limited. 
This may provide a simple technique for removing fibro- 
blasts from cultures of mixed cell populations. 

Fibroblasts isolated by controlled enzymatic digestion of 
the tendons of 17-d-old chick embryos, and primary cul- 
tures were prepared as described before”. „Addition of 
100 ne mi of cis-hydroxyproline (cis-4-hydroxy-L-proline 
or allohydroxy-t-proline; Ajinomoto) to. logphase cultures 
decreased the growth rate within 24h (Fig. la) and there- 
after the number of cells per flask decreased to less than 
the initial level. The same concentration of cis-hydroxy- 
proline had no effect on the growth of KB ctils (Fig, 1b), 
a cultured line of cells developed from a human epidermoid 
carcinoma. Also, iĦ had no effect on the growth of a 
neuroblastoma cell line (Fig. Ic). | 

Examination of varying concentrations of cis-hydroxypro- 
line (Fig. 2) demonstrated» that the growth of primary cul- 
tures of tendon cells in late-log phase was inhibited with 
50 ueml' or more of cis-hydroxyproline. Cultures of 
mouse L-929 fibroblasts were more resistant and a con- 
centration of 100-200 ug ml"! was required to inhibit the 
growth, The growth of neuroblastoma or KB cells was not 
affected with 200 ug ml“, but there was partial inhibition 
with higher concentrations. The sensitivity to cis- 
hydroxyproline was not related in any simple manner to 
the rate of cell growth; in the experiments reported here 
the doubling time was 16h for the primary cultures of 
tendon fibroblasts, 30h for the L-929 fibroblasts, 24h for 
the KB cells. and 24h for the neuroblastoma cells (Fig. D. 

The selective effect of cis-hydroxyproline on fibroblasts 
was further illustrated by preparing mixed cultures of 
fibroblasts and KB cells, and then labelling the cultures with 
antibodies specific for prolyl hydroxylase”, the enzyme 


which synthesises the hydroxyproline in ‘procollagen. The | 


antibody was conjugated with peroxidase and. located in 
cells by geacting the peroxidase with 3,3’-diaminobenzidine” 
(Sigma): Figure 3a shows that fibroblasts were readily dis- 
tinguished from KB cells in untreated cultures. In cultures 
treated with 100 ag ml”! of *cis-hydroxyproline for 7 d, KB 
cells were present but no fibroblasts were discernible either 
by morphology or a specific antibody staig for prolyl 
hydroxylase (Fig. 36). 
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In a separate series of experiments, cultures in late log 
phase were incubated with “C-proline aad then- assayed 
for non-dialysable “C-hydroxyproline’'", as a measure of 
the rate of progollagen synthesis. Cultures which were the 
most sensitive to cis-hydroxypyoline (Fig. 2) had the highest 
rate of procollagen synthesis (Table 1). Also, after mixed 
cultures of tendon fibroblasts and KB cells were grown in 
the presence of cis-hydroxyprolint for 5 weeks, there was 


Gell no. x 107° per flask 
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* 

. Fig. 1 Effects of cis-hydroxyproline gn the growth of a, tendon 
fibroblasts; 6, KB cells and c, neuroblastoma cells. Tendon 
fibroblasts were obtained from limited enzymatic digestion of 
tendon from 17-d-old chick embryos*. KB cells (CCL-17) and. 


every other day after inoculation. cis-Hydroxyproline (100 pg 
mi-i} was added to cultures at time indicated by arrow. Cell 


no apparent recovery of procollagen synthesis when the 
cells were subsequently subcultured without cis-hydroxypro- 


line for | week. Morphologically the cells were similar to 
KB cells. These results suggest that the fibroblasts were 
effectively removed from the mixed cultures, | | 

The effect of cis-hydgoxyproline on the growth of fibro- 
blasts in culture,might be explained by the previous observa-" 
tions indicating*that when cells are incubated ,with proline 
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Table 1 Effect of ais-hydroxyproline on synthesis of non-dialysable 
"C-hydroxyproline by cell cultures 





-hydroxyproline 





Cells Treatment, synthesised (d.p.m. 
per 10° cells per 
30 min) 
Tendon fibroblasts 5,691 
L-929 fibroblasts . 844 
KB cells < 100 
Neuroblastoma < 100 
Tendon fibroblasts e 4,974 
Tendon fibroblasts 
+ KB cells +cHyp, 6 weeks* < 100 
Tendon fibroblasts +cHyp, 5 weeks; 
+ KB cells —cHyp, 1 weekt o < 100 
. La a 


For labelling medium was removed from each flask that contained 
2-5 x 10’ cells on the 6th day after the last subculturing and fresh 
medium (without cis-hydroxyproline) containing | pCi mi~ of “C- 
proline was added (10 ml per flask) as described before*. In the 
second experiment, labelling period was 4h instead of 30 min and 
values are reduced proportionally to make them comparable to the 


first eXperiment. Assay did not permit detection of less than 100e 


d.p.m. of ™C-hydroxyproline. 

* Mixed cultures (1:1) of tendon fibroblasts from chick embryos 
and KB cells wege incubated continuously with 100 pg ml~ of 
cis-hydroxyproline (cHyp) through 6 subcultures over 6 weeks. 

t Mixed cultures (1:1) were incubated continuously with 100 Az 
ml~' of cis-hydroxyproline through 5 subcultures over 5 weeks and 
then for a 6th subculture without the analogue for | week. 

e 
analofues, the analogues are incorporated into procollagen 
and the procollagen containing the analogues cannot be- 
cpme triple helical’ 7. Several observations have suggested 
that tĦe secretion and deposition of triple-helical collagen 
on surfaces used to gulture cells nfay enhance the rate of 
growth of some fibroblasts in vitro™™. It is possible there- 
fore that cis-hydroxyproline limits the rate of fibroblast 
growth in the conditions employed here because it 
prevents the deposition of triple-helical collagen on the 
cell layer. This hypothesis, however, has not been explored 


me 
a 
-_ 
= 
-~ 


sv) 


of control) 





Increase in cell number (",, 


X) SO 100 t000 


JOO) 


SOU 


cis Hydroxyproline (pg ml ') 


Fig. 2 Dose dependency of effect of cis-hydroxyproline on the 

growth of cells. Various amounts of cis-hydroxyproline were 

added to cultures at mid-log phase about 48 h after inoculation. 

In each case the experiment was terminated after the cell number 

in control cultures had doubled. Cells used were tendon fibro- 

blasts (@); L-929 fibroblasts (A); KB cells (©); and neuro- 
blastoma cells (X)? 


in detail and it may well be that cis-hydroxyproléne decreases 
the growth of fibroblasts in culture by some entirely un- 
related mechanism. Nevertheless, use of cis-hydroxyproline 
is a simple technique which may be useful in preventing an 
overgrowth of fibroblasts, thus facilitating the preparation 
of primary cultures of other cell types. Other proline 
analogues which are incorporated into protein may be 
useful for the same purposes, althéugh 0.2 mM (25 ug ml") 
3,4-dehydroproline was found not to inhibit the growth of 
L-929 fibroblasts". 
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Fig. 3 Selective removal of tendon fibroblasts by cis-hydroxy- 
proline frm a mixed culture of tendon fibroblasts and KB 
cells. Equal numbers of tendon fibroblasts and KB cells were 
mixed and inoculated on coverslide inside a culture tube 
(Leighton type, Bellco) at a density of about 4» 10? cm~?. To 
half of the cultures 100 ug ml~ of cis-hydroxyproline was added 
at the time %of inoculation. The culture medium was changed 
every other day, and the cultures were maintained for | week. 
The cells on cover slides were fixed with §thanol-ether mixture, 
and then incubated with peroxidase conjugated to antibodies 
directed against chick prolyl hydroxylase. The samples were 
stained with 3,3’-diaminobenzidine as described before’. 
a, Photomicrograph of control sample. Tendon fibroblasts 
appear spindle shaped and are darkly stained. b, Photomicro- 
graph of mixed cultures treated with cis-hydroxyproline. Only 
KB cells are seen; the few darkly-stained bodies probably 
represent dead cells. 


We thank Ms Marie Zeydel for technical assistance. and 
the US Public Health Service for a grant. Antibodies to 
prolyl hydroxylase were a gift from Dr Richard A. Berg. 

WINSTON WHEI-YANG Kao 
DARWIN J. Procxop 
Department of Biochemistry, 
College of Medicine and Dentistry, 
New Jersey-Rutg%#s Medical School, 
Piscataway, New Jersey 08854 


Received 1 November: accepted 14 December 1976. 


Takeuchi, T. & Prockop, D. J, Biochim. biophys. Acta 175, 142-155 (1969). 

Rosenblogm, J. & Prockop. D. J. J. biol. Chem. 245, 3361-3368 (1970). 

Rosenbloom, J. & Prockop, D. J. J. biol. Chem, 246, 1549-1555 (1971) 

Uitto, J.. Dehm, P. & Prockop, D. J. Biochim. biophys. Acta 278. 601-605 (1972 

Uitto, J. & Prockop, D. J. Biochim. binphys. Acta 336, 234-25] (1974). 

Jimenez, S. & Rosenbloom, J. Arch, Biochem. Biophys, 163, 459-465 (1974), 

; es K., Sakakibara, S. & Prockop, D. J. Biochim. biophys. Acta 420, 133-141 
(1976), 

Kao, W. W.-Y., Flaks, J. G. & Prockop, D. J. Archs. Biochem. Biophys, 173, 
638-648 (1976). r 

wri A.. Olsen, B. R. & Prockop, D. J. Biochim. biophys. Acta 285, 167-175 
(1972). e 

'0 Avrameas, S. & Ternynck, T. Immunochemistry 8, 1175-1179 (1971). 

H Juva, K, & Rrockop, D. J. Analyt. Biochem. 15, 77-83 (1966). 

I2 Lembach, K. J. Proc, natn, Acad. Sci. U.S.A. 73, 183-187 (1976). 

13 Keryar, S. S. et al. J. biol. Chem. 251, 503-509 (1976). 


IO *e & @ w= 


x 


<€ 


* + 


Nature Vol. 266 3 March 1977 ' E , 65 


‘ 
NN ~ which renin release decreased concomitant with increased sodium 


and PGF,, excretion'*'°. Thus, at high NaCl intake, the sodium- 


Prostaglandin F -9-ketoreductase as * conserving renin-angiotensin system may be blocked by the 

di f Y á k l d relative increase {h PGF, on reduced PG synthesis. In addition, 
a mediator 0 sa tinta e-relate distal nephron action of the anjidiuretic hormone may be un- 
prostaglandin-renin interaction _ opposed as a result of decreased PGE, formation'’'*. These 


mechanisms would, at high NaC! intake, facilitate a high sodium 

PREVIOUS studies have revealed a close relationship between the ` “a load to be eliminated poe small arine vonime as demonstrated i 
prostaglandin (PG) and the renin-angiotensin systems in the. a pea i ments (mineroid "i bee T m AD ee 
kidney'-* and we assume that both systems are intimately - oe aredayith two tole erase in urinary va ume) AOW Tae! 
involved in the regulation of salt and volume homeostasis and of >` ag aa ae wano = m o aaa de 
blood pressure. Changes in NaCl and water balance werefoundto p G E'I pi a APY > Gase a a Ie EAnE 
be important determinants of the activity and function of the). — “levels. Becauscol the stimulatory and relatively less oppo sed 
renin-angiotensin system® and it-has been suggested that PG. | | | 
synthesis is also modified by these variables*°-’. One factor- 
infiuencing the pathway and, thus, the consequences of altered PG oO gka 
formation is the enzyme PGE,-9-ketoreductase, which catalyses ©. - 
the interconversion of tHe antagonistically acting PGE, and — 
PGF,, (ref. 8). First direct evidence is presented herethatPGE,-9- 
ketoreductase activity is under the control of NaCl ingestion. We: ne 
suggest that this enzyme is an important mediator of salt.intake-. oe 
related prostaglandin~renin interaction. ee. 

PGE,-9-ketoreductase activity has been demonstrated in the. —_ 
renal cortex and medulla of several species, including man and 
rabbit?:!°. In our investigation in the rabbit, the effects of low and ô 
high NaCl ingestion on renal cortical and medullary PGE,-9- 
ketoreductase and plasma renin activity were gxamined. Since 
urinary prostaglandin excretion is assumed to reflect renal pro- 
staglandin biosynthesis’ ', urinary PGE, and PGF,, excretion ~) 
were also measured (Table | and Fig. 1). At high NaCl intake, — 
sodium excretion was nine times, but the urinary volume was only - 
twice that at low NaCl intake. Plasma renin activity (PRA) was 
12.9 ng ml~' h”! atlowand decreased to 1.8 ng mi~’ h~ 'athigh. 
NaCl intake. At low NaCl intake, urinary excretion of PGE, per 
day measured 1.9 pgand of PGF,,2.1 ug, givinga ratio of PGE, to 
PGF,, of 11.1. PGE,-9-ketoreductase activity in reral cortex was 
0.61 £0.07 nM PGF, formed min”! mg”! (s.e.m., n ® l3pand 
in the medulla 0.1 +0.01 (s.e.m.. n = 13). At high NaCl intake, 
PGE,-9-ketoreductase activity in the renal cortex increased 
threefold to 1.7440.13 (sem. n = 10; P<0.001) and in the | 
medulla twofold to 0.19 +0.01 (s.e.m..n = 10; P <0.001). At the . 
same time urinary excretion of PGE, per day decreased to 0.53 ug, 
whereas that of PGF,, remained practically unchanged at 2.43 ug. 
giving a ratio of PGE, fo PGF), of 1:4.6. a 

The observed decrease in urinary PGE, excretion on high NaCl = 
intake may result from either a decrease in renal PGE, synthesis, caer: 
an alteration in PGE, metabolism at’ maintained synthesis, or 5c. 
both. The total amount of PGE, and PGF,, excreted in urine |. 0 | $ 7 
decreased at high NaCl intake, suggesting a lower. renal PG: : Incubation time (min) 
production. A réduction.in formation -or breakdown. of PG 
endoperoxides. however, could .only:explain the lower PGE, |. 
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PGF z4 synthesised (nM mg~*) 
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Fig. 1 Enzyme kinetic determinations of renal cortical (a) and 
JOR aa E, “2° medullary (h) PGE,-9-ketoreductase activity of rabbits at low (©) 
in hanged PGF,, excretion ~ «and high’ @) NaCl intake, respectively. Mean values are given as nM 
dings can best be interpreted © ` PGF., formed per mg protein (+ s.e.m.n = I3forlow.n = 10 for 
za tts apo. © high NaCl intake). NADPH-dependent PGE.,-9-ketoreductase ac- - 
2 metabolism on reduced PG. tivity was determined by the method of Stone and Hart’ with minor _ 





excretion but not account for th 
found on high NaCl intake. These fi 
in terms ofanaltered pathway of PG 













synthesis. The increase of renal cortical and medullary PGE2-9- - modifications. Cortex and medulla of the removed kidneys were 
ketoreductase activity, as demonstrated.in a ~ dissected. at 4°C. A 20%, homogenate was prepared in 9.2 mM | 


potassium phosphate buffer (pH 7.3) ata final concentration of4mM. | 
: MgCl, and 0.1 mM 1.4-dithioerythritol (Merck, W. G.). The 
Ae Pe ee, a eas suspensions of cortex and medulla were centrifuged for 60 min at 
hanged. Such a mechanism, > 100,000 g. The high speed supernatant fluids were dialysed for 24 h 
as been observed indisease states“ ° against 100 volumes phosphate buffer. Incubations were carried out 


and could thereforeexplain 
while Pur, excretion fer 
may be operative in man, sinc 








in which variations in sodium and volume homeostasis are | v 37 7 using 200 Aes RS seat T ee 
, . ha Aaa E Dr aaa ase, in a total v shosphate buffer, at fina 
accompanied bv changes oT te , ratio!?. w etoreductase, In a total volume ol OVU ju pnospna er, ati 
i P $ a p Crane ik ine lg an PGF, aan, © 2s 0 concentrations of] mM NADPH, (Merck. W. G.} as cofactor and 
ine decrease Ol PRA alter mgn. Nati intake confirms earher.. 1.2 mM PGB. (Upjohn, Kalamazoo) as substrate in excess ( > four- 


observations? and reflects. in these conditions, a decrease inrenin `’ 
activity within the juxtaglomerular apparatus. which regulates 
synthesis and release of this enzyme. /n vitro, renin release is ` 


fold Ky). At 0, 3 and 7 min, 100 al of the mixture were removed. The 
reaction was stopped by adding 500 yl ice-cold Tris-HCI buffer (10 
mM, pH 7.4, containing 0.1%, gelatinand 140 mM NaCl). and heating 
the samples for 2 min to 100 C. The amounts of POF,,. enzymati- 





increased by the PG precursor arachidonic acid, by PG en- cally converted from PGE), were analysed by RIA (ref. 9), Reaction 
doperoxides or by PGE,, whereas PGF, inhibits renin sec- velocity of PGE,-9-ketoreductase was calculated from the amounts 
retion'*'*+, PGF,, may have thi$ action also in viro. Therefore.the .. of PGF, generated per minute and per milligram protein, de- 


eis ou enir daa | f eee ‘termined by the method®of Lowry e? af. (ref. 25). 
decrease in PRA during salteloading could result from the. less * P.<(.001. Level of significance between values obtained in rabbits 


opposed inhibitory action of PGF», “On renin gelease. This `. onlowandhigh NaCl diet was determined by the unpaired Student's 
assumption is supported by recent findings in man and dog, in l E t test. . t 
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‘ Table] Effects of low and high NaCl intake on renal parameters in rabbits 
peeling oo ° | HWE | A 3 = T. 
‘ Urinury PGE, Urinary PGF,, 
NaCl intake = UV yaa z è Uy excretion excretion PRA 
(per 100 g food) Š -(mmold ”) (mid ') (pgd ') (pgd *) (ingeml ' ho‘) 
Low: (13)0.25 g 6.1+0.4 146+ 19+0.] °2.1+0.2 12.9+1.2 
High: (10) 2.50 g 53.8 +4* 2935:+- 1} 0.53 + 17* 2.43+0,3 18+0.3* 


[he effects of a sodium-depleted (0.25 g NaCl per 100 g food: or sodium-enriched (2.5 g NaCl per 100 g food) diet (Altromin. W. G.) on daily urinary 


sodium excretion (UV ,,) and urinary volume (UV ), PG E, and PGF,, excretion an 
Numbers in parentheses indicate the number of giumals. Experiments were c 


PRA in cross-bred rabbits. Values are given as mean + s.e.m 


arned out in rabbits kept in metabolic conditions for 10 d on either diet with 


drinking water ad libitum. Urinary parameters and PRA were measured in conscious animals the day before the kidneys were removed under pentobarbital 
anaesthesia for determination of renal PGE ,-9-ketoreductase activity, PRA was determimed by radioimmunoassay (RIA) of angiotehsin | as described 
previously**. PGE, and PGI 3, Were analysed after previous extraction and group separation of the urinary PGs on silici@acid columns ( Unisil. Clarkson 
Chemicals, Pennsylvania)!" !-. PGE, was measured in parallel by bioassay of PGE, (ref. 24) and by RIA usinga PG B-specific antibody after conversion of 


the PGE fraction to PGB'*. The correlation betwten values obtained with both methods was highly significant (1 
», antibody (Calbiochem. Pennsylvania)! !:'- 


was gdeteynined using a commercially available PGI 
D E et OY . P 


i 4 


= O.38N+4.9>r = 0.94). PGF,, excretion 


€ P<0.001. Level of significance between values obtained in rabbits on a low and high NaCl diet was determined by the unpaired Student's 7 test 


action of PG endoperoxifies or PGE, on renin release, the 
stimulated renin activity could then initiate the sodium-conser\ ing 
mechanism’. In addition. at low NaCl intake. increasing PGE, 
levels*may enhance distal tubular sodium reabsorption'’, andè 
further support the effectiveness of the stimulated sodium- 
conserving renin-angiotensin system. 

We therefore propose the concept that the activity of renal 
PGE,-9-ketoreductase is dependent on NaCl ingestion or sorfe 
factor related to salt intake. Our results suggest that this enzyme is 
intimately involved in adjusting the gcuvity of the 
renin gingiotensin system and distal nephron function in response 
to varying levels of NaCl intake. Thus, renal PGE,-9- 
ketoreductase may play a pivotal role ia the regulation of NaCl 
and water balance. Finally, the demonstration of PG synthesis and 
ol PGE »-¥-ketoreductase activity in blood vessel walls! *7° may 
provoke new speculatfons on the finding that vascular reactivity 
and blood pressure are influenced by the state of NaC! balance 
(refs 2] and 22) 
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Myopia and eye enlargement 
after neonatal lid fusion in monkeys 


THE aetiology of myopia has been studied mainly by 
investigating the distribution,of refractive errors in human 
populations’. No clear tonclusion has emerged, however, so 
the prevailing clinical attitude is that myopia can neither 


be prevented nor cured, but only corrected with appropriate 


~ . . e * . 
lenses. The mechanism of myopia can be rationally 
analysed only if a suitable animal model is found for this 
refractive condition. In the literature, there are only two 


"examples of experimental myopia. Levinsohn’ claimed that 


a high degree of myopia develops in young monkeys when 
the body is kept elevated above the head for long periods 
of time; his results, however, have been questioned’, 
Young’ induced myopia by exposing monkeys to a restricted 
visual space, but the refractive error thus obtained was 
relatively smal’. During investigations on monocular visual 
deprivation in monkeys" ét was noted that the eye in which 
the lids had been closed by suture at birth developed a high 
degree of myopia. We report here a study of the effects 
of neonatal lid fusion on the refractive state and anatomy of 
the macaque monkey eye. 

In 10 macaque monkeys (Macaca mulatta, Macaca 
arctoides) monocular or binocular lid fusion was performed 
at various tymes after birth. The surgical technique was as 
follows: ander general anaesthesia, the margin of both lids 
was &xcised lateral to the lacrimal papilla. The conjunctiva 
was removed for an additional couple of millimetres to 
prevent its ingrowth into the wound and the cut surfaces 
of the lids were approximated by silk mattress sutures ffom 
the lateral @anthus to the lacrimal papilla. Sutures were 
removed l-2 weeks after surgery, when the lids had fused 
and appeared as a thin, translucent diaphragm that attenu- 
ated light by about half a log unit. After a variable period 
of lid fusion (19d to 26 months) the palpebral fissure was 
re-established. Accommodation was paralysed with 2 drops 





Fig. 1 Eyes of a rhesus monkey in which the lids on the right (b) 
were fused at the age of 2 weeks and opened 18 months later 
(experiment 5 in Table 1). Suture threads mark the insertions 
of the qxtrinsic ocular muscles. The left eye (a) was normal. 


ofa 1“, solution of homatropine and the refraction of both 
eyes determined by using a streak retinoscope and hand- 
held trial case lenses. The corneal curvature was measured 
with a keratometer and thé fundus was examined. At 
various times after lid opening, animals were refracted 
again, used, for electrophysiological studies on the visual 
pathways and finally perfused through the heart with 10% 
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THE PMO THEORY OF ORGANIC CHEMISTRY 
by Michael J. 8. Dewas, University of Texas, and 


Ralph C. Dougherty, Florida State University. 
“The book succeeds admirably in its stated aim 
of demonstrating the power of the PMO meth- 
od, and does so in such a readable manner that 
it will be appreciated by a wide audience.” 576 
pages, illus., $42.00 hardcover, $15.00 softcover. 


PRACTICAL SCANNING ELECTRON. 
MICROSCOPY: Electron and lon Microprobe 


Analysis edited by Joseph I.Goldstein Lehigh Un- . 


iversity, and Harvey Yakowitz, National*Bureau 
of Standards. Foreword byT. E, Everhart.Provides 
step- by-step instructions for interpreting the 
output of the scanning electron microscope 
and the electron probe analyzer, as well as for 
selecting the right techniques for solving problems 
inthe course of operation.582 pages, illus., $42.00 


THEORY AND PRACTICE OF SOLID 
MECHANICS 

by Thomas H. Dawson, U.S. Naval Academy, 
Ann@gpolis. Perfect for engjneers and scientists, 
as well as students requiring an up-to-date intro- 
duction to advanced topics in solid mechanics, 
this important work deals with modern aspects, 
of continuum mechanics, and with classical 
theories of elasticity, thermal elasticity, viscous 
elasticity, and plasticity® of: solids. 2817 pages, 
illus., $29.40 

INTRODUCTION TO PLASMA PHYSICS 

by Frances F. Chen, University of California, Los 
Angeles. “This is the best introductory book on 
plasma physics yet published. The emphasis 
throughout is on providing physical insights into 
the principal concepts of the field, and it is the 
only book gn the subject which makes exten- 
sive use of physical models, illustrating them 
with a large number of helpful figures... . I can 
heartily recommend this book .. .’"-—Leonard 
M. Goldman, American Scientist. 329 pages, 
illus., $27.60 

CHEMICAL EQUILIBRIUM: A Practical intro- 
duction for the Physical and Life Sciences 

by William B. Guenther, The University of the 
South. A modern presentation of aqueous 
chemical equilibriam, oriented to the needs of 
students and researchers in chemistry, biochem- 
istry, geochemistry, and erNVironmental fields, 
this important textbook goes beyond the tra- 
ditional chemical treatment of the topic by 
-o idealized models as well as their 
complete derivations. 248 pages, illus., $23.40 
QUANTUM MECHANICS OF ONE- AND TWO- 
ELECTŘON ATOMS 


by Hans A. Bethe and Edwin E. Salpeter, Cornell 





University. An excellent source of reference for 


= calculations pertaining to hydrogen-like and 
e helium-like atoms. 370 pages,*$10.74 softcover 


+ 


Wyoming. 


FOOD FOR LIFE by f. E. Deatherage, The Ohio 
State University. ‘‘Deatherage states that he has 
‘integrated... the basic concepts of physical, bio - 
logical, and social sciences relevant to the pro- 
blem of providing pgople with food.’ The vol- 
ume fulfills this objective in a rational and re- 
adable manner for scientist and layman alike. 
A must for any undergraduate collection.” 
Choice. 422 pages, 

ELEMENTS OF ORGANIC PHOTOCHEMISTRY 

by Dwaine O. Cowan, The Johns Hopkins Uni- 
versity, and Ronald L. Drisko, Essex Community 
College. A unique blend of theory, laboratory 
techniques, and experimental results in the field 
of photochémistry. Provides students with a 
solid introduction to the fundamental concepts, 
methodology, and reactions of organic photo- 
chemistry, while also serving as a reference 
source for chemists actively involved in re- 
search. 586 pages, illus., $33.00 i 


CONTEMPORARY QUANTUM CHEMISTRY: 

„An Introduction by J. Goodisman, Syracuse Uni- 
* versity. A beautifully written text that offers the 
student an outstandingly clear andconcise intro- 
duction to the theory and application of 
quantum mechanics. approx. 370 pages, illus., 
$39.00 hardcover, $15.Q0 softcover 
INTRODUCTION TO BIOELECTRODES 

by Clifford D. Ferris, The University of 
“For the analytical microchemist, 
this text should be an excéllent source book for 
techniques. ... The clinical chemist should also 
add this text to his library. The text is written in 
a direct fashion and the theory is readily under-~ 
standable... .” — Samuel Natelson, Micro- 
chemical Journal, 243 pages, illus., $23.40 


ELEMENTARY PROBABILITY THEORY 

by Melvin Hausner, New York University. An 
introduction to probability theory that requires 
no bagkground in calculus. This textbook, illus- 
trating statistical and practical applications 
throughout, is ideal either for a one-term course 
in probability, or for the probability half of 
a one-year probability-statistics course, 310 


. pages, softcover, price not set 


STRUCTURE DETERMINATION BY X-RAY 

CRYSTALLOGRAPHY by M.F.C.Ladd, University 
ot Surrey, England, and R. A. Palmer; Birkbeck 
College, University of London. Offers a detailed 
tutorial introductiOn to- x-ray structure deter- 


mination, including fundamental methods in 
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Processing in Nemogu: Sea. 

by R. J. MacGregor, University of Colorado, and 
E. R. Lewis, University of California, Berkeley. 
Provides a comprehensive and integrated intro- 


ductory survey of various computer, mathe- 


matical, and engineering ngadels which have- 
thus far been devised to describe, stimulate, 
embody or characterize the ; rocessing of elec- 
trical signals in the nervous system. approx. 355 
pages, illus., $30.00 

THE NONCLASSICAL ION PROBLEM 

by Herbert C. Brown, Purdue University. With 
{comments by Paul von Ragué Schleyer, Univer- 


“sitat Erlangen-Nurnberg, West Germany. A bril- + 


Jant and systematic dialogue between Brown 
and Schleyer on the evidence and arguments in 
favor of the controversial theory of nonclassical 
dons produced in solvolytic processes. approx. 
235 pages, illus., $29.40 R 

ADVANCED ORGANIC CHEMISTRY , 

by Francis A. Carey and Richard Sundberg, 
University of Virginia, Charlottesville. This es- 
sential new work, certain to become the stan- 
he text for advanced organic chemistry, offers 
‘a clearly written and well-organized treatment 


of all aspects of organic chemistry for the ad- 


vanced undergraduate and beginning graduate 
student. Part A provides a thorough and detailed 
account of the basic structural aspects of or- 
ganic compounds and of the mechanistic fea- 


tures of Organic reactions. Part B emphasizes the 
¢ 


synthetic application of organic reactions. 
Part A: Structure and Mechanisms, approx. 570 


pages, illus., $47.40 hardcover, $15.00 softcover 


Part B: Reactions and Synthesis, approx. 510 
pages, illus., $47.40 hardcover, $15.00 softcover 
LIVING WITH OUR SUN’S ULTRAVIOLET RAYS 
‘by Arthur C. Giese, Stanford University. Aimed 
at the reader with a minimal scientific back- 






ozone layer and a variety of dangerous pollu- 
tants and discusses problems. of skin damage, 


including sunburn, premature aging, and cąpcer | 
induction as a result of- exposure to. the sun's 


rays. 185 pages, illus., $23. 40 
INTRODUCTION TO VECTORS AND TENSORS 


-by Ray M. Bowen and C.-C. Wang, Rice Univer- 


“sity. Written especially for science and engi- 
neering students, this two-volume text presents 
“a modern intrpduction to the basic concepts of 
vector and tensor analysis. Volume 1: Linear 


‘and Multilinear Algebra begins with a brief dis- = 
“cussion of algebraic structures “followed by a _ 
“detailed examination of the algebra of vectors 
_and tensors. Volume 2: Vector and Tensor Anal- 


Fground, this book critically examines both the _ 
‘harmful and healing effects of sunlight, and 
demonstrates how it influences human health. 
Emphasizes potential threats of a diminishing 











ysis concentrates primarily on the analytical and 
geometrical aspects of vetor and tensor fields. 


Volumes in the Matherhatical CoficeptS and | 


Methods in Science and Engineering series, 
Angelo Miele, editor. 


= Volume T: Linear and Multilinear Algebra, 241 


pages, illus., $23.40. 
Volume 2: Vector and Tensor Analysis, 193 
, pages, illus., $23.40 | 


| “THE GENESIS STRATEGY: : Climate and Global 


Survival by Stephen H. Schneider, National Center 
for Atmospheric Research, withLynne E. Mesirow. 
“This brilliant book by a young, concerned sci- 
entist is just what the world needs ... Relevant, 
timely, essential .. . buttressed with facts—but 
not too many for the layman to digest as a 
preparation for action.”-—-Margaret Mead. Se- 
lected By major book clubs. 419 pages, illus., 
$17.94 

CONTEMPORARY TOPICS IN ANALYTICAL AND 
CLINICAL CHEMISTRY: Volume 1. edited by 
David M, Hercules, University of Pittsburgh, 
Gary M. Hieftje, Indiana University, Lloyd R. 
Snyder, Technicon Instriments Corporation, 
and Merle Evenson, The University of Wisconsin. 
A new series designed to provide the research 
chemist with the most-up-to-date coverage of 
progress in analytical and clinital chemistry. 
Volume 7 features discussion on: high speed 


liquid chromatography of proteins;chemilumine- 
escence and bioluminescence analysis; environ- 
© mehtal studies of the atmosphere with gas 


chromatography; photodiode arrays for spectro- 
chemical measurements; and the applicatién of 

ESCA to the analysisof atmospheric particulates. 
approx. 300 pages, illus., 1977, $30.00 

OUR FRAGILE WATER PLANET An Introduction 


-to the Earth Sciences byC.L. Mantell, New Jersey — 


Institute of Technology and Consulting Chemical 
Engineer, and A.M. Mantell. Written in language 


easily comprehensible by the student, yet suffici- 


ently technical to be of interest tothe specialist, 
this important new book provides an aughor- 
itative introduction tothe structure of the earth 
and the forces that shape it—both natural and 
man- made. 221 pages, illus., $23 40 
DIGITAL ELECTRONICS AND. LABORATORY 
~ COMPUTER EXPERIMENTS by Charles L. Wilkins, 
iversity of Nebraska, Sam P.Perone, Purdue 
University, Charles E. Klopfenstein, University 
of Oregon, Robert C.Williams, University of 
Nebraska, and Donald E. Jones*Western Mary- 
land College. An excellent laboratory manual 
designed to teach by examplethe basic principles 
“ol digital electronics and minicomputer appli= 
cations in the laboratory. 283 pages, illus., $18.00 
E PLENUM PUBLISHING CORPORATION 7 


M227 West 17th Street, New York, N.Y. 10011 


United Kingdom: Black Arrow Holes: 2 Chandos Road, 
yndan, NW10 6NR, England 
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Table I Interocular difference in refraction and axial length following neonatal lid fusion in niacaque monkeys 
; | i - i 
Experiment Age at lid Duration of Difference in e Difference Macaca 
no. fusion lid fusion refraction i e inaxial °¢ species 
. (dioptre) length® ° 
| lid Od S o 1.0 oe mulatta 
2 Birth 6 weeks e -— 2.75 1.089 e mulatta 
3 lid 6 months ~~ 10. 1.077 mulatta 
4 . 4d 12 morfths —~9S F 1.10] arctoldes 
5 2 weeks I8 months PRS ap To -1,20% mulatta 
6 6 weeks 15 months ~8.5 Ms 1.108 mulatta 
T $ 12 months © 26 menths -4,5 1.010 arctoides 
8 enature 0 _ mulatta 


7 i7 months 





*Expressed as a ratio between axial length of the myopic eye and axial length of the normal eye. 


formalin. The eyes were enucleated, measured and pro- 
cessed for light microscopy; in some animals, the extra- 
ocular muscles were prepared for microscopy. 

To illustrate the effects of monocular lid fusion on the 
refraction and the anatomy of the eye, we describe an 
experiment in which results were striking and a compre- 
hensive morphological analysis was performed (experiment 
5 in Table 1). Lids were sutured in the right eye of a 
rhesus monkey at the age of 2 weeks and the fusion 
maintained for 18 months. Upon re-establishing the 
palpebral fissure, a normal conjunctival sac was found and 
the appearance of the exposed surface of ¢he eye globe 
was identical to the control side. The interocular difference 
in curvature of the anterior corneal surface was slight 
(average refractive powér in the right eye 51. dioptres, 
in the left eye 52,5 dioptres). Retinoscopy showed that the 
dioptric media were normally transparent and that the 
right eve was 13.5 dioptres more myopic. than the left eye. 
The appearance of the fundus was normak- furthermore, 
the physiological experiments indicated that the lateral 
geniculate bodies received normal retinal input from both 
eves. i 

At autopsy, the right eye was considerably: larger than 
the left eye (Fig. 1). Various eye dimensions were 
measured and some of the results are diagrammatically 
represented in Fig, 2. The most remarkable finding was a 
21%, increase in the axial length- ‘of the right ‘eye, as 
measured from the sq{mmit of the cornéa tothe projection 
of the fovea on the sclera (corresponding: to the point of 
entry of the lateral long posterior ciliary artery and long 
ciliary nerve into the eye globe); the increase in 
equatorial diamete® of the right eye was 7°, only. Corneal 
diameters and distance of the insertions of the rectus 
muscles from. the limbus were identical in both eyes, 
whereas the linear distance of the muscle insertions from 
the optic nerve was 23%, larger in the- Tight eye. Finally, 
the distance of the fovea from the centre of the optic disk 
was 18% larger in the myopic eye. l 

Histological. examination showed that the ‘posterior sclera 
was thinner in the right eye. Thickness of the cornea, 
choroid and retina were identical in both eyes. Also 
identical were the cross-sectional area of the ciliary 
muscle, the diameter of the optic nerve the structure of 
the optic nerve head, and the cross-sectional area of the 
extrinsic ocular muscles. 
© Thus, neonatal lid fusion caused an elongation of the 
eye globe, characterised by distension of. the postequatorial 
hemisphere and attenuation of the posterior sclera. Al 
remaining ocular structures seemed unchanged. | 

Table | lists the results of all. of our monocular lid fusion 
experiments. It shows that the degree of myopia caused 
by lid fusion increased with the duration of closure, that 
the error of refraction was l&ss pronounced when dids were 
fused in older animals, anal that there was no change in 
the adult. It should be noted that there was somg variability 
in the response of different individuals to lid fusion, but 

® 


* 


another instance, 
rhesus monkey at the age of | week and opened 12 months 


opened 13 months later; 
dioptre myopia. The eaxial length was 23.25mm in the 


that all animals in which lids were fused @arly "in "life 
became myopic. ° 

In order to establish whether jhe refractive error was 
caused by a functional imbalance between the eyes, lids 
were fused bilaterally in a rhesus monkey at the age of 
¢ weeks. Eleven months later, —11-dioptre myopia, was 
present bilaterally and both eyes were equally enlarged. In 





10 mm 


Fig. 2 Diagram illustrating the effects of neonatal lid fusion on 
various eye dimensions. The temporal halves of the eyes are 
juxtaposed. (Experiment 5 in Table 1.) 


lids were fused in the right eye of a 
a ~10-dioptre myopia was present in the sutured 


Lids were subsequently fused in the left eye and 
this eve only developed a —6- 


later; 
eye. 


right eye and 22 mm in the left eye (the average axial 


length of theeye in the mature rhesus monkey was 19.34 mm 


+@0.14s.e.m., measured in 15 animals, right and left eyes 
pooled). These experiments confirm that larger refractive 
errors are obtained in younger animals and demonstrate 
that the development of myopia in each eye is independent 
of the functional state of the other eye. Finally, it is 
important to mention that myopia Persi unmodified for 
years after lid opening. . 

The myopia cgused by lid fusion is clearly of the axial 


type, for the corheal refraction is not affected wgnificantly. 


68 7 ‘ i 
The fact that the refractive.error is larger when lid fusion 
is performed eArly in life, suggests that this type of myopia 
represents a derangement of the development of the eye. 
Presumably, neonatal lid fusian somehows accelerates and 
accentuates a mechanesm which operates normally in post- 
natal life. Supporting this interpretation is the finding that 
the postequatorial segment of the globe elongates, whereas 


the anterior segment is relatively unaffected: in fact, it is 


known that in humans the cornea changes but little after 
birth, whereas the axial length increasgs dramatically’. The 
simplicity and effectiveness of the technique and the fact 
that one eye can be used as a control, indicate to us that 
monocular myopia caused by neonatal lid fusion in 
monkeys represents a useful animal model for myopia in 
gengralgand,that a study of its pathogenesis may provide 
insight into the development of this refractive error in 
humans. After a presentation of our results’, G. K. van 
Noorden reported incensistent changes in refraction 
following lid fusion in neonatal rhesus monkeys: we have 
no explanation for the discrepancy. 

We thank Dr Prabhat Sehgal and Ms Ellen Newhouse, 
of the New England Regional Primate Research Centre, for 
assistance. This investigation was supported by grants of the 
National Eye lastitute, United States Public Health Service. 
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Remyelination of CNS axons by Schwann 
cells transplanted from the sciatic nerve 


SCHWANN cells can remyelinate axons normally myelinated by 
oligodendrocytes. after either primary demyelination! 3 er sup- 
pression of myelination By X irradiation at the ume of myelin- 
ation? *. It has been suggested that the glial limiting membrane 
normally inhibits Schwann cell invasion of the CNS (ref, 2) and its 
reformation inhibits uncontrolled invasion by Schwann cells once 
this phenomenon has been initiated! ©. The Schwann cells in these 
situations are thought to arise from the nerve roots. | undertook 
experiments to determine whether it is Bosi to suppress 
remyelination following primary demyelination in an experimen- 
tal ammai. Iso the resulting demyelinated axons would be similar 
to those present in the multiple sclerosis > plaque. thatis they would 
remain demyelinated unrepaired by glifl or Schwann cells. Using 
such a lesion it would then be possible to establish if Schwann cells 
obtained from a source outside the central neuraxis would 
remyelinate these axons. In the past. attempts at transplanting 
peripheral nervous tissue into the central nervous system have 
shown very limited invasion of peripheral elements into the 
neuropil of the CNS (refs. 6,7) and it was hoped that the presence of 
large numbers of demyelinated axons would act as a stimulus for 
Schwann cell invasion®. In addition, intraspinal injections of 
lysolecithin facilitate ScHwann cell invasion of the CNS from local 
sources? '”. By abolishing this intrinsic Schw ang cell remyelination 


potential ard by substituting an extrinsic source of Schwann cells it 


® 
+ 


d « 


, . 
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mittht be possible to determine if persistently demyelinate@ axons 
in the CNS, similar to those in multiple sclerosis plaques, can be 
repaired by outside interference. | report here the preparation of 
areas of demyelination i in rats and cats which remyelinated only in 
the presence of added Schwann cells. 

The first step was to induce an area of primary demyelination 
which was incapable of being remyelinated with the cells available 
within the central neuraxis. that is. by oligodendrocytes or by 
Schwaan cells derived from the spinal roots. 

Intraspinal injection of lysolecithin (ly sophosphatidy! choline) 
induces an area of primary demyelination at the site ofinjgection in 
rats and tats?° and all the demyelinated axons re subsequently 
remyelinated either by oligodendrocytes or Schwann cells depend- 
ing on their location within the lesion. In order to suppress this 
remyelination the spinal cord caudal to Th,, spinal level was 
irradiated 2 weeks before the injection of lysolecithin with 4.000 
rad ot X rays (froma Marconi radiotherapy machine using 250 kV, 
15 mA.0.5 mmCu. f mmAl.f.s.d. 50 amforcatsand 32 cmforrats. 
under pentobarbitone anaesthesia). In rats and cats subjected to 
this procedure there was no evidence of remyelination when they 
were sybsequentiy killed (Table | and Fig. 1). These experiments 
therefore eStablished that X irradiation with 4,000 rad before 
demyelination suppresses both oligodendrocyte and Schwann cell 
remyelination, leaving large numbers of persistently demyelinated 
axons in the spinal cord (Fig. 1). 





the dorsal column 


Fig. 1 


Persistently demyelinated axons in 
following lyselecithin injection into the X-irradiated spinal cord (rat 


RA3).¢ « 4.4005 


In the second series of experiments with these two species a 1.0- 
cm length of dissociated sciatic nerve was placed over the injected 
area to provide a source of viable Schwann cells. The experimenta! 
procedure was as follows. At the time of spinal cord irradiation the 
cat or rat sciatic nerve was crushed at the mid-thigh level. A 
laminectomy was carried out 2 weeks later in the region of pa) eee 
the dura were ae and lysolecithin was injected intg the Goren 
columns as before? °. In most cases 3-5 xl of a 1.0%, solution of 
lysolecithin (Sigma) in saline were E mupto three sites using 
a hand held glass micropipett® attached to an Aglar syringe 
(Wellceme reagents) by means of fene polythene tubing. A 1.0-cm 
length of sciatic nerve was then excised distal to the previously 
made cı rush. desheathed and slightly teased in tissue culture media 
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SET pO age ope ge a ee ph ge Ge aa ee ee RE an geen ee gee ee a ee ar eee en ee Ep eg eT ee 


t 
“Experimental ir tree atment 

Animal Lyso- Fradi- Frans- . Survival 
i lecithin abn plantation time 
Rats 
R 68 T O QO 7W 
R 69 T O O TW 
R 52 O T O 7W 
R 53 F T O 18d 
R 54 F T -0O 27d 
R 55 . F - e pe Q 19d 
R109 T ® T T 33d 
R110 T T T 24d 
RILI T T T 24d 
RIL T T T 33d 
Cats 
RIOS T ° T Q 20d 
R128 T F O 7W 
R132 T T O 8 W 
R129 T T F 7W 
R130 T T T & W 
Ri3l T T F 6 W 
R133 F T T SW 


T. Te given: 0. enn none, + some: + +, manyi + de +. very many; W., week: d, days. 


Tabie l De aUes h DENER n experimental tr treatment and eens : 


under a dissecting microscope. The teased mass was placed over 
the exposed surface of the spinal cord gnd tucked under the dura. 
In some cases H was also pushed into the substance of the cord in 


the region of the lysolecithin injections. The wound was closed and 
animals were killed at various times after these procedures (Table 
1) by aortic perfusion with 4%, glutaraldehyde in phosphate buffer 
under pentobarbitone anaesthesia. The cord was removed and 
|--2-mm transverse slices from the injected area were post fixed in 
osmium tetroxide and embedded in Araldite. The effects of 
transplantation were assessed using l-um sections Stained with 


alkaline toluidine blue. . 
In all animals which received nerve transplants? with the 











Fig. 2 sche anncell remyelination ee ee of sciatic 


nerve (rat RIHI 


x 4.400, 


“Ty, pe of rem ryelination. 


Oligo- Schwann g 
dendrocyte cel? Persistent 
remye- remye- demye" 
lination lination lination Comments 
oe tet + - * Small deep lesion 
+ + +++ = Several large lesions 
~= =- No abnormalities 
— ~ +++ 
~ _* +++ 
ee Beare ega e nde 
= Par os Ventral lesion per- 
sistent demyelination 
-~ +R + + Ventral lesion per- 
sistent demyelination 
= s e alas a 
— + -+ Very small lesion 
-= ~- +t 
- ~ +++ 
~ = +++ 
~- ++ ++ 
e - +++ + s 
~ -— + Much Walerian de- 
° l generation and fibrosis 
iik ad oS i adon aen 


exception of cat R131, Schwann cell remyelination was present in 
the areas demyelifated by the injection of lysolecithin (Table 1) 
(Fig. 2). The extent of Schwann cell remyelination varied but in 
general was greater in the rats than the cats. Not all demyelinated 
axons were remyelinated, which in the rats may be related to tha 
short survival times; however | in the cats this failure to remyélinate 
completely may „pe due to*other factors because the persistently 
demyelinated axons occurred deeper in the cord than: those 
remyelinated by the Schwann cells. In the rats lesions in the ventral 
columns present in animals R109 and R110, showed no evidence of 
remyelination confirming the results found in the non- 
transplanted animals that the dose of irradiation used suppresses 
inherent remyelination, 

These experimefits show that it is ‘possible to prepare small 
locahsed areas of primary demyelination in experimental animals 
which do not remyelinate (Fig. 1); in this they resemble the 
persistently dtmyelinated plaques of multiple sclerosis. When a 
source of Schwann cells is provided the axons are remyelinated by 
these cells (Fig. 2): this is most marked with axons close to the 
transplanted cells but more distant axons may remain de- 
myelinated. Although the experimental system used to de- 
monstrate this phenomenon ts grossly abnormal, indeed 1s poten- 
tially lethal to the animal, it does show that it is possible to repair 


areas of demyelination which if*left alone would remain de- 


myelinated. The implication of this observation to human neur- 
ology must be considered, and factors which influence Schwann 
cell behaviour once they gain entry into the CNS should be studied. 
it remains to be determined if the presence of Schwann cells within 
the CNS is ultimately beneficial or harmful. 

This work was supported by the Multiple Sclerosis Society and 
the Wellcome Trust. 
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Anaesthetic and convulsant ethers 


act on different sites atthe, 5 
crab neuromuscfilar junction in vitro 

ATHOUGH volatile general anaesthetics, of the so called struc- 
turally non-specific type.“have been shown to affect synaptic * 
transmission! “, the underlying mechanisms are unknown. In view 
of their oil solubility, it has been suggested that these anaesthetics 
owe their depressant effect to the ability fo induce non-specific 
disordering of membrane lipids’ +. But some equally oil-soluble 
and structurally non-specific ethers are potent convulsants rather 
than anaesthetics* and theoretical considerations suggest® that the 
two groups act at different sites in the nervous system and therefore 
are More specific in action than assumed so far. In support of this, 
we now repert that each of a pair of representative agents, 
methoxyflurane. an anaesthetic and hexafluorodiethylether 


Control 
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Methoxyflurane 
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(HFE, Indoklon, Ohio Medical and Surgical Suppliers). gi con- 
vulsant, have different effects on excitatory or mbhibitory trans- 


mission at thecrab neuromuscular junction. We have found thatin 


the adductor muscle of the crab. Ocypeda cursor, which contains 
both glutamate and y-amino-butyrate (GABA) receptors. 
methoxyflurane blocks the action of glutamate but not of GABA. 
while HFE biocks the effect of GABA but not of glutamate. 
Muscle fibre cells were impaled with two micropipettes filled 
with 2 p KCI and having a resistance of 1-3 MQ. One electrode 
recorded voltage and the other injected curreht. Usually. hyper- 


to measure the effective input resistance of the celk. The voltage, F, 
and current, /, races were amplified s@itably and recorded on chart 
paper (Grass Polygraph model 79c). Membrane conductance. G, 
was computed as G = EV., The preparation was perfused con- 
tinuously with medium containing the desired drug at 22+2 C. 
The working concentrations of methoxyflurane and HFE were set 
at their clinically effective blood levels) t? 

Control 


AU taunuu uguugu uguugu: SAITESANESES TEVET BTEN ETANTE AIEEE 

Fig, 1 Intracellular recording of the effect of IOM methoxyflurane, CHCLCF OCH, on glutamate-induced fa) and GABA-induced fhi 
conductance change in a cell from the adductor musele of Ocypoda cursor, resting potenti —75 mV, input impedence 60 kQ. a, Voltage changes 
caused by square current pulses of 200-nA amplitude and 100-m duration in the following order: with 35x 10°°M glutamate: with glutamate and 
methoxyflurane: and with glutamate after removal of methoxyflurane. A, In the same sequence, voltage changes in the presefice of 5 x LOM GABA: 
a “ z s h eas é f .% ae : i 

GABA and methoxyflurane and GABA after removal of methoxyflurane. Time scale: | and 5-s marks. Downward deflection on time scale indicates 
start of transmitter application: upward deflection mdicates ts termination. Calibration, 5 mV and 500 nA. Inthese and subsequent experiments, the 
composition of the bathing solution was, m mM: NaCl, 453: KCL 12.8: CaCl,, 34: MgCl. 4.9; Tris buffer, 2. Muscle fibres were dissected and 

mounted according to Parnas efal.'*. x 
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Fig. 2 Intracellular reæording showing the effect of 104M HFE, CF,CH,OCH,CF,, on glutamate-induceg (a) and GABA-induced (h) 

conductance change in a cell from the adductor muscle of Ocypoda curser, resting potential — 78 mV and input impedence 25 kO fa) and 45 kQ fA). 

fg) and ib}, Voltage changes are shown in the s§me order and the deflections have the same significance asin Fig. 1. Calibration, 5 mV and 300 nA. 
F Experimental conditions were the same for Fig. 1. 
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Figure | shows results from a typical experiment with 104+ M 
methoxyflurane. When at first the preparation was perfused with 
5x 1075 M glutamate only, the muscle was depolarised and its 
input impedence decreased markedly. But after exposure of the cell 
to methoxyflurane for 5 min, followed by methoxyflurane and 
glutamate. the latter elicited a much reduced response. Eventually, 
when methoxyflurane was washed out, the original response to 
glutamate could be fully restored. This blocking effeceof methoxy- 
flurane was seen in eight cells where glutamate-induced eon- 
duction was reduced to 26 + 4°% of control. In identical tonditions, 
methoxyflurane did not block the action of GABA, which induced 
slight depolarisation and a marked reduction in membrane 
resistance. In eight experiments, the effect of GABA in the 
presence of methoxyflurane remained at 108 + 3% ofcontrol. 

Opposite results wereeobtained with the convulsant, HFE (Fig. 
2). No effect of 104 M HFE was recorded on the action of 
glutamate. Thus, glutamate-induced conduction in the presence of 
HFE was 99 + 3° (7 =8) of control. On the other hand, 10+ M 
HFE blocked the synaptic effect of GABA, and GABA-induced 
conduction was reduced to 5642" of control (n=8). This 


apparent specificity of action in one type of synaptic transmission 


rather than in the other became less pronounced with higher 





concentrations 0 ‘ugs. Thus, at 107° M.e 
the action of both glutamate and GABA (Fig. 3); methoxyflurane 
remained more active with respect to glutamate while HFE was 
more active with respect to GABA. a 

We infer that the blocking mechanisms of these drugs at the 
molecular level are basically the same, but that they differ in 
potency with respect to function, Measurements in the exophase 
show that the equipotent molar ratio of methoxyflurane to H FE is 
about 1:100 in depressing glutamate transmission but 100:1 in 
depressing GABA transmission. Glutamate and GABA are 
believed to be excitatory and inhibitory transmitters in the crab, 
respectively’; and probably they have similar functions in the 
mammalian central nervous system (CNS)*°. Extrapolated to 
CNS receptors? 1°, our results may explain why methoxyflurane ts 


ananaesthetic whereas HFE isaconvulsant. Also, the specificity of 


action of each agent seems to be incompatible with a model 

whereby. the drugs produce a non-specific disordering of bulk 

membrane lipids-*. Rather, they seem to affect distinctive sites, 

probably functionally different ‘proteins embedded in the same 
membrane. . ee 

_ This work was supported by the US~Israel Binational Science 

Foundation. We thank Dr A. Goldschmid for HFE and Professor 
bd 








Pathways for hydraulically 


° gud pamvotically-aidegeds 
ther drug suppressed. 7 ast 
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water flows across epithelia ` 

EVIDENCE linking an extracellular shunt pathway? for ions with 
intercellular junctions®, with reports that those junctions are 
permeable to large molecules such as sucrose”, inulin’, lan- 
thanum hydroxide’ and horseradish peroxidase® in various 
fluid-transporting. epithelia suggests that water could also 
traverse this pathway. There is evidence, moreover, for a high 
hydraulic-conductance pathway across gastric mucosa® and 
rumen’ if hydrostatic pressure is the driving force. Yet, except for 
the kidney proximal tubule*, measurements of osmotically- 
induced water flows across several ‘leaky’ epithelia have not in 
general yielded values’ consistent with a high-conductance 
pathway. It has been argued, also, that the extracellular shunt is 
not a significant route for osmotic flow in the gallbladder”. To 
investigate these apparent discrepancies, we have measured the 


hydraulic (Lp) and osmotic (Pos) conductances of rabbit corneal 


endothelium. We report here that a large conductance for both 
hydraulic and osmotic flows either is present or can be demon- 


strated in appropriate congition$, andethat its value is of the 


order expected for bulk water flow across the intercellular 


_ junctions. ° 5 . 


V2 r i 

The techniques for the dissection and mounting of the pre- 
paration, and the bathing medium’s composition have been 
described before". The corneal epithelium Was scraped off. The 
rates of transendothelial fluid movemeng and the corresponding 
steady-state values of Lp and Po., were determined by an auto- 
matic technique? which maintains the volume of the outside 


compartment constant. The transient rates from which P,. at 2 


zero time was extrapolated were determined by microscopic 
measurements of corneal thickness!, 

The effect of a hydrostatic pressure difference (AP) on the rate 
of fluid movement was determined as described in Fig. 1. The 
basal rate of fluid transport was usually measured with a AP of 
5 or 10 em H,O. After each change in AP there was a transient, 
followed by a period of reasonable statflitv. The effects were 
reversihie duging the 5-6 h of useful life of the preparation, 
then Lp increased progressively (Fig. 1), presumably due to cell 
deterioration. The long transients (Fig. 1) were attributed to 
changes in the thickness of the supporting stroma with AP. 
Evidence came from separate observations of isolated stroma: 
endothelium was scraped off and silicone oi! (20 cs) filled the 
inside (or aqueous) chamber, which limited water movements tg 
the stromal-outer chamber interface, Transient changes in rate 
of water movement due to changes in AP had the same amplitude 
and time course es those seen with endothelium present. 

The results ofall technically acceptable experiments are plotied 
in Fig. 2, and show that the flow is linear with the AP for most of 
the range examined. At the low end of that range there is a 
trend towards an increased dependence of fl@w on AP, but this 
poinfcould not be substantiated by reversing the AP because of 
technical limitations. For the linear interval, Lp was estimated 
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from Fig, 2 to be 83--11 pms? (FV, at 37°C: L&l emë m~). 
‘Edge damage’ was excluded as an influence in this value by 
mounting the preparation in the chamber, then clamping it with 
a cylindrical plug which left exposed only a 0.1-mm peripheral 
annulus. No leak was detected across this preparation even with 
a AP of 150 cm H.O. To accdunt for possible solute polarisation 
in the unstirred layers on both sides of the tissue, which could 
have led to an underestimation of Lp (ref. 14), we assumed that 
an increase in AP induced an outward flow which diminished the 
apparent inward flow due to transport. Unstirred layer widths 
and NaCl diffusion coefficients were either taken from 
the literature or assumed (inside: 6, = 350 um; Dy, = 
154x107 em?s; outside: 6, = 850 um; D, = LO 1075 
em’ s~'); taking for the basal rate of fluid transport a value of 
Jvc 4.5 yubh- om? at a AP of 10cm H.O (Fig. 2), sub- 
stituting into Cos Cpu EXP Jr /2D) (see later) for each 
interface and using Onac, = 0.6 (ref. 15) the corrected Lp is 
Ll4 ums, ä 

To determine Pos inward flow was induced by making the 
inside solution hypertonic with sucrose, while outward flow was 
induced by making both sides initially 80 mOsm hypertonic with 
sucrose and then lowering the tonicity inside. The results 
summarised in Fig. 3 show that the steady-state osmotic flows 
are not linear with the osmotic pressure difference (Am), just as 
is the case in other epithelia”, These steady-state osmotic flows 
were, however, preceded by transients, which prompted an 
investigation gf the osmotic flows obtained shortly after the 
imposition of a An. The results in Fig. 4 show that for the range 
10 < An < 80 m0sm the initial rate of osmotic flow is linear 
with Ar. The slope for the linear region (Fig. 4) is 166+12 
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dig: 1 Photograph of an experimental record, The height of the bars corresponds to the volume of fluid that traverses the preparation 
- and is subsequently reinjected into (or aspirated from) the outside compartment by a stepping-motor-driven syringe. The recorder is reset 
__ to zero at time intervals Ar, s@ that a graphical display of the rate is obtained. The preparation was supptrted by a hemispherical stainless 
-steel net, against which it was held.by hydrostatic pressure applied on the inside (aqueous side). Chart markings are at -inch intervals; 
changes in AP, Ar and chart speed are shown at arrows. Positive ordinate denotes inward flow (from stroma to aqueous) and vice versa. 
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Hydrostatic pressure difference 


um s~; the chord is 221 +16 ums which agrees with a value 
previously reported for the endothelial Pos. The error due to the 
delay imposed by diffusion of sucrose across the unstirred layer 
is estimated as 10-15°% after the initial 15s, so that for the 
present transients which last several minutes extrapolation 
appears permissible. A solution of the diffusion—convection 
equation €C/ér = De=C/éx*—JvdC/cx for the semi-imfinte 


((x-+-Jv.0)/2+/(Dt)]}, which for long times and comparatiyely 

small Jv tends to C = C., exp(Jv.x/2D). ‘Natural comvectién’® 

in the boundary layer also runs counter to diffusional delays. 
These results reveal either a high conductance (Lp = 114 
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um s7!) or a low ‘conductance (steady-state Pas = 26 um, s71), 
depending on the experimental conditions. The numerical 
values obtained for the high conductance are of a similar order 
of magnitude, suggesting that both hydraulic and osmotie 
flows could traverse the same high-conductance pathway. The 
dependence of gteady-state P,, on An c@uld be explained. by 
progressive ‘recruitment’ of the high-conductance pathway at 
the higher values of Am. We speculate that a similar mechanism 
might havea regulatory role in physiological conditions. 

The possibility that the intercellular junctions may be the site 
of this high-conductance p&thway is supported by arguments 
from two lines of reasoning. In the first, if the junctions are 
assumed to be water-filled slits which allow laminar flow, one 
has: Lp = a%b/12 nl, where a is junctional width, & is + total cell 
perimeter/unit area (10°cmcm~*), n is viscosity of water 
(6 1073 P) and J is fength of junctions (1 um). For an Lp of 
114 um s~? (0.8 x 1071! em?s g~') the junctional width would 
be 39 A. This figure is consistent with anatomical estimates 
(30-40 A) and with the fact that horseradish peroxidase (esti- 
mated diameter: 45 A) traverses these junctions’. _ 

In the second, if the junctions are assumed to be impermeable 
to water, the osmotic pathway would consist of the basolateral 
and apical cell membrane in series. If they are assumed uniform, 
from the P,, (t = 0) value, the P,, for the cell membranes 
would be 200 um s~. Although P.s values as high as this have 
been reported for erythrocytes, in the present framework the 
value found for the low conductance would be difficult to explain. 
For instance, a collapse of the intercellular spaces which would 
exclude the lateral membranes from the osmotic pathway would 
reduce the endothelial P,, to some 100 pm s7, rather than to 
the 26 um s~ found. On the other hand, if the high conductance 
is attributed to the intercellular junctions, the transition to low 
conductance can be explained either by flow, osmolarity and 
time-dependent variations in the apparent reflection coefficient 
of the junctions for solute, or by an actual change in. their 
conductance. În the extreme in which osmotic flow through the 
junctions becomes small, the low conductance value found 
would correspond almost entirely to a Pes of 30 um s™ for the 
cell membranes. Such a value is of the order of those found for 
other animal cells? such as the “inner membrane’ of frog skin 
epithelium! (24 um s~'), and for some types of lipid bilayers 
(19 um s~!) (ref. 19). . ° r yo y 

In summary; the possibility that the high-conductance path- 
way corresponds tè the intercellular junctions whegeas the low 
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Fig. 4 Initial rates of osmotic flow (extrapolated at ¢ — 0) plotted 


against the driving force. Average and s.e.m. values shown. The 

solid line was fitted by eye; the dashed line represents the chord. 

The basal rate of fluid transport superimposed (approx. 0.012 

um s7?) was neglected. The hydrostatic pressure difference was 
20 cm H,O. 


conductance reflects properties of the cell membranes seems 
consistent with the present results. The détailed role of each 
pathway in the fluid transport mechanism across this and other 
epithelia remains a central question. 
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Experimental model of ulcerative colitis 


AN experimental animal model of human ulcerative colitis 
has long been required. as there is no model with an 
immunological basis available. We report here the induction 
of inflammatory ulcerative changes in rat colon mucosa, 
similar to those of human ulcerative colitis. The lesions 
were Consistently obtained by an experimental procedure 
that induces specific adult anti-foetal tissue immuno- 
reactivity. x 

Rat foetal colon implants beneath the renal capsule of 
syngeneic adult rats developed, by 6d, acute inflammation 
and later ulceration of the mucosa morphologically 
indistinguishable from active ulcerative colitis. The sub- 
renal capsular implantation method for organ growth 
employed has been used as a model of delayed hyper- 
sensitivity of murine small intestinal mucosa in an allogeneic 
system'*. In the present experiments, the syngeneic 
implantation permitted survival of the colon implants which, 
althotgh mot rejected, showed continuing immunological! 
inflammatory damage of the mucosa. It is possible that 
ulcerative colitis and presumably other autoimmune diseases 
of man may follow or be exacerbated by immunorespon- 
siveness to foetal antigens, which may re-emerge in adult 
tissues in certain pathological conditions’. 

The syngerfeic rats were the Sprague-Dawley strain main- 
tained in Monash University by brother—sister mating: they 
accepted tail skin syngeneic grafts but not allografts. Ten 
male (250 g) and ten female (190 g) rats received sub-renal- 
capsule implants of descending colon from [6-18-d-old 
foetal rats from two litters obtained by caesarean section of 
pregnant females of this inbred strain. Halves of each 
descending colon were implanted into male and female 
recipient pairs. A left lumbar approach to the left kidney 
of, anagsthetised recipient rats was used in each case and 
the pairw of male and female recipients were killed at 48-h 
intervals, that is up to 20d. The time scale of changes in 
the implanted colon was further investigated in five male 
and five female Sprague-Dawley rats which were killed in 
pairs 3, 5% 21, 28 and 32d after implantation of colons 
from another litter of syngeneic foetal rats. 

With the single exception of ome rat after 28d, the 
implanted syngeneic foetal colon remained structurally and 
functionally viable as shown by vascularisation by recipient 
blood vessels and continued production by the mucosa of 
intestine-specific mucin which stained positively by immuno- 
fluorescence with a specific anti-intestine serum‘, and also 





Fig. E Rat foetal colon implanted beneath renal capsule of 

syngeneic adult for 6d. Note viable mucosa with prominent 

mucin droplets and a broad band of leukocytic infiltration 

beneath. (Paraffin section stained with haematoxylin and 
eosin; x90.) 
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with periodic acid-Schiff and alcian blue (pH 2.8). After 
6d the graft (in both male and female recipients) had 
become infiltrated by l#mphocytes and eosinophils (Fig. 1). 
By 12d many plasma cells were present and the mucosa 
was ulcerated with an abundant infiltration by neutrophil 
granulocytes at the sites of ulceration; the lumen of the 
graft also contained collections of granulocytes and large 
quantities of mucin (Fig. 2). Gradually over the succeeding 
days, the mucosa pecame depleted of mucin-secreting cells, 
and by 20d it was largely destroyed. These changes were 
found consistently in all the pairs up to d20. At d28, 
the implanted foetal colop in one rat was reducéd to a 
fibrous sac; in the other 28-d rat the implanted colon was 
well preserved overall, showing as the only pathological 
change, a microscopic mucosal diverticulum invested by an 
abundant focal lymphoid reaction. In one of the rats killed 
on d 32, there was again good preservation of the implant 
with only microscopic ulctration, in the other 32-d rat, the 
implant showed advanced changes such as occurred in the 
12-21 d experiments. 

The sex of the foetal rats donating implants was not 
determined in the 15 rats from three litters used in the 
above experiments, but a sample from each rat was 





Ret, « *? ’ - Cee s 

Fig. 2 Foetal colon implånt at 12 d. Note ulcer lower right with 
conspicuous granulocytic exudate extending into lumen filled 
with mucin. Remaining mucosa looks viable but with less 
mucin production around the ulcer; it shows conspicuous 
submucosal leukocytic infiltrątion. (Paraffin section stained 
with haematoxylin and eosin; x 90.) 


implanted into male and female adult pairs. The findings 
in both male and female pairs of recipients were usually 
similar and no systematic differences were observed. We 
concluded that the pathological changes in the colonic 
implants are not attributable to sex-related antigenicity. To 
examine the strain specificity of the response, five male and 
five female Sprague-Dawley rats were given sub-renal- 
capsule implants of DA rat foetal colon. All of these allo- 
geneic implants were totally destròyed within 10d of 
implantation. 

Serum samples from the majority of Sprague-Dawley rats 
10d after implanting syngeneic foetal colon, contained anti- 
body reactive with foetal intestinal mucosa but not adult 
mucosa, as judged by indirect immunofluorescent staining’ 
(Fig. 3). This indicates an immune reaction in the adult rats 
to foetal antigens deficient in the adult animal. Such a 
reaction has been demonstrated’ by inoculating adult rats 
with syngeneic foetal intestinal material. 

The lymphocyte and plasma cell infiltration and the 
serum antibody activity can bee regarded as evidence of an 
immune response in the recipient to foetal antigens. The 
inflammatory and subsequent ulcerative reactions can also 


be attributable to immune rejection of foetal colonic 
e 








a 
Fig. 3 Immunofluorescent staining of rat foetal colon “mucosa 
by serum from adult rat implanted with foetal colon for 17 d. 
(Frozen section stained by sandwich immunofluorescence with 
P fluorescein-labelled rabbit anti-rat-globulin, x 110.) ° 


mucosa and experiments to establish this are in progress. 

The morphological features of the lesions in the foetal 
colon implants are similar to those of human ulcerative 
colitis, which is also believed to have an immunological 
basis’. Patients with this disease have circulating lympho- 
cytes which are cftotoxic to colon epithelial cells, and non- 
cytotoxic serum antibody directed against cytoplaSmic 
components of colon epithelial cells. This rat system 
should provide a useful new model for investigating im- 
munologically-determined colonic inflammatory diseast. It 
will be interesting to see*if it is possible to stimulate anti- 
colonic autoimmune activity in the recipient rats. 
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K-contractures and membrane 
potential in mammalian skeletal muscle 


A FUNDAMENTAL property of skeletal muscle fibres is the ability 
to develop tension in response to surface membrane depolarisa- 
tion. The relation between membrane potential ( Vm) and tension 
has been measured in amphibian muscle using external potas- 
sium concentration (K,) fo clamp Vm '~*. A  K-contracture 
follows exposure to high Ky, and tension is graded with Ky 
between 20 mM (Vm 50 mV) and 50 mM (Vm 40 mV). 
Human intercostal muscle, however, either does not respond 
mechanically to K, of 80 mM or gives a very small contracture’. 
It is not clear whether this is a result of diffusion delays in the 
large bundles of fibres or whether there is a basic species 
difference in excitation—contraction coupling. I report here 
that, in bundles of fewer than,20 fibres, the relationship 
between K-contracture tensien and K, is Shifted to higher Ky in 
rat muscle because ghanges in K, are less effective in altering 
Vn. S ° : 
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Adult male rats were killed by ether anaesthes er i _ 6 

soleus, extensor digitorum longus (EDL) or siraomiasibid | 

muscle was- isolated; bathed-in solutio A (Table 1), and a 

bubbled with 95° To “Oo, and5% EO, wing dissection : at 20 °C. 

The sternomastoid hased and white segments and bundles of 

red or white fibres can be isolated’. Bundles were mounted in a —_ 

` rapid flow bath’ at 37 Ç. One tendon was fixed to an RCA 

valve and isometric tension“recorded on a Grass Polygraph’ 

pen recorder. Twitch tension was 2.5 and 2.8 kg cm~? in two 

sternomastoid bundles (cross-sectional areas measured after 

fixation for electron. microscopy). The tetanus to twitch ratio 

was between 4:1 and 5:1 in whole muscles and small. bundles. 

Similar bundles from toad (Bufo marinus) semitendinosus 

muscles, in amphibian Ringers’ at 20 °C®* were also used. 
Recards fom mammalian. bundles. exposed to 80 mM Ky, are 

shown. in Fig. 1. Neither EDL (Fig. la) nor white sterno- 

mastoid (Fig. le) gave contractures although twitch tension 

fell quickly and recovered, after the return to 3.5 mM Ke within 

30 min (EDL) to 1 h (white sternomastoid) without potentiation. 

Contractures from soleus (Fig. 1b) and red sternomastoid C 

(Fige Id) bundles rarely exceeded twitch tension. Recovery of ` 

twitch tension in normal solution took 10 min (red sterno- 

mastoid) and 30 min (soleus) and was followed by potentiation. 

In the same system toad semitendinosus bundles gave contrac- 

tures of four and nine times twitch tension with typical platgau 

and spontaneous decay phases. Recovery of twitch tension took ——— 


i: 














Fig. 2 Contractures from a bundle of red sternomastoid fibres 
exposed to different K, for a period indicated by the horizontal 
bars under each record. a 90 mM Ka; b 112 mM Ky; c 135 mM 
+ Ka; d 158 mM Ka; e 180 mM Ka; f 200 mM Ke 45 min was 
” allowed between contractures. Test solutions of Ky up to 180 

mM were made with appropriate proportions of solutions C 
EESE n j and D (Table 1). Solution E was used for K, of 200 mM. The 
external chloride concentration was kept constant so that the 
K xCl product varied. Scale: tension, vertical bar, 100 mg, 

time, horizontal bar, 60 s. 


de 
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b 3 min inenormal solution and was followed by potentiation. 
Clearly the responses of mammalian and amphibian bundles to 


| š A 80 mM K, are significantly different, and rat mucles have a 
| j response similar to that reported for human intercostal muscle. 
The respenses (Fig. 1) seem to fall into two groups according 


to fibre type. The EDL contains mostly white fibres?’® and its 

response was similar to that of the white sternomastoid. The 

meena | soleus, which contains mostly red fibres, responded in a manner 

similar to that of the red sternomastoid. Comparison of 

responses with twitch speed gave no consistent relationship 

| since red and white sternomastoid bundles had similar contrac- 

C tion times and were five and ten times faster than the EDL and 

° soleus respectively. 

e The smaller K-contracture in mammalian muscle was investi- 

N E oe eee eee gated further in red sternomastoid fibres by examining peak 

contracture tension and Vm when K, varied from 3.5 to 200 mM. 

The solutions were hypertonic for Ky greater than 120 mM and 

so test and control solutions of 468 mOsm were used to avoid 

transient effects of tonicity on tension!’!!. Twitch tension fell 

by 80° or more in the hypertonic control solution while 

tetanic tension fell by 10°4 so that the tetanus to twitch ratio 
d was 20:1. ° 


* 
| | ha N ci | | Table 1 Solutions used 


Concentrations (mM)* 











daian Solution Na K Cl 
| A 165 3.5 174,5 
B 88.5 80 175.5 
. C 206 3.5 *216.5 
Fig.1 Tension during exposure to 80 mM K, (Solution B, 3 a 180 213.5 
Table 1)-for a period indicated by the horizontal bars under E 3g e rt z > 
each record. a, EDL¢ b, soleus; c, white sternomastoid; d, red a2 =e 
sternomastoid, Rapid vertical deflections are twitches (direct 
electrical stimulation). Scale: tension, Spe bar, 50 mg; *In addition each solution contained glucose 11 mM, Ca 2.5 mM, 
tinte, horizontal bar, 20 s (a and b) and 60 s (c and d). Mg 1.0 mM, HCO, 25 mM and HPO, 3.0 mM. 
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K, ub to 200 mM induced no contracture in white sternomās- - 


toid bundles. Contracture tension in red sternomastoid bundles 
increased with K, (Fig. 2). Tension in 200 mM Ky (Fig. 2 f) was 
10 times twitch tension but less than tetanic tension. Greater 
contracture tension might have been recorded if K, above 
200 mM had been used. Toad bundles developed maximum 
tension with 30-60 mM K,. Higher concentrations (up to 
120 mM) increased the rate of tension development, reduced 
plateau duration apd increased the rate of spontaneous welaxa- 
tion. Similar results have been reported for single frog 
fibres?!2:23, The kinetics of mammalian contractures (Fig. 2) 
showed a similar dependence on Ky. Tension in higi? Ky was 
shifted to higher K, in mammalian muscle. This can be explained 
by a change either in the relation between tension and Vm or in 
the relation between Vm and Ko. ig 

Vm was recorded in red sternomastoid fibres using intracellular 
microelectrodes filled with 3 M KCl and the average resting Vin 
was —65 + 1.5 mV. The steady-state Vm (after 3 min.) is plot- 
ted against log K, in Fig. 3: the line through the points has a 
slope of 28 mV, less than expected for a potassium electrode 
(61.5 mV) and less than reported for amphibian fibres (45 mV} 
with the same concentrations. The hypertonic conditions are 
not responsible for the observed slope, for points recorded in 
normal solutions fit the same line. The reduced slope would 
shift tension to higher K, in mammalian muscle. 

The time course of depolarisation of red sternomastoid fibres 


Fa (mV) 





—70 
3.5 io. 35 100 350 
i [K] (mM) 
Fig.3 Vm in mV, as a function of the logarithm of Ky in 


mM. ©), V,20: @, steady-state V,, from the same fibres. Each 
point is the average of three or four fibres and contains the 
standard errors. Tetrodotoxin (2 107" g mil~!) prevented 
action potentials and twitches. Bundles were stretched to 1.8 
times rest length to reduce contractures. The fibres were equili- 
brated in hypertonic solutions for i h before the experiment. 
WM. fibres in isotonic solutions. Curve a was drawn through 
the points by eye and line b was drawn through the Fm220 points 
assuming the relation between V,20 and log (KJ is linear. 









in high K, was surprisingly slow, taking 3 min, with a half time 
of 20-30 s, while repolarisation in 3.5 K, took 30 min. The time 
course was even longer in white sternomastoid fibres. But toad 
semitendinosus fibres, from bundles of a similar size, took 2 s 
to depolarise from — 80 to —60 mV in 20 mM K, with a half 
time of 4-5 s. It seems unlikely therefore that the time course of 
Vma in mammalian fibres is an artefact. 

The relation between tension and K, may be shifted to higher 
K, by the reduced rate of change of Vm if depolarised mam- 
malian fibres are subject to contractile inactivation in the same 
way as amphibian fibres”. Spontaneous contracture relaxation 
(Fig. 2) suggests inactivation, so that tension may be inhibited 

+ 
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before the steady-state Vm is achieved. Maximum tension was 


reached within 20 s (Fig. 2) and is therefore aefunction of Vim 
20 s after the solution change (Vn20). Vm20 is plotted against 
log Ky in Figure Jand is less than 59% of the steady-state Fm- 
The reduction in K-contracture tensiqn in mammalian muscle 

is a combined effect of the small change in the steady-state Vm _ 
and the slow time course of depolarisation following exposure = 
*to high Ky. In 80 mM K, mammaliart fibres respond to a Vm20 


of —51 mV while amphibian fibres respond toa Vm that 


quickly approaches —30 mV, a potential considerably more 
positive than the contracture threshold. The relation between 
tension and Fm in mammalian fibres is shown in Fig. 4. Com- 
parison with data from ref. 1 (see Fig. 4) shows that the true 
relation between tension and Vm is similar in mammalian and 
amphibian skeletal muscle. 





* + + 
1.0 ° 
. 0.8 * 
° ¢ 0.6 
g 
fa 
ne 
- 0.4 bs 
0.2 
ee ee a eee 
—60 E -50 -40 
Va (mV) 


Fig. 4 Tension (in relative units) as a function of Vm in mV. 
V was taken from V,,20 (line 4 in Fig. 3). The symbols are peak 
tension duri#g K-—contractures and records taken from one bundle 
have the same symbol. The solid line was drawn by eye. The 
broken line is for amphibian skeletal muscle, ref. 1. 


What are the reasons for the slope of 28 mV relating Vm to 
log K, and for the slow time course of Vm changes in sterno- 
mastoid fibres ? The 28-mV slope {Fig. 3) indicates that another 
ion contributes to Fm. This is probably not sodium because the 
resting sodium permeability is low and ouabain (107~*M) does | 
not alter Vm in 60 min. The ion is probably chloride, Concen- . 
trations of chloride are not in equilibrium with the resting Fm 
in several preparations'*~"’ and I have found that replacement 
of external chloride by sulphate increases the average resting- 
Va in sternomastoid fibres from —64 mV to —76 mV and 
increases the slope of the line relating Vm to log Ky to 44 mV. 
The slow time course of V,, is unlikely to result from diffusion 
delays for reasons given above. ‘Creep’ arising from. ion 
depletion in the T tubules'*’ was recorded and is greater in — 
mammalian fibres than in amphibian fibres with a time constant 
approximately 10 times longer. Restricted diffusion into the T 
tubules would increase the time course of changes in Vm- 

Thus, bundles of mammalian fibres develop less tension in 
high K, than bundles of amphibian fibres. The true relation 
between tension and Fm is similar in the two species but the 
relation between Fm and K, for a given change in Ke is different 
in two respects; first the change in Vm for a change in Kg is 
40° less in mammalian fibges and second the rate of change of 
Vm after an increase in Ko is more than 10 times slower. 
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Synthesis of phospholipids 

and membranes in prebiotic conditions 

td 

Ir is generally agreed that stable membranes were pre- 
requisite to the assembly of the earliest, self-replicating 
systems’ *, Phospholipids, which are ubiquitous in biological 
membranes and which self-assemble in aqueous environ- 
ments into stable lipid bilayers and vesicles‘, are obvious 
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candidates for prebiotic membrane components. W® report 


here the abiotic synthesis of various lipids, including 


membranogenic phospholipids. z 


Our rationale in establishing simulated primaeval conditions 
included considerations of possible precursors, energy 
sources, catalysts and the behaviour and stability of the 
reactants and products. Derivatives of 1,2-diacylglycero- 
phosphate are common membrane lipids, suggesting fatty 
acids,» glycerol and phosphate as precursors. Heat derived 
from the Sun was a major primaeval source of energy’, and 
recent evidence indicates that average temperate zone sur- 
face terfiperatures may have reached 70 °C ‘before 3 x 10° yr 
ago”, The abiotic synthesis of polypeptides, (molecular 
weight>1,600) at 65°C, in the absence of water or cata- 
lysts, has been detected in amino acid mixtures after incuba- 
tion times of 40d (ref. 7); we selected similar conditions for 
our experiments. Although various clays such as kaolin (an 
aluminum silicate) have been found to promote condensa- 
tion reactions in aqueous conditions*’®, this mineral is rare 
in Precambrian sediments". However, silicon oxide or silica 
is present in nearly all rocks", and silicate rocks have been 
shown to promote condensations in certain conditions’. We 
tested the catalytic properties of silicic acid (silica gel H) and 
kaolin as possible models for natural silica-containing sands 
and clays. (Since completing this work, we have learned that 
washed and ignited sea sand promotes polypeptide formation 
when heated with mixtures of amino acid’’.) Dicyanamide 
has been widely used as a possible prebiotic condensing 
agent, and as it has been shown to catalyse glycerol phos- 
phorylation in acid solutions’, it was included in some ex- 
periments. Our general rationale was that tide pools con- 
taining dilute solutions of glycerol, phosphate and cyana- 
mide, and having surface films of various hydrocarbon 
derivatives, could evaporate and produce mixtures of 
hydrophobic and hydrophilic compounds within a hot sand 
or clay matrix. 

To s¥nthesise neutral lipids, “C-glycerol and various C12 
lipids were mixed in duplicate vessels and the solvent was 


Fig. 1 Autoradiograms of “C-glycerolipids 
including mono- (MG), di- (DG), and 
triglycerides (TG). 50 nmol “C-glycerol 

me TIG (2x 108 dpm., ICN, Irvine) and 250 
m nmol C12 acid (RCOOH, Sigma), alcohol 
(ROH, Sigma), or aldehSde (RCHO, Aldrich) 
were placed in autoclaved microreaction 
vessels with loose fitting screw tops. In 
some cases, 10 mg kaolin (K, J. T. Baker, 
Phillipsburg) or silica gel H (S, Sigma), 
prewashed with acetone and chloroform- 
methanol, was added to the vessel before the 
removal of the organic solvent by vacuum. 
Reaction vessels containing aldehyde were 
sealed individually in small plastic canisters 
flushed with argon and containing a few 
CaCl, pellets. In one experiment using fatty 
acid’ and fatty alcohol, open test tubes were 
e used, without desiccant (reactants were sus- 
pended in H,O which was evaporated during 
the first 2-3 d of incubation). Lipid yield 
from fatty acid was indistinguishable from 
the experiment using vacuum-evaporated 
microreaction vessels. After 1 week at 
65 °C, total lipids were extracted in chloro- 
form—methanol or ethyl ether and chro- 
matographed on thin-layer plates of silica gel 
(F-254; EM Lab, Elmsford) twice in 
hexane-ethyl ether~acetate (100 . 200 : 1) 
(Fig. la), or once in a more complex solvent 
system” followed by the first solvent (Fig. 





1b). Autoradiography was performed with Kodak RP-Royal X-omat film; exposure times of 3-7 d at -e85 °C were followed by develop- 
ment in Diafine. One week exposure revealed 50-100 d.p.m. “C, Standard lipids were monolaurin (Sigma), dilaurin (Supelco, Bellefonte) 
and trilaurin (Sigma), run as interndl standards in some samples and adjacent to unknowns in some cases? Identification of unknowns is 
tentative, as it is based solely on TLC Rys ineseveral solvent systems (some samples were eluted and rechromatographed). Glycerol and 
x üpids were used as received, except fhe aldehyde, which was purified on silicic acid in hexane and stored under argon. 
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removed by vacuum or by evaporation during subsequent g A 
incubation at 65 °C. Relatively short chain, saturated lipids l . 
were used as precursots for glycerolipids because they are . 
fluid at 20-46 °C and are not labile to oxidation within the | Fi p ; 
chain. In some cases, prewashed kaolin or silicic acid was . 
added before the removal of the solvent. After drying, all 
samples were incubated for 1 week. Lipids were extracted 
and chromatographed on thin-layer plates of silica gel, 
placed over X-ray film for autoradiography, and the. radio- 
active spots were scraped for scintillation counting. Typical 
autoradiographic patterns are shown in Fig. f. Glycerol 
incubated along showed only a single spot at thé origin. 
Monoglyceride was the nfajor reaction product from fatty 
acid, and was also prominent in the fatty aldehyde samples. 
Also tentatively identified were 1,3- and 1,2-diglycerides, 
and small amounts of triglycerides and several unknown 
lipids, possibly long chain cyclic acetals of glycerol. Total 
yields of glycerolipids wese 3.1% from fatty acid and 7.7% 
from fatty aldehyde. Fatty alcohol formed little, if any, 
monoglyceride or other glycerolipid in the absence of added | ISES 
agents. With kaolin, however, detectable amounfs of , i 
labelled lipids (0.2% yield) were formed. ü ua 
Figure 2 compares the net yield of labelled lipid in the Lipid pr Peg RE RCOOH 
presence and absence of kaolin and silica gel. Surprisingly, Pas 
kaolin seems to inhibit the formation of labelled lipids from 
fatty acid, but has much less effect on the reactivity of 
glycerol-fatty aldehyde. Silicic acid promotes the formation f | mo Ep , 
of monoglycerides from fatty acid (3.8% yield compared to POOHY diane RCHO) at leona (RON). Radioactive 
1.8% yield without catalyst), but fnhibits the synthesis of lipids detected by autoradiography were scraped from TLC pl&tes 
more complex glycerolipids. into scintillation vials. One ml H,O was added and after I h, 5 ml 


As initial experiments suggested that monoglycerides and cocktail (‘Tritosol’ modified from Fricke*') was added. Per- 
centage vield is based on estimated initial 1.8 x 10° cpm, e 
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es complex glycerolipids could have accumulated ae though total c.p.m. recovered from samples free of K afd S 

evaporated tide pools, we selected an ether monoglyceride were substantially lower, due to vaporisayon of glycerol and 

(chimyl alcohol) as a precursor for phospholipids. Ether adsorption toecontainment canister when present. RCHO 

monoglyceride is stable in the conditions used and avoided Sn sare le Ea daar ha pas of eat : fa sagr aas 
E DEN | . : ut it was not feasible to count these spots separately from large 

the Requirement for large amounts of glycerol ane fat ty amounts of an unknown lipid running just below. Unlabelled 

acid in the samples. Silicic acid, kaolin and dicyanamide sections of bars in all other cases represent unidentified 

were tested as possible condensing agents. Duplicate samples compounds. 

containing ether monoglyceride, dodecanoate and prewashed 

silicic acid and kaolin were mixed by vortexing in 2 ml H:O ê 


confaining phosphate (20 mM) and glycerol (6.5 mM), or (PA), phosphatidyl glycerol (PG), and phosphatidyl gly- 
sodium dicyanamide (50 mM), or both (Table 19. All tubes cerophosphate (PGP), and some residual neutral lipids. 
were incubated sealed, for 12h at 65°C, then all but one Total yield af lipid phosphorus. was 0.2%, of the phosphate 


pair were allowed toeevaporate to dryness in the vented in the reaction mixture. Samples 1 and 4 each yielded 
oven. After 2d the open tubes were completely dry in <0.015% lipid phosphorus, suggesting:-that dicyanamide 
appearance and, after another 7 d, all tubes were extracted and evaporation together enhanced phospholipid synthesis 
with chloroform—methanol-Q.1 M KCI (ref. 14). Polar lipids more than tenfold. Several polar lipid-like compounds 
were precipitated ffom acetone and chromatographed on (ninhydrin negative) were present in sample 3, but no 
thin-layer plates. phospholipids were found. 

The polar lipid fraction from sample 2 (Table 1) con- To determine if the partially purifield phospholipids could 
tained phospholipids with Rs similar to phosphatidic acid form membranes, an aliquot from® the polar fraction of 


pauan Ta 


Table 1 Synthesis of phospholipid. All samples contained ether monoglyceride (chimyl alcohol, 10 mg, Sigma), dodecanoate (10 mg), pre- 
washed K (50 mg), prewashed S (50 mg), and sodium azide (0.01 % initial concentration). When present, phosphate was 20 mM Na, HPO,, 
pH 7.8, glycerol was 6.5 mM, and sodium dicyagamide (Aldrich) was 50.mM. Lipids extracted from alkaline samples after addition of 0.1 M 
KCI (ref. 14) were only partlysoluble in chloroform(C) orethylether (E), but readily soluble in C-methanol (M)(2 : 1). Polar lipids were precipitated 
by adding 10 volumes of acetone to | volume of C-E (1 : 1) containing partially solubilised lipid and storing at —20 °C overnight. Insoluble 
(polar) lipids were collected after centrifugation in a clinical centrifuge at 4 “C. Phospholipid was identifed by spray reagent?® and by the method 
of Lowry ef al.? after scraping spots from charred preparative plates of silica gel H run in C-M~H,O (65 : 25 : 4). Compounds similar to PA, 
PGP and PG were present at greater than 0.065, 0.016, and 0.005 umol lipid phosphate in the acetone fractions of sample 2. Samples 1 and 4 
each contained less than 0.006 pmol total lipid phosphorus. 
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Sample Treatment Phosphate Glycerol Dicyanamide — Phospholipid detected 
1 Aqueous + a Trace 
2 ° Evaporated -+ + -H 0.2% Yield 
to dryness . 
3 Evaporated = = a None 
to dr¥ness ® v 
4 Evaporated + +- = + Trace 
to dryness P 
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Fig. 3 Vesicles from polar lipid extracts of sample 2. a, Phase 
contrast micrograph (bar is 10 um) of lipid suspension (1 mg 
mi~, made by evaporating solvent from aliquot in small tube, 
adding 30 mM NaCl, 2mM Na;HPO, (pH 7.4), and warming 
to 50-55 °C for 1 min. b, Negative stain electron micrograph 
(bar is 0.1 pm) of above preparation after probe sonication 
(Bronwill Biosonik, Will Corp., Rochester, New York) for 10 s 
at 53°C. Vesicles were stained with uranyl acetate (1°%) after 
sample was applied to garbon-formvar coated grid and blotted 
dry. Note several lamellae (arrows). c. Freeze-fracture electron 
micrograph (bar is 1.0 um) of lipid suspension (5 mg mi~!) made 
by warming lipid film as above with the buffer containing 25% 
glycerol as a cryoprotectant. Note vesicles of various sizes 
(arrows). 





sample 2 was dried in a small tube. The sample was sus- 
pended in 30 mM NaCl, 2mM Na:HPO,;, (pH 7.4) by warm- 
ing to 50 °C in a water bath. After a few seconds, a slightly 
opalescent solution with no visiblg particles was obtained. 
Phase contrast microscopy revealed a heterogeneous sus- 
pension of apparent vesicles (Fig. 3a). Brief sonication with 
a probe sonicator at 50-55 °C resulted in à more homo- 
geneous population of vesicles (negative stain electron 
micrograph, Fig. 3b). A concentrated suspension, made 
without sonication in the above buffer containing 25% 
glycerol, was prepared for freeze-fracture electron micros- 
copy. This technique exposes the hydrophobic plane of 
lipid bilayer membranes And preserves the structure of 
lipid-water phases. The presence of lipid vesicles of 
various sizes in this preparation (Fig. 3c) confirmed our 
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light microscope and negative stain electron micgoscope 
observations. 

This work has implications concesning the possible origin 
of life on Earth. Although considerable progress has been 
made in the abiotic synthesis of important biomolecules, 
including phospholipid precursors, in simulated primaeval 
conditions’, the only similar studies of prebiotic glycero- 
lipid synthesis are those of Degans er al.*", who reported 
the synthesis of neutral lipids from glycerol and fatty acids 
in a water-kaolin mixture held at 85°C for 2 weeks. 
Neither reagent purity nor control experiments were 
described, however, and yields were relatively small (about 
0.1%). Our results show that both fatty acid and fatty 
aldehyde react rapidly with glycerol in the absence of 
catalysts to form the precursors of membrane lipids, and 
that phospholipids and lipid-membrane vesicles can assemble 
in possible prebiotic conditions. We suggest that silicates 
other than kaolin are likely to have promoted such 
syntheses. 

It is significant that phosphatidyl glycerol was apparently 
formed in our reaction mixture. This lipid, and its 
aminoacyP derivatives, are prominent in most prokaryotic 
membranes”. Our results show that membrane-forming 
lipids require only three precursors: glycerol, fatty acid or 
aldehyde, and phosphate. An alternative and well-studied 
model system for prebiotic membranes consists of pro- 
teinoid ‘microspheres’, prepared from concentrated solu- 
tions of amino acid polymers". There is general agreement, 
however, that biological membranes require lipid bilayers 
as barriers to free diffusion of metal ions and substrate 
molecules. Because our results show that membranogenic 
lipids are readily produced in simulated prebiotic condi- 
tions, we concur with suggestions (Goldacre in ref, 4)>*™ 
that lipid bilayer membranes could have been present before 
the accumulation of proteins, polynucleotides and other 
complex molecules. 
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The Science 
Dictionaries 


Three useful and up-to-date works of reference 
intended not only for students, teachers and 
researchers but also for science journalists and the” 
general reader. 

Each book is designed for easy use - entries are 
arranged alphabetically and defined under the most 
common form of term, with synonyms in brackets. 
S.I. units are used throughout and ali entries are 
thoroughly cross-referenced. 


A Dictionary of Life Sciences 
E. A. Martin 


The recent trend to treat the biological /life 

sciences as a whole rather than divided into 

separate units is reflected in this concise dictionary 
which brings together in one volume all the main 
branches of zoology and botany. Selected terms in 
related fields of biochemistry, endocrinology, animal 
behaviour and palaeontology are also included. All 
major plant and animal classes are fully described as 
well as the more important orders, and common 
names of animals and plants are cross-referenced 

to their appropriate taxonomic groups. 

1976 £5.95 392pp 


A Dictionary of Earth 


Sciences 
Stella E. Stiegeler ° 


The subjects covered here include geophysics, ° 
structural geology, geomorphology, oceanography, 
stratigraphy, palaeontology, sedimentology, 
climatology, meteorology, soli science, cartography, 
mineralogy, petrology and surveying. The terms 
defined reflect the recent modification of traditional 
concepts and the resulting development of 
terminology in the earth sciences. In soil science, 
for example, a new system of classification is now in 
in use, with a completely new terminology for the 
soil orders. e 

1976 £5.95 320pp 


A Dictionary of Physical 


Sciences 
John Daintith 


This book covers the main branches of physics, 
chemistry and astromony -~ from Abbe condenser to 
zoom lens and zwitterion. A selection of relevant 
terms from the related fields of electronics, computer 
science and mathematics is included. Full accounts 
are given of the properties and uses of the chemical 
elements and many of their compounds. All the 
chemical terminology used is that recommended by 
the International Union of Pure and Applied 
Chemistry. 

1976 £5.95 352pp 


For farther details please write to 
Rosemary Hamilton (N), The Macmillan Press, 
Little Essex Street, London WC2R 3LF. 








“Now Available... e 


VOLUME 2 ' s 


ESSAYS IN 
MEDICAL, BIOCHEMISTRY 


Edited by V. MARKS and 
C. N. HALES 


187 pp. £4.00 (US $8.00) by strfate’ 
mail to overseas addresses ` 
Volume 2 of Essays in Medical 
Biochemistry continues the practice 
established in the first of providing, in 
readable form, highly authoritative but 


personal reviews of topics that are of 


general interest to medical biochemists. 
The subjects chosen for review are those 
that have ufdergone growth as a result of 
major conceptual and technological 
advances, and include essays by 
acknowledged world experts on comple 
ment, trace metals, acquired disorders of 
haem synthesis and chronobiochemistry. 


List of Contents and Authors: 


The Human Complement System: 
Biochemistry, Biology and Pathobiology 
By D. T. Fearon and K. F. Austen 


The Clinical Value of 
Trace-Metal Measurements 
By H. T. Delves 


Acquired Disorders of Haem Synthesis 
By G. H. Elder ‘ 


A New Perspective: Chronobiochemistry 
By H. W. Simpson 


still Available: 

ESSAYS IN MEDICAL 
BIOCHEMISTRY VOLUME 1 
131 pp. £2.00 (US $5.00) 


Order From: 


THE BIOCHEMICAL SOCIETY BOOK DEPOT, 


P.O. BOX 32, 
COMMERCE WAY, COLCHESTER CO2 8HP, 
ENGLAND 
(or through yourbookseller) 


See 


Circle No. 08 on Reader Enquiry Form. 
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Announcing | 


Oxicology | 
letters - 


-An International Jou ral providing a forum for original and pertinent 
contributions in toxicology research. 





Managing Editor: 
_ A. WORDEN, Huntingdon Research Centre, Huntingdon, Cambs. PE18 6ES, U.K. 


Aims and Scope 
Toxicology Letters will iis the means for the publication of short papers that 
are considered by the Editors to be important to the advancement of Toxicology. 
It will cover, the following areas: 
the experimental toxicity of pharmaceutical, surgical, food, tobacco, agricultural 
and industrial products 

_ the investigation of environmental hazards to man, domestic animals andwildlife. 
reproduction toxicity i 
mutagenicity 
carcinogenicity 
metabolism : 

safety assessment 

clinical and veterinary toxicology 
behavioral toxicology 


Editorial Board: 

K.S. LARSSON, Stockholm, Sweden. D. LORKE, Wuppertal, W. Germany. D.B. MENZEL, 
- Durham, North Carolina, U.S.A. F.W. OEHME, Manhattan, Kansas, U.S.A. .« 

|.F.H. PURCHASE, Macclesfield, U.K. H.J. SCHUMACHER, Jefferson, Arkansas, U.S.A. 

S. TAKAYAMA, Takyo, Japan. H. TUCHMANN-DUPLESSIS, Paris, France. 

G. ZBINDEN, Zurich, Switzerland. 


1977 - Volume 1 in 6 issues - issue No. 1 scheduled for mid - 1977 
Subscription Price: US $50.75/Dfl. 124.00 including postage 
Specimen copies are available upon request from the Publisher. 


Please mention this advertisement in your enquiry. 


Journals are automatically sent by alr to the U.S.A. and Canada at no extra cost and to Japan, Australia and New Zealand with a small 
additional postal charge. 


ELSEVIER/NORTH HOLLAND 
BIOMEDICAL PRESS 


P.O. Box 211, Amsterdam, The Netherlands 


The Dutch guilder price ts definitive US $ ncas are see to exchange rate fluctuations 
Circle No. 09 on Reader Enquiry Form. i RAON RAAD 
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books 








Recommended reading 


During the past few years several publishers have produced series of books or pamphlets on specialist 
topics designed for use on undergraduate courses, particularly those in biological disciplines. Seven 
reviewers with experience of teaching such courses present here their impressions of the. extent to 
which these series have been successful, in their particular fields, as additional teaching material 


for students. 





THERE was a time when individual 
authors were able to wmte encyclo- 
paedic works about their subject, and 
they frequently conveyed therr infor- 
mation with an aur of bland authority. 
In botany, names such as Sachs, Stras- 
burger, Kerner and Oliver will geneysate 
waves of nostalgia among the older 
generation of plant scientists. In the 
early decades of this century, under- 
graduate courses could be taught using 
just one or two major texts as back- 
ground reading. Modern single-author 
textbooks are usually far more res- 
tricted in the topics they cover and 
rarely claim to summarise aH know- 
ledge concerning that subject, more 
often they are content to illustrate the 
basig principles of their subject by 
reference to specific examples. 

There have been some attempts at 
the encyclopaedic approach even in 
recent years, but such efforts have not 
been greeted with enthusiasm by the 
academic world. In these days of ın- 
tense specialisation éhe experts in each 
of the topics covered are sure to find 
fault with the section dealing with their 
pet topic in any such book. And, since 
no student will read a textbook from 
cover to cover, if they cannot have 
certam sections specifically recom- 
mended, they are unhkely to pick up 
the book at all. 

Multi-author books, sometimes with 
one or two editors involved in their 
production, represent one answer to the 
publisher’s dilemma. Such books are 
often very successful, but may suffer 
from an uneven style and quality. An 
alternative is the series of monographs, 
each written by a specialist in the field, 
and each relatively independent of the 
others This overcomes riconsistencies 
in style and permits a relatively low 
cost for each volume. This approach 
has been taken by many publishers 
both at research and at undergraduate 
levels. Pioneers in the undergraduate 
biology sphere have been Edward 


e i 
Arnold (London), publishers ọf the 
Studies in Biology series (hardback and 
paperback editions). 


Overall, this senes ` has probably 
been more successful than any other 
which has been attempted. The secret, 
of its success lies in the publisher’s 
skill in the selection of topics and 
determination of length (and, thereby, 
cost). For example, the first issue of 
the series was Ecological Energetics 
by John Phillipson (£2.25, 95 penoe) 
and this has become a classic of 
ecological literature within ats ten years 
of life. Fhe topic ıs sufficiently well 
defined *to be’ outlined in about fifty 
pages and has been admirably con- 


densed by the author. Similarly suc-, 


cessful issues have been Plants and 
Water by J. Sutcliffe (£1.30 paperback), 
Population Dynamics by M E. Solo- 
mon (£2.20; £1.10), and Photosynthesis 
by D. O. Hall and K. K. Rao (second 
edition, March 1976; £2.80; £1.40). It is 
difficult to avoid the temptation to 
produce broad topic books—such as 
Biology of Pollution by Kenneth Mel- 
lanby (£1.75; 75 pence) and Micro- 
ecology by J. L Cloudsley-Thompson 
(paperback £1.20)—which may do well 
on the bookstalls because of their 
general appeal, but which try to cover 
too great a scope to be valuable as 
course texts. The opposite end of the 
spectrum is also to be found in the 
series, particularly in the later issues 
are the publishers running short of 
ideas or authors?). This extreme is 
represented by topics which are concise 
to the point of having limited appeal, 
such as The Biology of Eucalypts by 
L. D. Pryor (£3.20, £1.60) and The 
Secretion of Milk by Ben Mepham 
(£2 80; £1.40). 


Plant Taxonomy by V. H. Heywood 
(£2.60; £1 30) has now entered a second 
edition (1976) and forms a useful intro- 
duction to experimental taxonomy. It 


contains some interesting chapters ons 


2 
chemical and numerical approaches to 
the subject which help to dispel the 
old-fashioned image of this subject. 
Genetics and Adaptation by E. B. Ford 
(£2.60, £1.30) is a new issue which is 
bound to sell well. The basic genetics 
are dealt with in two short chapters 
and the remainder of the book has a 
distinctly ecological flavour, dealing 
with such subjects as selection, melan-, 
ism and isolation. This should be Widely 
recofimended as æ background to a 
variety of biological courses, all first- 
year biology students should read i. 

Tissue culture ıs now a frequently 
used technique with which most 
advaneed level school biologists will 
have had some contact. Plant Tissue 
Culture by D.*N. Butcher and D. S. 
Ingram (£3; £1.50) provides a guide to 
the implications and applications of the 
technique and also supplies the prac- 
tical information needed for setting up 
simple tissue culture experiments in the 
laboratory. 

Two more specialised studies which 
have been issued during the past year 
are Phytochrome and Plant Growth by 
R. E. Kendrick and B Frankland (£3; 
£1 50) and Lichens as Pollution 
Monitors by D. L. Hawksworth and F. 
Rose (£2.80, £1 40). The former is a 
timely review of a fascinating and fast 
developing area of plant physiology, 
and once again it includes simple 
laboratory experiments. The second 
book is really an expansion of the 
authors’ paper in Nature (227, 145; 
197Q) It makes interesting reading, but 
is rather specialised for this series and 
suffers from the disadvantage that the 
taxonomy of lichens is sufficiently dif- 
ficult to put the application of this 
technique for pollution detection out 
of the reach of the average under- 
graduate. Species descriptions are in- 
cluded but a simple, iHustrated key to 
the more ‘mportant indicator species 
would have made this a much more 
useful book. . 
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The Tertiary Level Biology series 
(hardback andepaperback), published by 
Blackie (Glasgow and London), ‘also , 
aims at the undergraduate, | but has 
a more advanced . approach, tRus 
making it of value "to postgraduates 
too. Water and Plants by H. Meidner 
and D. W. Sheriff (£5.50; £2.90) is 
the latest issue in this series, and 
begins by describing the properties 
of water and the concept of wate? 
potential. In a logical order it then 
considers water vapour and transpira- 
tion, water transport in the plant, and 
the plant-soil relationship. This ıs 
certairfly not an introductory book and 
the undergraduate would need to be 
weaned on a lower level text, such as 
the Edward Arnold stédy by J. Sut- 
cliffe. It does, however, provide a full, 
thermodynamic and mathematical basis 
for understanding the current state of 
the study of plant—water relations. 

Hutchinson (London) have also be- 
gun a series of introductory studies in 
biology. The third and latest title in 
this series is Microbial Plant Pathology 
by P. J. Whitney (£4.95; £2.95)- This 
is a,well-produced and readable book 
which assumes no previous knowledge 
of the subject. It begins with an accaunt 


° eof djsease transmission which concen- 


trates on crop diseases, and which 
underlines the ecorfomic importance of 
plant pathology. It then considers in- 
fection, defence mechanisms and 
pathogen-induced reaction in the host 
species. It is a‘clear and concise in- 
troduction to the subject and i$ good 
value for its price. 

One of the latest issues in the Oxford 
Biology Readers series (Oxford Univer- 
sity’ London) also deals with plant 
pathology and is entitled The Control 
of Plant Disease (30 pence), by B. E. J. 
Wheeler (who, incidentally, is also 
author of Diseases in Crops in the 
Edward Arnold series). The idea be- 
hind the Oxford Biology Readers ıs 
brevity and, consequently, low price. 
These aims are undeniably achieved, 
but at the expense of depth. Usually 
they are about 15-30 pages long, and 
this kind of treatment demands very 
careful selection of material Some sub- 
jects are more suitable for a brief 
survey than others. Plant pathology 
cannot be covered adequately in 15 
pages although Wheeler does achieve 
am interesting mtroduction to the prob- 
Jem of disease control. The ‘éopic 
chosen for an assue in this series must, 
therefore, be relatively narrow in 
scope. For example, in the issue en- 
titled Stomata (60 pence), Heath 
admirably attains a detailed analysis of 
the physiology and mode of action of 
these organs. 

Oxford Biology Readers are per- 
forming a very different function from 
the other monographs reviewed here in 
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within each issue. Because of this they 
do not generally form a basis for a 
specific undergraduate course but pro- 
eide supplementary information on 
ertain topics within such a course 
This must limit their sales potential 
among undergraduates despite the high 


‘quailty of some ef these booklets 


Having examined several of the 
biological series currently being served 
up for yndergraduate consumption, 
one cannot help beimg impressed by the 
Edward Arnold’s Studies in Biology 
These appear to have struck the best 
length of treatment and selection of 
topics to meet the widest student 
demand. The publishers should be con- 
gratulated on anticipating so accurately 
the growing demand for this type of 
publication. Peter D. Moore 


a J 
Peter Moore is Lecturer in the *Depart- 
ment ef Plant Sciences, King’s College, 
University of London, UK. 


Brotocy has “become such a diverse 


subject, and one in which there are so 
many rapidly-developing areas, thať the 
single, comprehensive textbook covering 
the whole field has become largely 
obsolete. A new development has been 
the , production, of series of smaller, 
cheaper books, to which new, up-to-date 
titles on specific topics can be added as 
they become appropriate. Such series 
have the advantage that lecturers and 
teachers can selectively stock their 
libraries with material that 1s» directly 
relevant to their particular courses 
without having to pay for additional 


* material they do not require. 


The Oxford : Biology Readers» series 
(Oxford University: London) are 
essentially a series of essays on a variety 
of biological topics—some very specific, 
others more general—written by authors 
who are pre-eminent tn their particular 
fields. Each provides a concise and 
authoritative introduction to its subject 
They are well produced with clear 
photographs and excellent diagrams and 
they include fairly comprehensive sug- 
gestions for further reading They are 
excellent value and provide an invaluable 
source of basic information for students 

at advanced school and undergraduate 
levels. 

In Primate Locomotion (45 pence) 
Professor J. R. Napier describes tHe 
variety of locomotor patterns found in 
primates and discusses how these have 
evolved in relation to the habitats in 
which primates live and the various types 
of food that they eat. He also discusses 
the rather scanty evidence relating to the 
locomotion of fossil primates and the 
special skeletal adaptations for bipedalism 
shown by man. 

Insect Flight (45 pence) by Professor 
J. W. S. Pringle deals with many aspects 
of a complex ‘subject in a remarkably 


that they have such limited coverage $ clear and concise way.: He discusses the 
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different mechanisms found in insgcts, the 
aerodynamics of flight, the physiology of 
insect flight museles and the control and 
coordination of flying This Reader, 
which is illustrated by exceptionally clear 
diagrams, can only provide a rather 
cursory examination of such topics, but 


“perhaps its principal value is that it 


encourages the reader to pursue the 
subject further. z 

The Echinoderms are a group of 
animals that differ fromeother Phyla in so 
many ways @hat there is a tendency to 
regard them as somehow being off the 
main stream of evolution Professor D. 
Nichols, tn The Uniqueness of Echino- 
derms (45 pence) sets out to convince the 
reader not only that they have a fascina- 
tion in their own right but that (because 
of their abundance in the marine environ- 
ment and the fact that, through the 
echinoderm larva, they may be the 
ancestors of the chordates) they are 
entitled to more attention from zoologists. 
His enthusiasm for these animals is 
evident in this lively and interesting little 
book. 

In Evolution Studied by Observation 
ance Experiment (45 pence), Professor E. B. 
Ford discusses the contribution to our 
understanding of evolution made by the 
study of ecological genetics, a- field in 
which he has been a major influence. 
He shows how the study of various 
characters under natural conditions has 
revealed that selection pressures favouring 
advantageous characters are much more 
powerful than Darwin and other early 
evolutionary theorists had believed was 
possible and that natural selection can 
bring about adaptive changes very much 
more quickly than was previously sup- 
posed ‘His evidence is drawn from studies 
by himself and ofhers, including those on 
colour patterns in butterflies, shell coloura- 
tion in snails and the human blood 
groups , 

During the development of the science 
of animal behaviour certain theoretical 
concepts have been developed and have 
subsequently been the focus of con- 
siderable debate and disagreement. 
Robert and Joan Hinde discuss two such 
concepts in Jdastinct and Intelligence 
(45 pence) Using a wealth of examples 
they show how instinct has become a 
somewhat disreputable concept, whereas 
intelligence now has a precise scientific 
meaning, more restricted than its every- 
day usage. They argue strongly against 
using either concept as an explanation for 
behavioural phenomena and suggest that 
they are important as ideas that point to 
problems and to areas of investigation, 
which should ultimately make them 
redundant 

The story of the evolution of the birds 
from the reptiles through the fossil 
Archeopigryx, has been told many times. 
In The Evglution of Flying and Flightless 
Birds (45° pence), Sir Gavin de Beer 
provides a concise and well-illustrated 
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discusgion of this topic, together with the 
evolution of the ratites, a group which, 
because of their flightessness and geo- 
graphical distribution, have exercised the 
minds of evolutronary theorists for many 
years. Since de Beer’s death in 1972 there 
have been some interesting developments 
in this field, notably Ostrom’s ‘re-analysis 
of- Archeopteryx’s wing and Cracraft’s 
thedry that the ratites are descended from 
a single flightless ancestor -which was 
dispersed by continental drift. ~- 

All these ‘Readers cah be highly 
recommended. They provide, in a concise 
and clear way, an invaluable source of 
information which can provide a sound 
basis for further study: © «> 

- The philosophy behind” Arnold’s 
Studies in Biology series. (London) is an 
esséntially sound one. The series provides 
a medium by which biologists can be kept 
up ‘to date with developments in'specific 
areas of biology. They are reasonably 
‘priced and are an ideal ‘way ‘by which 
individuals, schools, colleges’ and uni- 
versities can supplement their libraries i in 
particular fields. aa 

- Small rodents and ease ETN have 
provided much of the data that forme the 
basis of population and community 
ecology... In' The: ‘Ecology of Small 
Mammals (£1.90; 95 pence) Dr M. S. 
Delany strikes a`nice balance between 
discussing them as animals of interest in 
ther own right because of their abun- 
dance,. economic importance ‘and role tin 
the terrestrial ecosystem, ‘and showing 
how they have contributed to general 
ecological theory. He covers a great deal 
of maternal, deliberately widening his 
subject matter to include species from as 
far afield as East Africa, America and the 
Far East. He does not attempt a compre- 
hensive review of this material but arms 
to highlight the areas in which new 
developments are taking place.’ . 

The book’ begins with a discussion of 
some of the basic methods of trapping 
small mammals and of estimating their 
ages,. home ranges and’ population 
densities. ‘It then considers the life 
‘histories and demographic patterns found 
among these animals in different habitat 
types around the world. This is followed 
by.a chapter. on populations and the way 
they are affected by: seasonal changes, 
food supply and ‘predation. ‘The final 
chapter deals with relationships between 
small mammal species’ and the way 
communities ‘of species' are related to 
different habitats.. ` ‘3 

Dr Delany’s book’ jis clearly and 
concisely- written, well Hustrated: and 
fully :referenced Perhaps its ‘greatest 
virtue is that it leaves the reader with the 
motivation . to - read UEG: „on the 
subject. © ° 0 os. 

The student of godoy is „generally 
‘brought up with the notion tha animals 
are anatomically symmetrical, and great 
-stress is laid on such characters as radial 
and bilateral symmetry as fundamental 
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features of .dıerent -animal types. In 
Animal Asymmetry (£2.60, £1.30) Dr A. C. 
Neville points out that asymmetrical 
organisation ‚ıs commonly found righf 
across the Animal Kingdom. For each 
example .he. shows how asymmetry. Is 


‘adaptive in the'life of the animal. Some 


insects, have left anti right wings of 
slightly different shapes so that they can 
be. folded one over the other. Owls have 
differently shaped left.and right ear 
apertures» that . enable them: to locate 
sounds with great accuracy. Such asym- 
metries rarse, interesting questions in 
developmental. biology and Dr, Neville 
discusses briefly „how they may | arise 
‘during embryonic’ development in mol- 
luscs, insects and other animals. He also 
points out that asymmetry is a property 
of organic molecules and of the carbon 
atom itself. | 

Dr R. F. ‘Chapman’ $ book, A Biology 
of. Locusts (£2.80; £1 .40), should prove 
invaluable to any school or university 
laborafory that keeps a colony of locusts. 
It deals with the basic biology of these 
insects, their hife ‘history, ' feeding 
beh&viour, fighit-and migration. The book, 
also discusses the ecology of locusts in the 
wild, particularly’ from the point of view 
of their impact as , Serious agricultural 
pests. Finally, he discusses the various 
techniques that have been used to control 
locusts and also those that are now ‘being 
developed. This 1s avery ‘useful book 
because it contains, in a very readable 
‘and clearly’ illustrated form, virtually all 
that one’ coui want to know- about 
animals that are used very widely by 
students at all levels. 


The aim ofthe Series, Topics in Biological j 


Sciencês, ` published’ ‘by < Hutchinson 
(London), is'to emphasise the social and 
economic importance of a number of 
biological topics. The Biology of Insects 
(£4.95; *£2.95), by C P. Friedlander, 
begins with an account of the structure, 
physiology and natural] history of insects, 
along’ the lines that one’finds in many 
biological’ textbooks. This is followed by 
a chapter-on their behaviour and ecology 
and, finally, a chapter on the economic 
importance- of’ insects: and ‘the methods 
used ‘to control: them. So wide is the 
scope of this book that its coverage of 
any one- topic :is of necessity rather 
‘superficial, and ‘it is difficult to see that it 
represents an advance ‘on existing ento- 
ology texts. The Biology of Locusts, 
however, in the: Studies in Biology series, 
which considers only one species of 
insect, brings out much more successfully 
the way that an understanding of an 
insect pest’s biology.can contripuie to its 
effective control . +. = 

"Also in this series, Eredvi. Biology 
(£4.95: £2.95),. by L. .G.. Willoughby, 
similarly attempts to cover.a very wide 
field. It deals successively, as most books 
on freshwater biology do, with the 
physical and chemical properties of . 
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algae, and, with a number of aquatic 
‘invertebrates and fishes. There is a brief 


- chapter on features peculiar to running 


water habitats, and a. longer one on 
decomposition cycles and nutrient re- 
circulation. The chapters, on social. and 
economic aspects, such as water, supplies, 
sewage treatmefit and pollution are very 
brief and serve; only to outline these 
important topics. This book suffers, like 
fts- companion volume, from trying to 
cover too much, material in. too small a 
book. The attempt to combine basic 
biology with social aspects is not very 
successful; -the latter seem to haye been 
added almost as an afterthought. These 
books are not cheap and certainly not as 
good value for, money as the Studies in 
Biology series. 

These three series provide an interesting 
contrast, The authors of the Oxford 
Biology Readers, are for the most part 
senior, distinguished biologists, and they 
have, written .with the authority one 
would expect on what are generally 
traditional biological topics. The Studies 
in Biology series are mostly ‘written by a 
younger generation of authors, and their 
titles and style reflect a rather more 
progressive approach to biology. Both 
series can be highly recommended; they 


are , cheap, well illustrated and @well* ° 


written. There 1s perhaps a risk that the 
Oxford Biology Re&Sders will be used 
merely as ‘essay cribs’ by students; the 
Studies are more likely to stimulate an 
enquiring approach in their readers. The 
Hutchinson series has not been nearly as 
successful as the other two. Although 
well illustrated, they attempt to cover too 
wide a field mm, each volume, and their 
price brings them into competition with 
more thorough and complete textbooks, 
with which ‘they , do not compare very 
well. T. R. Halliday 


T. R. Halliday is Lectuier in Zoology at the 
Unive: sity of Oxford, UK. 





THE emergence of membranes as-a 
major growth arga in biological science 
has naturally provoked a proliferation 
of student texts,in this area. These 
supplement the accounts to be found 
in general textbooks of biochemistry 
and cell biology and would therefore 
be expected to provide the integration 
and advanced infotmation that these 
texts omit, , but without too much 
repetition of readily available founda- 
tionematerial. 

An attractive book, appropriate for 
students, is Weissman -and Claiborne’s 
Cell Membranes:, Biochemistry, Cell 
Biology and Pathology CHP Publishing: 
New York, 1975, £12.00), but the 
price. means that students are likely to 
read it only in a library It is. well 
written by eminent authors, but the 
multiquthor format sometimes leads to 
repetition (for example, Rasmussen 


water, with freshwater plants including ° ane: Goldberg, Pappas and _ Loewen- 


® 
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stein) and to an imbalance between 
the relative OROTAN E ‘of a topic and 
the space allowed to it. 

A student wanting hisi own membrane 
text then has a choiee. Either he can 
get one of several small books that aim 
at a complete basic coverage of mem- 
branes, such as: Sater and Stiles, Harri- 
son and Lunt or a: competitor (Quinn, 
Molecular Biology of Cell Membranes, 
Macmillan, 1976, £8.45; £3 85; Finean 
et al., Membranes and their Cellular 
Functions, Blackwell, 1974, £2.80; 
Parsons (ed), Biological Membranes, 
Oxford Unjversity, 1975, £5.00) or he 
¢an select: his information piecemeal 
from series publications such as Oxford 
University Press’ Biglogy Readers 
(London) or Chapman and Hall’s Out- 
line Studies in Biology (London) 

OF the single texts, M. H. Saier and 
C. O. Stiles’ Molecular Dynamics in 
Biological Membranes ın the Heidel- 


‘bere Science ktbrary (Springer Berlin 


and New York, DM 13.80; $5.70) is 
most biologically oriented (despite its 
misleading title). The authors have a 
firm, maybe correct, unitary belief that 
merfibranes are all similar and that 
function invariably depends on struc- 
tural fluidity; this sometimes leads to 
unsifpported statements such as “‘(Inter- 
cellular) junctions formation -is® un- 
doubtedly’ dependent on membrane 
fluidity”. Sometimes, they lose sight, 
however, of their unitary philosophy, 
as when sensory chemoreception (for 
example, taste) and hormonal ehemo- 
reception (for example, insulin re- 
ceptor) appear in different chapters. 
These problems, and ‘the limited and 
personal choice of topics “discussed, 
makes the book unsatisfactory as a 
central student text. It does, however, 
include useful accounts of a number 
of membrane-mediated processes not 
normally treated in small texts (for 
example, bacteria] chemotaxis, mem- 
brane fusion, and so on), provided the 
reader does not expgct attempts .at 
molecular ‘explanations. i 

By contrast, R. Harrison and G. G. 
Lunt, in Biological Membranes Their 
Structure and Function in the Tertiary 
Level Biology series (Blackie Glasgow 
and London, £7:80 hardback; £390 
paperback), have aimed at a systematic 
and balanced text with membrane 
chemistry as its dominant theme The 
result is good but patchy They ase at 
their best when discussing “Membrane 
carbohydrate and cell surface specifi- 
city” and in a valuable and concise 
section on physical methods used in 
membrane studies More than half of 
the remaining space 1s allotted to 
membrane, morphology, composition, 
isolation and structure, with a lot of 
space occupied by* electron micro- 
graphs of doubtful educational ‘value 
and by basic lipid chemistry (including 


*to membrane 
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‘three illustrations of the same glycero- 


phospholipid structures) THis over- 
indulgence restricts the space available 
functions (transport, 
secretion, turnover, enzymes, receptors, 


and so on) even though they’ have 
equal billing in -the title. i 


Membranes feature in -the Outline 
Studies ın Biology series (£1.30 each) 
in the recent books by A. M: -Malkin- 
son and by M, 'F. Greaves, in M 
Davies’ Functions of Biological Mem- 
branes (better titled Membrane Trans- 
port) and in à promised Membrane 
Assembly. Malkinson’s Hormone 
Action presents twin discussions. on 
hormone’ actions médiated through cell 
surface receptors and through’ intra- 
cellular .receptors. This contrast is 
useful, and the material presented is 
up-to-date Only about one third of 
the whole, however, relates to mem- 
branes Greave’s Cellular Recognition 
is an excellent text that draws together 
diverse phenomena (hormones, neuro- 
transmitters, the’ immune system, 
tissue differentiation, sex in yeasts, eand 
*so on) and discusses them in terms of 
the reception and interpretation of 
environmental information at ‘the cell 
surface. It is logical and well organised, 
with substantial ‘sections on membrane 
structure, receptors, and mechanisms of 
stimulus—response coupling.’ A mayor 
virtue of series’ publications is that ıt 
can allow an articulate speciAlist ‘to 
pass on his fascination with, such a 
problem. But the series format . also 
has drawbacks: the, high, cost of 
*-collecting the books needed to achieve 
a final patchy coverage, duplicagion of 
fundamental information on membrane 
stricture, and sometimes poor editing 
and presentation.  , 

Two Oxford Biology Readers fall 
into the membrane category, and are 
Straightforward biochemical introduc- 
tions to their topics. J A. Lucy in The 
Plasma Membrane (45. pence), has 
packed a lot of basic information on 
membrane structure, turnover, fusion 


and: transport (illustrated diagram- 
matically as. an unlikely rotating 
macromolecule)’ into his 16 pages. 


Hormones are left to P. J. Randle and 
R. M Denton’s Hormones and. Cell 
Metabolism (45 pence), a balanced and 
appropriate short account of meta- 
bolic control. This, however, has little 
on membranes other than control of 
adenylate cyclase,, and is marred by 
inconsistency -of units (insulin) and 
nomenclature : (phosphorylase), repeti- 
tion of diagrams and some.almost illeg- 
ible- yellow-on-white printing. Other 
useful membrane-related titles ın this 
series are Lysosomes (A. C. Allison). 
The Golgi: Apparatus (G. M. W. Cook), 
Mitochondria (J. B Chappell and 
S. C Rees) and Differentiation in 


* Higher Plants (D. H. Northcote). 
i + 
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. If I could selectonly. one item from 
this collection it would undoubtedly be 
Greave’s Cellular Recognition: it wins 
both on scientific quality and value for 
‘money, even though’it explores ‘only 
one area of membrane function. - 
' Bob Michell 


Bob Michell ıs Lecturer in Biochemistry 
at the University of Birmingham, UK: 


“Or making many. books there is no 
end. . . Gear. God, for this is the 
whole duty of man” Statements like 
this frequently .explode from scientists 
drowned in a suffocating morass of 
reading—even though their theological 
intent may, -be different to the 
original Old Testament context. Never- 
theless ıt could -be an apposite comment 


_abdut the eight books under review: all 


come from long and continuing series, 
four from Chapman and Hall’s Outline 
Studies:in Biology which includes 22 
titles published since 1973 (London, 
‘distributed in OSA. by Halsted/Wiley : 
three from Arnold’s 
Studies in. Biology—71! published since 
.1966 (London); and No. 72 in Oxford 
University -Press’. Biology Readers 
series, which .began publication in 
in 1971 (London)). All the series state 
that they are trying to fill gaps left by 
standard textbooks, either at the inter- 
face between traditional disciplines or 
an rapidly developing topics where text- 
-books' are quickly- out-of-date p 

The Oxford séries is the slightest.in 
format, designed so that each one “will 
fit convenrently in a file among the 
Students own notes” The series is 
specifically. aimed at ‘%sixth-formers 
(school children at advanced level), 
students in Colleges of Education and 
Polytechnics, and first-year under- 
graduates, Each volume (really pamph- 
let—they „have about 14 pages) covers 
a specific limated Subject in reasonable 
depth and with good iklustrations. J. L. 
Jinks’s Cytoplasmic Inheritance -(45 
pence) is only one of. 19 in the series 
‘devoted to genetics and evolution; Hke 
yts companion volumes it has no biblo- 
‘graphy but a ‘list of “further reading”, 
which ancludes five books and ‘five 
reviews or key. papers. 

. ‘The other two series are directed at 
oe second--to third-year university 
‘level, although -they are in general 
free from jargon and-thus potentially 
valuable to sixth-formers and their ilk. 
Chapman and HaUl’s Outline Studies 


“(paperback edstrons only) cover sub- 


jects which may be expected to form a 
normal university. course of 5-10 lec- 
tures -Arnold’s Studies (hardback and 
paperback editions), on the Other hand, 
‘tend to deal with topics that do not fall 
neatly ito usual teaching slots, and for 
that reason seem to be more stimulat- 
‘ing. For example, Bernard John’s 
‘Population Cytogenetics (£3; £1.50) is 
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concerhed with both animal and plant 
chromosomes; with population pheno- 
mena as well as straight cell biology, 
and with the quantitative effects of 
chromosome substitution. This enables 
the author to point out that knowledge 
is tacking about population cyto- 
dynamics and the effects of chromo- 
some rearrangements on the genetical 
structure of populations—faly com- 
plicated concepts which emerge natur- 
ally because of the unterdisciplinary 
treatment of the subject. In contrast, 
D M. Moore’s Plant Cytogenetics 
(£1.30) and L M Cook’s Population 
Genetics (£1 30) in the Outline Studies 
series, although both are excellemt in 
their own ways (Cook sin particular 
weaves mathematical formulation with 
natural history in a refreshingly non- 
intimidating manner), are almost pn- 
evitably more pedestrian. They will be 
useful for supplementing courses where 
no teacher és available forthe topics 
considered’ (or alternatively, for provid- 
ing unversed teachers with: prepared 
teaching material). i 

One disadvantage of the lecture- 
course appřoach in a book is that it 
exposes gaps in treatment which: would 
(or should) not appear in a compre- 
hensive ’ textbook and which would 
probably be filled by’ other teaching in 
a complete school or university course. 
For exampk, R A. Woods in Bio- 
chemical , Genetics (Outline Studies, 
£1.30) gives a useful summary of gene 
action and its control in micro- 
organisms, but does’ little more than 
mention higher organisms. He justifies 
this imitation by claiming that ‘‘the 
information they [microorganisms] 
have yielded is ‘cleaner’ and more 
suited to an outline fext’? True, but 
this means that the title of ‘the book is 
misleading. Again in the same series, 
A. McDermott givega full dnftroduction 
to human chromosomes and their varia- 
tion in the Cytogenetics of Man and 
Other Animals (£1:30) (a ‘topic which 
is only touched on in general biology 
or genetics texts), but other animals are 
Gnly referred to m passing, largely in 
relatinn to ‘human studies. 

The Studies in Biology series is spon- 
sored by the Institute of Biology, and 
this academic input may explain their 
imaginative choice of topics. One 
criticism that has been levelled at the 
series in the past is the relative lack of 
references in many of the volumes. In 
fact the three volumes from the series 
under review'seem ‘to contain enough 
key references for practical: purposes. 
The Outline Studies series is variable’ 
two of the present books have fairly 
extensive bibliographies, the other two 
merely a selection of “further reading”. 

Two other recent and relevant titles 
in the Studies in, Biology ‘series are 
Genetics and Adaptation characterised 
by E B; Ford’s usual lucid and idio- 
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syncratic styles and Population Dy- 
namics by M. E. Solomon, a new 
edition of a useful book first published 
in 1969 and now fairly extensive] 
revised 

One great advantage of Hmited topic 
books is that leaders of research an 
particular fields can Write on their own 
topic: four of the eight under review 
are written by authors who have pre- 
viously published substantial works on 
the same Subject (Cook, Ford, Jinks and 
John) The Studies and Outline Studies 


- series both work out at 2 pence per 


page in paperback; this is quite good 
value for money nowadays. It us diffi- 
cult, however, not to hark back to the 
Penguin New: -Biology series which 
lasted from. 1946 to 1960 and filled the 
gaps in textbooks so well at the time. 
But perhaps biology as well as publish- 
ing ha§ changed... ° R. J. Berry 


R. J Berry ıs Professor of Genetics in the 
University of London, UK. 


FEW books pack so many lessons for the 
plant physiological world as the slint 
volume on Translocation in Plants by 
Michael Richardson, No. 10 in Arnold’s 
Studies in Biology series (£1.90; 95 pence). 
The book—now in its second edition and 
proclaimed an Open University Set Book 
—has already served many generatiohs 
since first published in 1968. Why its 
populafity? It takes the form of six 
chapters, With „well defined subsections, 
almost suggesting it began life as a 
revamped set of lecture notes. Perhaps 


this explains its sales success, but also itse 


failings? 

_ Probably the most glaring error is the 
use of a water hammer (pp18-1% to 
measure the cohesive properties of xylem 
sap. Nowadays students see more mass 
spectrometers than Berthelot tubes or 
water hammers, and few would have 
sufficient knowledge to question explan- 
ations given Dixon made the water 
hammer (1914) to illustrate cohesive 
attraction between water and glass in the 
presence of gas near vacuum. The 
experiment determining the limiting co- 
hesive tension of water was carried out 
by Berthelot (1850) in a tube filled 
completely with water: both systems 
were described clearly by Dixon. 

e Phloem research has advanced rapidly 
in the past decade. Broadly the position 
is one in which the model proposed by 
Hartig and expounded more precisely 
by Munch (1930) has become established 
and received widespread acceptance. For 
centuries it was obvious that channels 
for dry matter translocation existed in 
bark ‘of plant ‘stems. After the discovery 
of sieve tubes the main question out- 
standing was’ why phloem sap should not 
flow through these pipe-like cells, carry- 
ing dry matter ın solution to swell storage 
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The main reason sieve tubes might not 
function like pipes, translocating the 
Sugary sap, arose from the fact that at 
frgquent intervals sieve tubes are occluded 
by sieve plates, the holes in which seemed 
to be plugged in both light and electron 
microscope studies. This observation gave 
rise to some alternative hypotheses and 
“the great phloem controversy”. Most 
alternatives are faithfully reproduced 

nd even extended in the new edition of 
the book. Yet considerable strides 
have been made in phloem physiology 
from studies of plants which, on wound- 
ing, exude phloem sap, as might_ be 
expected by Milnch’s hypothesis. Virtu- 
ally none of this work has found its way 
into the new edition. There is some 
justification to withold some of the 
detailed electron microscopy which has 
contributed to the widely held view, that 
sieve plates serve a protective function, 
sealing rapidly when the system is injured. 
But the omission of fhis aspect so 
completely cannot be excused, because 
it is so central to the theme of the book. 
Nor is it legitimate to call aphid stylet sap 
“uncontaminated” (p36) on account of 
saliva injection effects (see, for example, 
Biology of Aphids by A. F. G. Dixon, 
Stites in Biology No. 44; 75 pence). 

Another evp imenta crucis which has? 
contmbuted to .ne phloem controversy 
is the alleged demof stration of bidirect- 
ional transport in phloem. Certainly no 
sieve tube could, if it functioned as a 
pipe, conduct simultaneously in opposite 
directions at rates exceeding those of 
diffusion. But the experiment chosen to 
illustrate this, by Palmquist (1939), is 
dangerously misleading, as is obvious to 
anyone who has carried out even limited 
research on the system. The problem is 
that xylem pipes, containing sap under 
tension, lie in close proximity to the highly 
pressurised sieve tubes being investigated. 
Abraided leaves can rapidly suck solu- 
tions into xylem tubes producing an 
illusion of bidirectional transport. Much 
better reseagch (for example, Turgeon 
and Webb, 1973) would have been 
desirable alternative material. Similarly 
much of the earlier work could have been 
omitted without loss. Sadly the five new 
pages and seven new paragraphs are 
largely (especially with hindsight) 
irrelevant. 

The success of this book is a disturbing 
reflection on both scientific and pub- 
lishing fraternities. If a better alternative 
of @omparable cost existed, I hope 
students would have been guided to 
choose it in preference: such a volume is 
clearly lacking. If errors have escaped 
criticism so long, does this imply the 
capacity to publish extends beyond a 
proper degree of rigorous criticism? It ts 
indeed regrettable that this book mats 
the high standards of the series as a 
wholes s John A. Milburn 


organs, ranging from the humble spud e John A. Milburn is Sento: Lecter in Bojany 


to the massive fruits of palms. 
+ 


+ 
+ 


at the University of Glasgow, UK. * 
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In the past two years, three publishers 
have made atlditions, in the field of 
muscle biology, to their (continuing) 
sertes of books designed.for late schgol 
or undergraduate consumption. Oxford 
University Press (London), in their 
Biology Readers series, have produced 
a 16-page pamphlet entitled The Con- 
fractile Behaviour of Mammalian 
Muscle (30 pence) by A J. Buller, 
Arnold (London) have persuaded D. R. 
Wilkie to write’ a second edition (hard 
and paperback) of his book on Muscle 
(£2.50; £1.25) in them Studies ih 
Biqlogy serjes; and Blackie (Glasgow 
and London) have produced a spe- 
cialised text on Visceral Muscle: Its 
Structure and Function, (£5.10) by H. 
Huddart and S. Hunt. 

Muscles, according to Professor 
Buller and Wilkie and Doctors Huddart 
and Hunt, respectively, are more im- 
portant in getting animals about than 
brains, are the means by which we act 
on our environment and move objects 
as well as ourselves; are a tissue and 
therefore by definition composed of 
cells These paraphrased quotations 
fron? the first Imes of the three books 
are characteristic and erempury their 
approaches. 

Tife books vary enormously in length 
and in their scope,gand coverage. *Pro- 
fessor Buller concludes all the has to 
say in 16 succinct pages, of which 5 
are taken up by illustrations Wilkie 
covers his subject in 67 more sparsely 
illustrated pages, whereas Huddart and 
Hunt pack their comprehensive but 
more specialised subjéct matter into 
165 The shortest work concentrates 
almost exclusively on isometric and iso- 
tonic contractions of fast and slow 
twitch skeletal muscles, having briefly 
introduced the subject by way of the 
ultrastructure and the nervous architec- 
ture of muscle. Professor Wilkie, as be- 
comes a pupil of A V. Hill, does not 
neglect the thermodynamics of muscle 
energetics, but also intrdduces the 
subject by means of the ultrastructure 
and chemical composition of muscles 
In this book, he gives an overview, tak- 
mg his examples from all sorts of 
muscle and from many species He des- 
cribes the common _ experimental 
methods used in examining muscles, 
pointing to their shortcomings. He 
explains the results obtained in terms 
of the known structure. He leads the 
reader rather gently through a clarifica- 
tion of the electrical phenomena in 
quiescent and stimulated muscle and 
tluminates the chemical changes that 
result in contraction Finally, he brings 
us back to everyday experiences by 
describing how muscles maintain tone 
and enable us to take exercise. 

The largest, although e still slim 
volume, has a wider ‘target for 4 nar- 
rower topic. It claims to ‘be of interest 
to students of physiology, medicine, 
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biology and pharmacdlogy and deals 
specifically with Visceral Muscle It is 


,the most conventionally organised of 


the three; once again, the contents run 
from microscopic structure through 
innervation to mechanical activity, but 
conclude with ‘the protein structure and 
the- molecular basis of contraction Al- 
though some of the chapters are of 
course specifically omented to visceral 
muscle, it is surprising how often com- 
parisons are made with experimental 
work in skeletal and cardiac muscle. 
Clearly, here is a triad of books that 
can be used quite differently, yet they 
are linked by a unity, since much of 
the material is common to the three. 
Wilkie’s book stands out above others 
in the way that it simplifies complex 
ideas and yet thas more than enough 
meat for any hungry student. Anyone 
remotely interested in muscle—and 
who afhong biologists 1s not—can—amnd 
one might almost say should—read it. 
The result willbe not only an ancrease 
in knowledge and understanding, but 
an experience of an  outstanging 
example of written communication. In 
addition, the author 1s a realist who 
has the interest of students at heart; he 
does not give the usual unmanageable 
list for further reading, but confines 
himself to a few seminal, works. 
*Buller’s contribution is more a pam- 
phlet than a book; it probably contains 
all that a student need retain abeut the 
fundamentals of muscular contraction 


+ * "s b 
Most immunologists are preoccupied 


with problems pertainmg to mice or 
men but many are now showing an 
increasing interest in the immunolo- 
gical responses of other, species in order 
to discover evolutionary trends in re- 
cognition of foreigness, structure of 
antibody molecules and mechanisms of 
protective immunity. . 
In Comparative Immunobiology 
(£6 60, £3.30), in Blackie’s Tertiary 
Level Biology series, Margaret Man- 
ning and Rodney Turner are the first 
authors to write a textbook of suitable 
size and clarity for students of immu- 
nobiology Indeed, this book can be 
recommended to anyone seeking an 
introduction to comparative immuno- 
logy Other books have been and are 
being written on this subject but great 
credit must go to these authors for 
providing a book which will obviously 
remain a basic textbook on the subject 
for many years to come ; 
Those immunologists already 
volved with the vagaries and complexi- 
tics of immunological responses in 
different species will admire the layout 
of the book. First, there is a 28-page 
introduction on the basic tenets of 


s immunology, largely derived from work 
on mammals and birds. There -follows 
@ A 
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The question arises: is he more I*kely to 
retain nearly all of this or only a 
quarter of the slightly longer text? The 
answer must depend on the assessment 
of the teacher and the character of the 
student. It would be reasonable for any 
biologist or medical student to read a 
mere |} pages, but how many have the 
time or the inchnation to read ten 
times that many.on a single subject? 

The beauty of this pamphlet is that it 
is short, lucid and expert, yet ıt does 
not have unrealistic expectations of 
the reader. 

What then of the last book? It is not 
for every student; its primary use might 
be for reference, for each chapter is 
almost complete in itself, containing at 
least two key references. In addition, 
there are some 150 further references, 
and above all it is the only one of the 
three with an index. 

‘It seems that these three, comple- 
mentary works offer three solutions to 
the problem of the modern | science 
student—an .elegantly produced even- 
ing’s reading for tomorrow’s seminar, 
a readable -text from which something 
wilf be remembered, or the small re- 
ference for a. narrow subject to be 
dipped into as required. You pays your 
money (030; £1.25 or £5.10) and you 
takes your choice. ; 
Rainer Goldsmith 


Rainer Goldsmith is Professor of Physio- 


logy at Chelsea College,. University of 


London, UK. 


an ambitious description of immtuno- 
logical responses as we climb the 
‘evolutionary tree? from sponges to 
fishes and terrestial animals Each chap- 
ter 1s introduced by an accurate phylo- 
genetic tree Phyla which have been 
sufficiently studied by immunologists 
are lucidly describtd | in clearly defined 
sections headed ‘phagocytosis’, ‘trans- 
plantation reactions’, ‘humoral reac- 
tion and factors’ and ‘lymphoid tissues’ 

One of the most intriguing aspects 
of invertebrate immunology is how 
animals with no lymphocytes can re- 
cognise foreign species. This 1s treated 
adequately here, but new theories on 
recognition now appear monthly 

The bursa of Fabricius is wisely des- 
cribed as being unique to birds (p149), 
and this should be a warning to those 
immunologists still hunting for a ‘bur- 
sal equivalent’ in mammals 

This is a concise -book, small in 
appearance but large.in its breadth of 
treatment and factual content. Ali 
immunologists should find time to read 
it l J. B. Solomon 


& 
J B. Solomon is Senior Lecturer in the 


lammunology Unit of the Department of 
Bacteriology, University of Aberdeen, UK. 
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Oxford Books for Students l 


New and forthcoming 
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Foundations of | 
Mathematics = 


lan Stewart and David Tall 


This is a book for reader$ in transition from “school 
mathematics’ to the fully tledged type of thinking used 
by professional mathematicians. It should prove 


useful to first-year students ın universities, polytechnics, 


and colleges, and to sixth-formers contemplating 
further study £6 papet covers £2.95 


Nonlinear Ordinary 


Differential Equations 


D. W. Jordan and Peter Smith 


This textbook in the qualitative theory of nonlinear 


differential equations 1s for students in mathematics or 
in mathematics-orientated combipations and is 
directed towards practical applications. It treats 
recent developments and subjects such as singular 
perturbations and the phenomena associated with 
forced nonlinear equations that have not been readily 
accessible before at this level. £11 paper covers £5 50 
Oxford Applied Mathematics and Computing 


Science Series . 
Mathematical o 
Cosmology 

An Introduction Í 


Peter T. Landsberg 
and David A. Evans 


Cosmology ıs a subject of much scientific and 
philosophical interest. but accounts are usually either 
non-mathematical or fully relativistic. This book gives 
readers a quantitative understanding of some 
important aspects of general relativistic cosmology. 
starting only with school mathematics and Newtonian 
ideas in physics £8.50 


Elementary 
Thermodynamics. 
for Geologists 





B. J. Wood and D. G. Fraser 


This introduction to chemical thermodynamics. 
intended for geology students with little previous 
knowledge of physical chemistry. illustrates the use 
and usefulness of the thermodynamic approach to 
petrology It avoids an abstract development of the 
subject and, though rigorous sassumes only a limited 
background of mathematics, including elementary 
calculus. £6 paper covers £2.95 





Human Biology. 


An Introduction to Human Evolution, 
Variation, Growth and Ecology 


G. A. Harrison, J. S. Weiner 
J. M. Tanner and N. A. Barnicot 


This textbook has now been revised to includethe * ° 
many recent advances in the fields it covers, especially 
those in our knowledge of primate and human 
evolution, genetic variation at the molecular level, and 
the nature of growth and adaptation processes. There 


1S glso a completely new chapter on primate behaviour 


and the origins of human society. Second edition 
illustrated £10 paper covers £5.50 


Oceanography 


Contemporgry Readings 
in Ocean Sciences ° 


Edited by R. Gordon Pirie 


First published in 1973, this collection is intended as 

a supplementary, reader for first- and seeond-year 
undergraduates in ocean sciences In this second 
edition the articles are generally briefer, more 
elementary, and more popular; thirty-one of the 
forty-six selections are new. Second edition 
paper covers £6.75 


Kinetics of Chemical 
and Enzyme 
Catalyzed Reactions 


Dennis Piszkiewicz 


This volume is intended to serve several functions. It is 
meant as a means of teaching kinetics to advanced 
undergraduate and graduate students. It presupposes 
a background in organic chemistry and some 
knowledge of calculus, while a familiarity with 
biochemistry and chemistry would be useful, though 
not essential. It ts also intended as a primer for reading 
papers in the literature dealing with kinetics. Paper 
covers £4.75 


Industrial Geology 
Edited by J. L. Knill 


This series of essays provides an introductory survey 
of applied geology for the more advanced 
undergraduate or the postgraduate student, those who 
are teaching geology, and planners concerned with ° 
geological resources. The contributors, writing from 
extensive experience, have provided examples of the 
application of geology in practice andthe roles played 
by geologists in indgistry. £10 


e Circle No. 10 on Reader Enquiry Form. 


Circle No. 11 on Reader Enquiry Form. * 
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INTERSCIENCE 


ABNORMAL AGEING: The Psychology 


of Senile and Presenile Dementia 
by E. Miller, University of Southampton. 


e Ageing,|s rightly a topic of increasing concern and research 
interest. The growing proportion of the elderly in the population 
raises many important issues for society, and presents some 
problems. Dementia is one of the commonest and yet most difflcutt 
disorders found in older people, and the basic alm of this book is to 
pea esent the psychological aspects of dementia. 

e author reviews what is known about the psychological 
¿Changes produced by dementia and discusses the practical 
*contnbutions that psychology can make in peeing with the 
demented individual. 

0471 99439 1 176 pages 


February 1977 ” £5.75/$11.00 


‚PHARMACOLOGY: Drugs “Affecting 


Behavior 
by C. Kornetsky, Boston University School of Medicine. 


¿Describes the physiological and psychological effects of drugs 
“used In treating the mentally Ill, the epileptic, and the hyperkinetic 
chika, and presests various theorl8s concerning the mechanisms 
involved In the therapeutic actlon of drugs and the pharmacology 
of abused drugs. 


0471504106 288pages September 1976 £14 00/$24.50 


IMMUNOCHEMISTRY OF ENZYMES 


AND THEIR ANTIBODIES 
edited by M. R. J. Salton, New York University Medical Center. 


Leading medical scientists pool their collective expenence to 
formulate basic principles for the interaction of enzymes and 
antibodies and explain how these Interactions can be used to solve 
complex molecular and biological problems Features selected 
model systems illustrating the use of enzyme/antbody 
interactions to establish molecular structure and architecture of 
enzymes (Developments | in Medical Microbiology and Infectious 
Diseases) 


0471 74995 8 240 pages February 1977 £14.25/$24 15 


IMMUNOBIOLOGY FOR THE CLINICIAN 
by H. R. K. Barber. 


A concise, overall view of the basic concepts and recent 
developments in immunology. Topics include: Structure of a 
Normal Cell and Cancer Cell Kinetics, immunity, Antigens, and 
Viruses In Reaton to Cancer; Immunodeficiency Diseases, 
immunohaematoiogy; Immunosuppression, Immunology of 
Cancer; Immunotherapy and Immunopotentiation. 


04710 4785 6 320 pages February 1977 £14.65/$24.75 





TROPICAL CLIMATOLOGY: > 
An Introduction to the’ Climates 


of the Low Latitudes 

by S. Nleuwolt, Departrnent of Geography, Kenyatta University 
College, Nairobi. 

This textbook ıs intended for students of geography, biology and 
agriculture whose studies include a course on the climate of 
tropical regions and the effects of the weather upon man’s 
activities in these regions. 

The book explains the origin of the tropical climates In a 
nor+mathamatical way and ali quantitative data are illustrated by 
maps and diagrams 

0471 99406 5 218 pages 


February 1977 £6.95/$15 00 


GEOLOGY OF CALIFORNIA 
by R. M. Norris and R. W. Webb, both of University of California, 
Santa Barbara 


The first systematic, comprehensive text covering major 
fundamental elements of the geology of Califorma The book 
incorporates the most recent research on the basic geology of the 
earth's crust as refiected in the visible geology of the provinces of 
the state of California 


0471 61566 8 392 pages 


* e 


February 1977 £9 35/$16.00 


CELLULOSE AS A CHEMICAL AND 


ENERGY RESOURCE - 

edited by C. R. Wilke, University of Califoma 

This contains papers by scientists and engineers actively involved 
in research related to cellulose The papers were presented atthe 
Cellulose Conference Proceedings, held unger the auspices of the 
National Science Foundation, at the University of Califomia, 
Berkeley, June 1974 


0471015490  370pages March 1976 £14 50/525 20 


MICROPROCESSORS AND 
MICROCOMPUTERS 


by B. Soucek, State University of New York, Stony Brook and 
Insttute Ruder Boskovic, Zagreb 


Descnbes the general programming and interfacing techniques 
common to all microprocessors, concentrating on detailed 
description of representative microprocessor famites Numerous 
illustrahons, exampies and a bibliography are provided along with 
exercise problems 


0471 81391 5 Apni 1976 £17 00/$29 75 


624 pages 


JOHN WILEY & SONS 


o. ° . NEWYORK - CHICHESTER - SYDNEY : TORONTO 
John Wiley & Sons Ltd - Baffins Lane - Chichester. - Sussex - PO19 1UD - England 
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Embarking on 
biochemistry .. 


WHEN, until recently, I léctured to large 
groups of’ science or medical students 
embarking on a course of biochemistry, 
1 took along to the first lecture about 
15 different texts.el tried to explain the 
merits of the various books'1n terms of 
the widely varying attitudes of* the 
students After the leeture many 
students would stand perplexed and 
some would even express their feelings 
to plead that they be told what to buy 
l understood their viewpoint but I 
think, as teachers, we must resist the 
students’ plea The truth ‘is, of course, 
that biochemistry ıs blessed with a 
wealth of excellent texts and the best- 
buy for any particular student 1s seldom 
an easy decision The problem is made 
more difficult in the knowledge that 
unless a student buys a textbook by 
half-way through the first term he ‘s 
unlikely to do so at all. In other words 
he has often to make his choice before 
he has much idea as to his interes in 
the subject. 

The two texts under review are both 
excellent in therr way. A L Lehninger’s 
Biochemistry The Moalectlar Basis of 
Cell Structure and Function (Worth. 
New York. second edition, $17.50) is 
now clearly a classic and 1s extremely 
popular with students both of science 
and medicine. It 1s also comparatively 
cheap in terms .of length and the ex- 
cellence of the printing The Bio- 
chemistry of the Tissues (Wiley 
London and New York, second edition. 
hardback £14 50. $30, paperback £6 25, 
$13.50) by P Banks, eW. Bartley and 
L M. Birt ts a more modest effort, 
based on their lectures to medical 
students at Sheffield University 

A continual problém in the teaching 
of biochemistry ıs to keep the prctyre 
of the subject as a whole before the 
student Too often the older courses 
appeared fragmentary and the student 
‘lost the unity of the subject while they 
delved into the minutae of the vartous 
aspects Lehninger keeps the story 





going by starting with a set of organis- 


ing principles and continually referring 
back -to them as he deals with various 
subjects The story holds together very 
well and this ts undoubtedly a main 
attraction for the students The Shef- 
field authors had a particular group ot 
students in mind and have tred to hold 
attention through a consideration of 
the biochemistry of the, various tissues 
The student has to be prepared for this 
approach, however, so that the earlier 
chapters are a somewhat skimped 
traditional text 2 

In some ways Biochemistry by L 
Stryer (Freeman San Francisco). has 
much to ofter medical students In this 


physicochemical 
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beautifully produced book reference 1s 
continually made'to the relevance of 
biochemistry to medicine and physi- 
ology Thus there ts an excellent chaps 
ter on sickle-cell anaemia Indeed-there 
have been attempts to organise a course 
of biochemistry on a selection of such 
diseases One thinks of Brochemistry: 
A Case-Oriented Approach (Mosby 
Missouri) by Montgomery er al, but 
again there are snags, for the student 
must have a proper groundwork before 
he is ready for this kind of treatment 
Another unifying approach that 3s 
now often used’ in first year courses is 


Biochemical 
tools ; ; 
Physical Biochemistry 
Biochemistry and‘ Molecular Biology. 
By D Freifelder Pp. x+570 (Free- 


man San Francisco, 16 ) Hardcover 
£12.40: softcover £8 00 
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A pplications to 


A THOROUGH 
tools used by the 
modern biochemist 1s essential] to their 
intelligent use It is unfortunately a 
common experience of many, if not all, 
teachers of physical biochemistry, 
however, that one of the major ob- 
stacles,in the path of a diligent student 
is the labeur necessary to wade, through 
the often confplex and seemingly end- 
less theoretical and mathematical- deri- 


‘e 
understanding of the 


vations which represent the standard, 


approach to the subject One solution 
to thr? dilemma 1s to choose a limited 
number of techniques and to devglop 
fundamental equations clearly from 
first principles with appropriate simpli- 
fications Such an approach 1s justified 
by the quantitative nature of many 
of the techniques and has been used 
successfully by K E Van Holde 
(also entitled Physical Biochemistry, 
Prentice-Hall) - 

An alternative and in some respects 
radical solution is to adopt an almost 
completely non-mathematical approach 
Professor Freifelder has done just this 
with the single aim of enabling “the 
student to understand and read the 
current literature” Equations cannot 
be avoided, of course, but although 
their derivations are, the physical prin- 
ciples. the assumptions: behind the deri- 
vations and’ the conditions which must 
be satisfied for the’ equations to hold 
are clearly defined.’ Physical Biochem- 
ist}v ‘is therefore an exceptional hook 
in’ that it neither’ requires nor con- 
tains a knowledge of basic thermo- 
dynamics which inevitably characterises 
other comparable texts, For this alone 
many students’ will be thankful 

Throughout the book, 
Freifelder’s overriding concern 1s to 


5 
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to develops the biochemistry from an 
elementary study of celf biology. This 
is probably better than concentrating 
on, the tissues So far, however, I have 
not seen a textbook based on this kind 
of course. hoo 

In summary,’ both books reviewed 
have their strong points and certainly 
the latter part of the Sheffield book 
would prove a useful adjunct to the 
cheaper and much more comprehensive 
Lehninger text P. N. Campbell 


R N Campbell ts Director of the Cour- 


tauld Institute, Middlesex Hospital Medical 
School, London, Ean 2 ¢ 8 


stimulate the Students’ interest in the 
‘techniques of physical biochemistry, 
and if the avoidance of mathematical 
treatments 1s one cornerstone of his 
Strategy, then the demonstration of the 
usefulness of the technigues in solving 
biological problems is the other 
Indeed, the outstanding feature of his 
book ıs the wealth of biological 
examples illustrated. The majority of 
these are drawn from the moleeular 
biology of bactemophages and the 
physical biochemistry of DNA .and 
viruses, reflecting Professor Freifeider’s® 
research, interests and making a wel- 
come change from the more conven- 
tional protein examples 

The ‘subject matter 1s generally com- 
prehensive, comprising an extensive 
section on direct. observations by. light 
and electron microscopy, general lab- 
oratory methods, separation and identi- 
fication of materials, hydrodynamic 
methods including an especially well- 
written chapter on sedimentation, and 
spectroscopic methods including a use- 
ful introduction to nuclear magnetic 
resonance. The qualitative approach 
seems nevertheless to have led to some 
curious omussions for a text on physical 
biochemistry Thus all scattering tech- 
niques are Absent’ In addition there 1s 
no treatment of multiple, small mole- 
cule binding Surprisingly, a section on 
immunological methods 1s included 

This book is properly written for 
final-year undergraduate and first-year 
graduate students Many of them will 
appreciate ts non-mathematical 
approach from which there are un- 


‘doubtedly great advantages of motiva- 


tion, to be gained. Ultimately, how- 
‘ever. the student who finally arrives at 
‘the practical application of a techni- 
que for his own research purpose can 
only benefit from a thorcugh acquain- 
tance with the underlying theoretical 
and mathematical analysis This book 
will surely engender in the student 
enthusiasm to make _ the 
necessary effort G. L. Kellett 


e 
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G L Kellett ıs Lecturer in Biochemèstry 
at the Umversity of York UK 
. 
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Endocrinology of | — 
steroid hormones : 


5 
Molecular. Endocrnelok: of the Steroid 
Hormones By D. Schulster, S. Burstesn 
and B. A Cooke. Pp.xv+ 321. (Waley. 
London and New-York; 1976) Cloth 
£9.75, $20, paper £4.75, $10. 





Tats textbook on ‘molecular ' endo- 
‘crinalogy of the .sterord hormones is 
an attempt to focus-attention on the 
mechanism of action’ of ‘steroid hor- 
mones Tts am is to provide broad 
coverage with the mmimum of fine 
detail in four mæn sections—methods, 
the endocrine glands, regulation of 
biosynthesis, and mode of action of 
steroid hormones. ' 

“The book is not intended to be'a 
reference text for mesearch “workers, 
but is an account of steroid hormone 
biosynthesis and' mode’ of action aimed 
at science students perhaps majoring m 
biochemistry, or at medical students 
There’ is no doubt that a` science 
Student wath a reasonable background 
an themistry amd biochemistry could 
read this text ‘with ‘ease 

The methodology of steroid’ 1s 
* briefly reviewed with’ a fairly cursory 
treatment of ragtommmunoassays.’ It 
might have been appropriate to have 
given this aspect of methodology a 
more extensive treatment. If the text 


is to be used: by’ ‘preclinical medical . 


students then at’ is likely that post of 
the steroid hormone assays which they 
-will request as ‘practising’-doctors will 
be cammed out using this method A 
detailed account. of. the technique in- 
cluding its ‘shortcomings , might .have 
been to the reader’s, advantage 

Biosynthesis..of steroid hormones is 
presented m a fashton which will be 
acceptable to undergraduate science or 
medical students. Short chapters deal 
with the structure and function of 
the pituitary, hypothalamus, adrenal 
cortex, ,ovary, teste§ and the feto- 
placental unit. These chapters each 
contain a brief account of the structure 
and ultrastructure -of the endocrine 
organ, its, blood supply and its relation- 
ship to other tissues m. the body. This 
section will be extremely useful to 
students from the physical scuences who 
wish to grapple with the concepts of 
endoonmnology. i 

The third section of the book, Which 
4s concerned with the regulation of 
‘steroid hormone biosynthesis, contains 
three chapters, the largest being. the 
control of corticoid synthesis by 
ACTH Problems, associated with the 
acceptance of the ustal dogma on the 
mode of action of ACTH are. critically 
reviewed in this chapter eThis is fol- 
lowed by a brief treatment of aldo- 


sterone synthesis and a short chapter e, 


on” thee control. of androgen | and 


-mode of action of oestrogens, 


‘although 


e 
e Stugent books supplement 


oestrogen secretion. by" FSH ‘and LH. 
In view of the constderable mnterest at 


athe ‘present time on the control of, FSH 


wind LH secretion, I would have :pre- 
ferred to have seen a more- extensive 
treatment-of the subject: For. example, 
organic © chemists and , other | non- 
brological . scientists, m, he pharma- 
ceutical industry .mvolved in - work 
associated with-contraceptive prepara- 
tons could profitably read all: of , this 
book, but thas section, whic? would be 
of great anterest,to them, «is barely 
seven pages m dength. . , 

The production of. even a sion text- 
book involves a considerable gestation 


period The last seotron-deakng with -the _ 


pro- 
gestins and amdragens coyers. topics 
which are currently ünder active m- 
vestigation Most of the references ‘con- 
tamed m this section are to” papers 
published pre-1975;, ‘because much 
work: ‘has -emerged in 1975 amd, 1976, 
the medical of science students readmg 
these chapters wall be obliged, to, update 
the information. The basic concep{s of 


ethe mode of’ action of steroid hor- 


mones; the locahisation of the receptors 
and the posstble’ nuclear’ events are 
constantly ‘undergomig refinement and 


‘revision These'chapters ‘are supefficial, ° 


but they wil: whet ‘the’ appetite of the 
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Introducing 

: ® toom 
prostaglandins’ °° ~ 
Prostaglandins ' An Introduction ‘to 
their Biochemistry; Physiolog’y‘'' and 


Pharmacology By P B ‘ Curtis-Prior 
Pp’ x1+158- (North-Holland: Amster- 
dam, New’ York and Oxford, 
DA- '42: $16 25, : 


THIS volume 1s intended as an intro- 
duction to prostaglandins ,for- those 
“currently uninitiated,in the subject” 


The author begins the main text by - 


describing the .nomenclature,-and | bio- 
synthesis of prostaglandins. I found, the 
latter section rather, misleading. in 
parts—for example, the transformation 
of endoperoxides ,to prostaglandins, 1s 
depicted (wrongly) as a reversible re- 
action Sections covering prostaglandin 
catabolism, - inhibitors ‘of biosyntheis 
and, receptor antagonists, are followed 
by a chapter, entitled - “Prostaglandin- 
like substances” (mainly polypeptides), 
which I felt did not really belong in the 
book at all The remainder of the text 
largely comprises,,an account of the 
effects of prostaglandins ın physio- 
logical. and pathological 
little. was said about their 
role, in the, control of parturition, or 


“platelet .aggregation—surely two areas 


where the case for prostaglandin in- 
volvement is, stronger, than most? , The 
+ 
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student, and the enthusiast, my go on 
to read beyond this texte «70 s * 

It is regrett&ble that the mod of 
action of aldosterane dées not receive 
a.more detailed treatment. Tis és one 
of the, few examples m steroid endo- 
ommology where the investigator. can, in 
fact obtain a, Fasrly precise physiological 
indicator of the action of the hormone 
‘n arn in vitro system 

Tihis treatment of the endootmology 
of Steroid hormones vill be welcomed 
by many. teachers, The textbook wil 
be valuable to students who are read- 
ng ' Bjochentistry either for a general 
degree or for an ‘honours degree, and 


many of thé problems assocrated with’ 


the | interprótatióri of the mode of 
action of. steroid’ hormones are’ high- 
hghted , Sincé the ‘subject as so wide the 
treatment ig superficial in parts; but‘it is 
always tteresting, readable and rela- 
tively free from errors. The book can 
be recommended as a straightforward, 
clear account ‘of ‘the’ concepts’? of 
molecular endocrmology of. steroid 
hormones # àn the’ mid- 1970s 


7+ 24 
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G ‘S. Boyd 1s Chairman of the Department 
of Biochemistry at the University of, Edin- 
burgh, UK,. and Honorary Director .of an 
M RC group 'on ere metabolism. 
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final chapter deals rather perfunctorily 
with + the” ‘important topic'' of bio- 
‘synthesis of thromboxanes and - other 
non- prostaglandin products of arachi- 
donate 

“The text 1s ‘produced By a process of 
direct photographic reproduction of the 
typescript; an@ the difficulties this 
causes in’’the arrangement of the 
‘figures give this. (otherwise well: pro- 
duced beok) “a „Slightly unbalanced 


loòk ' I found the quality of the art- . 


work rather’ variable, mainly because 
half of the figures are reproduced from 
other sources. a’ practice- which: leads 
to 'troublé in“ the -‘final chapter where 
the wrong structure of thromboxane 
‘A; is givén.” maa . 

‘This book is easy to-read, but I found 
the chapters-rather superficial and had 
the impression ‘several times that the 
author was a little’ out of touch with 


the mainstream of prostaglandin re- 


search There is, however, no “‘primer”’ 
on ° prostaglandins - to + which ` the 
‘‘unimitiated’’-can refer, and no’ doubt 
many ‘will be glad to- find: this informa- 
tion collected in avbasic text The‘book 
. adequate > references: “for 
further study R. J. Flower 
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R J Flower is a research pharmacologist 
within the Wellcome. Foundation. Becken- 
ham, Kent. UK a’ o 
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Enzymes 


and cellular ° 
metabolism 


The Enzyme Molecule. By W. Ferdi- 
nand. Pp. xvi+289. (Wiley: London 
and New York, 1976.) Cloth £9.50, 
$20; paper £4.50, $10. 





THE study of enzymes is often regarded 
as being an end ın itself rather than 
being an essential step towards an 
understanding of the way in which the 
cell functions and regulatés itself as a 
biochemical entity. This book makes a 
valuable contribution to setting the 
study of enzymes in the wider context 
of cellular metabolism. The book, 
which is intended for undergraduate 
students, requires little initial biochemi- 
cal knowledge from the reader, al- 
though some elementary mathematical 
ability is assumed. 

The topics of simple thermodyga- 
mics, single-substrate enzyme kinetics, 
enzyme purification and protein struc- 
ture and chemistry are dealt with in 
some detail in the earlier chapters and 
an appendix of the book. These chap- 
ters lay a solid foundation for the dis- 
cussion of enzymes which occupies the 
remaining two thirds of the book. A 
chapter on enzyme structure and func- 
tion covers the measurement of ligand 
binding, determination of residues at 
the aetive site, conformational changes 
in proteins and mechanisms of enzyme 
catalysis. This last section provides a 
clear and readable account of transi- 
tion-state theory which should provide 
an excellent introduction to those 
wishing to take the subject, further. 
The author has choSen to consider a 
single enzyme, ribonuclease, as an ex- 
ample of the chemical mechanism of 
enzyme action, and the account pre- 
sented provides a good summary of the 
evidence which has led to current 
theories of its catalytic mechanism. 

The effects of inhibitors, activators, 
pH and temperature on enzyme activity 
are covered in a single chapter occu- 
pying some fifty pages, which also 
includes a treatment of the kinetics of 
enzymes using two substrates. The 
attempt to cover such a wide range of 
topics in a relatively short space has 
led to a rather uneven treatment. The 
effects of pH and temperature on 
enzyme activity are piven rather brief 
and superficial treatments, whereas the 
discussion of the Wong and Hanes 
method for deriving kinetic equations 
is excellent. In the consideration of the 
kinetic mechanisms of twoesubstrate 
enzymes the author’s prejudices do not 
always coincide with those of the re- 
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viewer and genérally this section con- 
centrates upon nomenclature to too 


great an extent without considering the y 


underlying causes of the observed, 
kinetic effects. Cooperativity and allo- 
stery are considered in a separate chap- 
ter which makes a clear distinction 
between these two phenomena and dis- 
cusses the major models of coopera- 
tivity and the kinetic predictions that 
they make. Aspartate transcarbamoy- 
lase is chosen as an example of an 
allosteric enzyme for detailed discussion 
and the author provides a lucid account 
of a somewhat confusing situation. 

The first chapter of this book con- 
siders the role of enzymes within the 
cell and this topic is returned to in the 
final two chapters which discuss the 
role of enzymes in the control of meta- 
bolism. One of these chapters provides 
a somewhat brief outline of the factors 
affecting the control of enzyme con- 
centration in the cell, whereas the 
other is an account of the kinetics of 
the regulation of metabolic pathways. 
Thise chapter provides an excellent 
account of how the enzyme kinetic 
theory considered earlier can be applied 
to the regulation of metabolic path- 
ways within the cell. It should be re- 
quired reading for all those who believe 
that the study of enzyme kinetics is an 
end in itself. i 

An important omission from this 
book is*that there is no treatment of 
the kinetjcs of.the transient phases of 
enzyme reactions. The author has ob- 
viously had to be selective in his choice 
of topics in order to deal with the study 
of enzymes in a relatively short space, 
but the lack of any treatment of this 
topic restricts the value of the béok 
as a general introductory text on enzy- 
mology. Shortage of space has also lead 
to a somewhat cryptic presentation of 
some topics such as X-ray crystallog- 
raphy and experimental methods for 
studying ligand binding. In addition the 
author occasionally makes categorical 
Statements that should require qualifi- 
cation For example, it is asserted that 
the initial rate of enzyme-catalysed re- 
actions is always proportional to en- 
zyme concentration whereas there are 
in fact a number of exceptions to this 
and workers should be encouraged to 
cĦeck for such linearity rather than 
just assuming it. 

Despite the above reservations this 
book provides a good introduction to 
the study of enzymes and should prove 
valuable to many students, particularly 
in showing how this topic relates to 
the wider fields of biochemistry and 
cell biology. 

K. F. Tipton 


K F. Tipton is Lecturer in the Depart- 
meni of Biochemistry at the University of 
Cambridge, UK, 
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A Biologist’s Mathematics 
David R. Causton 


Contemporary Biology Series 
Presents mathematical ideas, 
methods and techniques for 
students of biology. 
Publication March 
Cloth £9.95 Paper £4.95 


Man and the Biology of 
° Arid Zones 


John L. Cloudsley-Thompgon ° ° 
Contemporary Biology Series 


The first text to embrace a 
broad ecological approach to desert 
biology. 

Cloth £10 Paper £4.95 z 


The Comparative’ 
Endocrinology of the 
Invertebrates 


Kenneth C. Highnam and 
Leonard Hill 


Second Edition 
Contemporary Biology Senes 


A modern synthesis of knowledge 
about endocrine mechanisms in 
invertebrates. 

Cloth £16 Paper £8.50 


The Differentiation of Cells 
Norman Maclean 


Genencs — Principles and 
Perspectives: A Series of Texts 


Reviews our present understanding 

of the problems 

of cellular differentiation. 
Publication March 

Cloth £12 Paper £5.95 


Biological Nomenclature 
Charles Jeffrey 
Second Edition 


‘*. ., biologists at all levels 
should study this book.” 
Nature (of the first edition). 
Now includes recent amendments 
and declarations. 

Publication March 

Cloth £4.75 Paper £1.93 





Edward Arnold 


25 Hill Steet, London 
WIX 8LL 


Circle No. 35 on Reader Enquiry Form. 
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Differing approaches 
to genetics 





SINCE a knowledge of genetics 1s now 
‘considered an important ingredient of 
‚many undergraduate courses, as widely 
disparate as molecular biology and 
rsociology, very different approaches eto 
‘the subject are to be expected. This 15 
reflected in several undergraduate texts 
“which have appeared ın the past year. 

M. I. Lerner and- W J. Libby’s 
Herity, Evolution and Society, (Free- 
man San Francisco, second edition, 
$13 95; £8.80) ıs concerned more with 
the social consequenees of genetics, 
although ıt would be unfair to suggest 
that the authors have neglected the 
screntific basis of the subject. The 
emphasis throughout is on the relation- 
ship between genetics and evolution, 
‘particularly * human evolution. Yet 
though largely, but hot exclusively, 
concerned with human genetics the 
text is not over-burdened with obscure 
clinical references which often reduce ® 
the appeal of such texts to science 
students. The standard arrangement of 
e most student textbooks of genetics 15 
not followed For example, chromo- 
some structure and function dre not 
‘dealt with as such but'are included in 
chapters on gene ‘interaction, sex and 
mutation. An attractive feature of the 


book is the use of inserts, called 
‘boxes’, in which are segregaéed most 
of the descriptive, biographical and 


tabular material Thi8 is a clearly writ-* 


ten text which 1s eminently readable. 
Many biologists are daunted by 
genetics because of the emphasis on 
statistics D. T Suzuki and A. J. F. 
Gniffiths recognise this problem, and 
. their book, An Introduction to Genetic 
Analysis (Freeman San Francisco, 
$1395) “. . . attempts to teach the 
reader how fd do genetics’. This is 
therefore not strictly a t&xtbook, forit 
is not just concerned with concepts but 

, is more a guide as to how to analyse 
genetic data. The approach is essen- 
tially quantitative. although a level of 
mathematical sophistication no greater 
than simple algebra ıs required It is 
clearly meant to be a didactic text, 
extensive use being made of a question- 
‘and-answer format, problem-solving 
exercises (a separate book of answers 
is available), and the dispersal within 
the text of:so-called “messages” which 
“summarise important information. 
There are also sequences of diagrams 
illustrating mitosis, meiosis, DNA re- 
plication and translation which can be 
eanimated by letting the pages flip over 
This latter device ‘is not ‘really very 
Satisfactory and segms otit of „place in 
a University teat Quantitative prob- 
lems in all aspects of genetics are com 
sidered including Mendelian segrega- 
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“and the referencing is inadequate to 
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tion, linear’ and (Circular linkage 
analysis (but not lod score methods), 
cytogenetic mechanisms and mutation. 
There ıs also a chapter on population 
genetics. Perhaps it 1s in this latter field 
that mathematical analysis has been 
most important, yet this 1s given rela- 
tively little attention The book is wide 
ranging mm the material chosen to illus- 
trate problems in genetic analysis, but 
tt is difficult to see how it will survive 
competition. with more conventional 
texts. 

N. V Rothwell’s: book Understand- 
ine Genetics (Williams and Wilkins 
Baltimore, $14.95), is perhaps the most 
conventional of these texts. It deals in 
the,usual manner with the mechanisms 
of gene ‘action, cytogenetics, various 
aspects of biochemical genetics and 
population genetics. The molecular 
basis. of inheritance is dealt with very 
well*indeed but rather oddly is re- 
legated to the latter half-of the book. 
This text pgovides a straight-forward 
account of genetic mechanisms ilus- 
trated by examples from widely rglated 
organisms. The illustrations are simple 
straight-forward line drawings , which 
are very attractively presented. Each 


use a historical ‘approach in Order to 
emphasise the reasoning which ‘initiated 
critical studies and lead to important 
conclusions. The hope 1s that the book 
will have a two-fold purpose. “` . to 
introduce the student to the essential 
facts of genetics and to introduce the 
student to the methods of science”. In 
general the authors have been success- 
ful. Again, illustrative examples are 
widely chosen from both the plant and 
animal kipgdoms. Of student texts 
which deal primarily with the science 
of genetics, this is perhaps the most 
readable and exciting, probably because 
of the emphasis on the evolution of 
concepts and ideas. It also becomes 
quite clear*where there are still some 
major gaps in our knowledge and un- 
derstanding, as in the case of chro- 
mosome structure The book is 
enhanced by simple ‚straight-forward 
line drawings and with references to 
key papers. Each chapter concludes 
with a number of exercises but no 
answers are provided. 

These four books therefore reflect 
very different approaches to genetics 
For. those. whose main interest lies in 
human problems and the social con- 


chapter concludes with some well sequences of genetics, Lerner and 
chosen references, although very few  Libby’s book can be unreservedly re- 
of these are more recent than 1970 commended For those who want a 


‘Apart from the chapter on probability 
there are no student exercises. 

W. .Hexter and H T Jaost’s The 
Science of Genetics (Prentice-Hall 
Englewood Chffs, New Jerséy, £11 90. 
$1895) 1s also an introductory text 
designed primarily for biology students, 


but here the authors ie to 
Abundant Ly 


more standard undergraduate text of 
general genetics, Hexter and Jost’s 
book ıs perhaps the best. 


Alan E. H. Emery 


Alan E. H. Emery is Professor of Human 
Genetics at the University of Edipburgh, 
UK. 








e. Nath forty shasters written ‘by many 


fe tat" ‘~~ different people. The line drawings are 

facts of p 4 ~filst class but the reproductions of 

l y “« photographs are in the main of indif- 
immuno o w ae ie ferent quality. ° 

BY CO ere A, v“ + The first half of the book deals with 


the -basic aspects of immunology start- 
ing with a delightful chapter by Grabar 
on the historical background The short 
chronology on important achievements 
in immunology, which terminates this 
particular piece, ends at 1959 at a time 
when many might think immunology 
was just beginning to gather steam. 

The second half of the book starts 
with a summary of the methods in 
common use in immunodiagnosis- and 
concludes with a series of chapters on 
‘clinical immunology. 

The book 1s-fascinating and reminis- 
cent of Florey’s texts on general path- 
ology My reservations simply concern 
the difficulty of teaching rapidly chang- 
ing subjects without perpetuating too 
many errors A. J. S. Davies 


‘Basic and Clinical Tamin ‘Edited’ 
by H. H. Fudenberg, D. P. Stites, 5.1L. 
Caldwell and J V. Wells (Pp. 653. 
(Lange Medical Publications ‘Los 
Altos, California, 1976) $12.50. 


THis large book is good value for 
money. Its intent is to act as a source 
from which the enquiring mind may 
obtain the abundant facts of immun- 
ology. There are impurities in this 
spring of knowledge some of which 
should disappear in the promised bi- 
ennial revisions. The editors solicit our 
specific advice on this point. 

The tone of the book is authoritarian 


check the origins of many of the state- 
ments made This may be ın line with 
the current teaching of medical students 
but it 1s irritating for the more curious 
reader The indexing is capricious, 
which 1s probably inevjtable in a book 





A. J Sa Davies is Professor of Immuno- 
biology in the University of London, work- 
img at the Chester Beatty Research 
Institute, London, UK. 
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© Physical and Chemical Sciences Many specialists require reportseof conferences 


which lie on the periphery of their own field of 


@ Engineering, Technology & Applied study. However, such conferences have not 


Sciences 


. - always been adequately reported to them. » 
© Agriculture, Food and Biology CONFERENCE REPORTS eliminates that de- 
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ments in his own and related fields. 
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„undergraduate text. It ıs written in a Wel 
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The Evolution of Reproduction 5 
Edited by C. R. AUSTIN and R. V. SHORT 


Reproducton in Mammals 1s a series designed as a basic 
style, copiously 
e illustrated and published ın six slim volumes. This, the sixth volume 
on the Evolution of Reproduction, ventures into a new ‘and 
important area of biological thinking, and examines the many 
influences that have played a part in the development of 
*mammalian reproduction. 
Reproduction tn Mammals 6 ° Hard covers £6.50 net 
Raperback £2.50 net 


Plant Variation and Evolution 
D. BRIGGS and S. M. WALTERS 


A textbook on plant vanation and evolution for undergraduate 
biologists z ° 
‘This really excellent book 1s, I think, quite the best short 
survey [have ever seen. The text 1s luadly and easily wntten, 
excellently illustrated and the volume beautifully made and printed 
There 1s no better elementary introduction to a subject of 
central biological importance.’ Journal of Ecology 
Paperback £2.95 net 
This edition ts not for sale in the USA and Canada 


Foundations of Mathematical Genetics 
A. W. F. EDWARDS 


A defmitive account of the basic models of population genetics, . 


with the subsidiary purpose of giving the historical ongins of 
developments since 1908 Although wnitten primarily for those 
professionally interested ın the mathematical aspects of genetics, 
ecology and biology generally, advanced students ın mathematical 
genetics will also find ıt complementary to the established 
textbooks £5.80 net 


The Ecology Game 
MICHAEL A TRIBE and DEREK PEACOCK 


A simulated research exercise on an ecological topic for 
sixth-formers and undergraduate biology students working m 
groups. The matenal consists of 110 data cards, index and grant 
cards, six student instruction leaflets and tutors booklet giving full 
instructions, all presented in a nng-bound folder. The game could 
be particularly useful as a substitute for, or extension of field work 
Basic Biology Course . Game Pack £10.00 net 
Fim Strip £6.50 + VAT 


Circle No. 14 on Reader Enquiry Form. ° ? 
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Tropical Soils and Soil Survey 
ANTHONY YOUNG 


A book about tropical soils wntten from the point of view of the 
held soil scientist. Whilst primarily directed at those concerned 
with, or training for, field studies of soils in the tropics, the book 
will also be useful to non-speciahsts who wish to understand the 
significance of soils in agriculture and economic development. 

Cambndge Geographical Studies No. 9 . £15.00 net 


Paperback edition . 

Applied Geophysics ° 

W. M. TELFORD, L. P. GELDART, R. E. SHERIFF 
and D. A. KEYS 


A comprehensive textbook of exploration geophysics that 

describes the various methods available for locating deposits of oil, 

natural gas and minerals A valuable work of reference for 

exploration geophysicists and a textbook for students at the 
duate level. 

‘The book ts a very good one, written and illustrated with clarity ' 

Nature 


To be published on 24 March Paperback £9.75 net 


Vector Fields 


Vector Analysis Developed through its Applications 
to Engineering and Physics 
J. A. SHEROLIFF 


A feld 1s a distribution i space of physical quantities of obvious 
significance, such as pressure, velocity or electromagnetic 
influence. This textbook for students of engineering, physics and 
applied mathematics develops the mathematical :deas necessary to 
handle fields and provides a core course showing how the same 
mathematical ideas can be used in a wide range of different physical 
contexts 

Hard covers £13.50 net 


Forthcoming (March) Paperback £4.25 net 


Electric and Magnetic Fields 
An Introduction 


SIR CHARLES OATLEY e 


This book presents an introduction to electromagnetic theory 

based on the authors ten years’ experence in lectunng m the 

subject to engineering students The eniphasis throughout 1s on 

physical principles and it 1s suitable fof first- and second-year 

students studying engineering and physics. 

Electronics Texts for Engineers and Scientists Hard covers £9.75 net 
í Paperback £3.50 net 
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Vector Analysis 


A Physicist's Guide to the Mathematics of Fields in 
Three Dimensions 
N KEMMER 


A book in which Professor Kemmer brings a novel approach to the 
subject which while maintaining mathematical precision, the 
methodology of presentation relies greatly on the visual, geometnc 
aspects of the subject and ıs supported throughout the text by many 
beautiful illustrations. Whilst intended pnmarily for under- 
graduate physicists, the book 1s equally appropnate for engineers. 
engineers, . 
Hard covers £12.00 net 
Paperback £3.95 net 


Principles of Cosmology and Gravitation 
MICHAEL BERRY 


This book presents modern scientific cosmology and E:nstein’s 
theory of gravitation at the undergraduate level, thus filling a gap in 
the literature It has been designed as a cosmology coufse text for 
undergraduates, for research students starting work on cosmology 
who require a preliminary onentation and for every physicist who 
wants to learn about current work ın cosmology and gravitation. 
ë Hard covers £7.00 net 
Paperback £2.50 net 
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Developing ` 
biologists ` 


x ' 





The Developmental Biology.of Plants 
and:Animals, edited by C. F Graham 
and P. F Wareing (Blackwell Scien- 
tifc Oxford and London, £775; 
Saunders Philadefphia), is unusually 
courageous for a textbook in, treating 
development as 4 biological problem, 
not simply as zoology or botany This 
approach has clear gains (for example, 
cell interactions and ‘control of 
differentiation) but also losses a 
selection of topics that “have a ‘bearing 
on géneral themes of planteand animal 
development” (my italics) inevitably ex- 
cludes many of relevance to only one 
or the other. On the animal side, the 
book has nothing on extraembryonic 
membranës and, more seriously, next to 
nothing on cell movements 

The book is in sıx parts, most with an 
introductory chapter and- short con- 
clusion ` by the - editors. «Individual 
chapters are by 20 different authors, 
mainly writing from British laboratories 
(except J: T. Bonner from the USA) 
Tntegration is achieved ‘by extensive 
cross-referencing Figures are used 
sparingly, giving ‘us a lot of text for 
our money The book is’ ‘advanced, not 
introductory’ most chapters assume 
basic background, and some use an 
eclectic range of examples ‘and termin- 
ology that would soon baffle a beginner. 

Tn a book of this scope, an individual 
is boynd to''have both ‘praise and 
grumbles over facts or emphasis Many 
chapters seem to me admirable critical 
summaries of our presertt knowledge— 
thosé on animal cell jurfctions and the 
control of gene expression are espec- 
‘lally clear On the other hand, the 
emphasis -of ’the chapter on “self- 
assembly’”’- seems misplaced There is 
lots of physical chemistry, but very 
little on regulation. surely the central 
issue for ‘developmental biologists 
“Pattern formation ‘in ° animal 
embryos” 1s not for the unwary, reading 
simply for information: ‘it~ ‘suggests 
short - range inductions rather. than 
gradients ` or positional ' information as 
the basic mechanism——a ‘stimulating 
‘article, belonging more in a journal 
than a textbook. The section on en- 
vironmental ‘effects (rarely mentioned 
in accounts of animal development) 
disappoints me Although most work 
has been on ‘model animals in 
laboratories, emphasising the constancy 
of developmental processes, informa- 
tion is now’ appearing on ecologcal 
factors (for example; on the timing of 
amphibian’ metamorphosis), bute none 
of this 1s mentioned’ 

Some small points ` 
ignorant of ‘Ascaris 


a = student 
might get the 


‘competitor, 


_ Student, books supplement y 


impression that chromosome diminution 
never occurs (p302) Is vertebrate, limb 
elongation “entirely due to addition of 


tissue at the tip” (pl80)? Why no 


mention of Roth’s, (1973) hypothesis as 
a mechanism of cell, interactions 
(chapter 31)? And two irritations’ 
tubulin repeatedly spelf tubullin (p259); 
reference lists at -the end of, each 
chapter, some .in alphabetical order, 
others not, rather than altogether at 
the end, ° 

Do advanced students need a text- 
book? Many courses prefer directed 
reading in the original literature and 
reviews, since ageing is rapid in the 
subjects covered here. Although the 
cover date is 1976, the bqok’s literature 
survey just scrapes into’ 1974, compar- 
ing unfavourably a its most direct 
‘Lash’ Whittaker’s 
Concepts of E (Sinauer . 
Stamford, ' T974); almost as’ up-to“date, 
despite its earlier. publication. The in- 
completeness makes'‘the book less than 
ideal for either botanical or zoological 
courses) still in'the majority?). Students 


91 


may simply. regard. the ‘irrelevant’ 
chapters as money down the drain: 

Despite these general doubts, and a 
few, grumbles ‘about - details, Pd still 
heartily recommend this book for the 
excellence of many of its chapters, for 
its thoughtful overall philosophy, „and 
for those sections which include 
examples from both kingdoms——they’ll 
make biologists of us yet! i 

I cannot so easily recommend John 
McKenzie’s Introduction to Develop- 
mental Biology’ (Blackwell Scientific : 
Oxford and London, £4.25; Halsted / 
Wiley: New York). This ,takeg the 


` view that students ‘need to be ‘cajoled 


into an interest in development by 
examining human development ‘first. 
This may be true of medical students, 
but not, in my experience, of biologists. 
For an introduction, the book has boo 


many unexplained anatomical terms 
(no glossary) and’ minor errors. 
“o KR: Downie 


J R Downie is Fac tive: in Zoology | at 
the University of Glasgow, UK. 





Recipe books 
for crop production. 


Crop Production: Principles and 
Practices by S R Chapman and L. P. 
Carter (Freeman San Francisco, $15) 
is one of several similar books that 
outline the production of crops in 
the Untéed States. All of them profess 


to introduce the principles of crop pro-’ 


duction before detailing the growing 
procedure for the major crops For 


example, in this book by Chapman and . 


Carter “Our philosophy has been 
that modern highly productive farming 
practices depend on an understanding 
of the principles of” ‘plant growth 
When the principles, are grasped, the 


' practices follow logically’ This is a 


commendable philosophy ‘for the teach- 
ing of undergraduates in’ agriculture, 
but when ‘a closer look ıs taken at 
these ‘introduction principles (approxi- 
mately Half of the book) ‘we find, in 


spité of a beautifully illustrated text, 


a father thin’ veneer of elementary 
botany covering ` once again mitosis and 
meiosis, simple plant morphology, 


‘properties ` Of ‘soils, ‘and ‘so, on which 
‘seem too common an occurrence in SO 


many agricultural’: textbooks that try 
to cover toó much material To give 
two examples, where are the principles 
relating economic crop yield to plant 


‘density, which can explain seeding rate 


and crop establishment practices: and 
where are the principles of fertiliser 


Tesponse curves on which all fertiliser 


recommendations need to’ be based? 
‘ ¢@ r E 


% 


As oyr present knowledge of field crop 


physiology gives a clearer understand- e « 


ing of many common crop practices 
throughout the world, it should now 


form the basis of crop production text- 


books. 

The second half of the book deals 
with. production practices for each 
crop in the form of a growers’ manual 
This may be useful source ,of 
“reference, but, one hopes that present 
undergraduates are not expected to 
learn and inwardly digest the factual 
details of crop-growing procedures. A 
further indication of thin coverage, is 
the allocation of only six pages of text 
to the maize crop, particularly since 
the crop, originates from a country 
that produces 40% ‘of the world’s pro- 
duction, è 

In contrast,, the latest ,edition of 
Principles of Field Crop Production 
(Colher-Macmillan. , London, £7) by 
Martin, Leonard and Stamp. gives 
some, five times . this coverage. and 
would provide a better reference 
source But _in the final analysis, the 
recipe book approach to crop produc- 
tion makes this type of textbook no 
more effective than a farmer’s manual 
for tht ‘country of ongin How, for 
example, does . a Unversity level 
,agronomist, who „has been feared on 
such a diet, adapt to, unfamiliar en- 
vironments, suchas the third world, 
without an, understanding ; of.. the 
principles of field crop growth? | , 
G. M. Milbourn` 


1, t 





G M Mibourn is Senior Lecturer ‘in 
@rop Production at Wye College, Univer- 
sity of London, UK. , 
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metabolism are also. well” 
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Microbial on 

-9 ? ‘ss 
physiology... | 
Microbial Physiology (Basic -Micro- 
biology, Vol 4.) By I. W Dawes and 
i W Sutherland, Pp v+183 (Black- 


well Scientific. Oxford and London, 
1976 ) £4.25. 


+ 


PEE: ee 
MICROORGANISMS can do so many 
things and can do some of them in so 
many different ways. consequently ipis 
hards -to give a short- introductory 


account of microbial physiology which -. 


clarity and precision while 
if not com- 
The 


retains , 
covering a representative, 
prehensive,’ range of material. 


choice, of topics mm this book is judi- ` 


cious, but the coverage of them i$ 
somewhat uneven 

The first chapter is a concise account 
of the, structure and organisation of 
both eukaryotic and prokaryote micro- 
bial cells with a useful digression on 
flagellar function This 1s followed by 
a chapter on the growth of cells and, 
populations. Although the cell cycle 
and its relation to both production ol 
new cell surface and DNA repi, tation 
are well described, the part on growth 
of batch and chemostat ‘cullanes 15 
rather slight A discussion of cell death 
and the mode of action of some /anti- 
microbial agents is, however, included 

The third chapter.’ Substrate entry 
into the cell”, prefaces lour cnapters 
on microbial biochemistry Energy’ pro- 
duction in heterotraphic’ O1BaNIsMs ` iy 
covered in reasonable detail, and this 
is followed by a description of photo- 
synthesis which iy the worst part of the 
book, as it Is not a particularly clear 
account,’ including an odd choice of 
detailed information and some un- 
fortunate errors Laually, the chapter 
on monomer biosynthesis’ 19 patchy 
Some anaplerotic sequences dre des- 
cribed in good detail. sebut it is not 
possible to deduce.*for instance. ‘how 
an organism might grow with succinate 
as sole carbon source The choice of 
biosynthetic pathways and their des- 
cription on the other hand ,makes 
pleasant and informative reading 

The next two chapters on macro- 
molecular synthesis and the control of 
‘done in 
general The concluding chapter i Is con- 
cerned with morphogenesis, Showing 
the importance of this sort of 
phenomenon for microbiologists and 
what’ marvellous experimental systems 
microorganisms can provide for the 
study of-a variety ‘of morphogenetic 
problems 

The standard of production of this 
book ıs fair 
but the text 1s divided by frequent sub- 
headings There are plenty of illustra- 
tions, most of which are informative. 
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the sprints rather small ’ 


6 
° Student books supplement 
although they vary fn style and pre- 


cision Thus, the effect of temperature 
on the’ growth ‘rate of Escherichta colt 


eis shown as ar, Arrhenius plot with 


fully described scales and with data 
points (which 1s good), whereas the im- 
duction of galactosidase by 150- 
propylthiogalactoside is shown as a 
sketch graph without scales or data 
points, and is actually incorrect (which 
13 bad) 5 ; 

The further reading suggested also 
leaves something to be desired Two to 
five review or texthook references are 
given for each chapter, but these do 
not always cover enough maternal For 


... genetics... 


Two recently published books on 
microbial gen@tics; aimed at first- and 
second-year undergraduates, cover 
essentially similar material, which can 
be broadly described as the organisa- 
tlon, function and recombination of 
bacterial and = viral chromosomes and 
the molecular basis of gene actioh The 
emphasis of the two books 1s, however, 
very different. About 30", of D M 
Carlberg’s Essentials of. Bacterial and 
vonul Genencs (Charles C > Thomas 
Springfield,’ Illino1s, $24.75) 1s devoted 
eto an Interesting account of mutation 
and a further 30%, to recombination 
systems in bacteria and viruses, About 
40", of the new edtion of J R S 
Fincham’s Adicrobial® and ° Molecular 
Gencies (Hodder and Stoughton: 
‘Londoh, hardback £3.95, paperback 
£2 25. Crane, Russak New York), on 


.the other hand, provides uséful sum- 


maries of gene action. 
plasmids and DNA technology Fin- 
cham follows the now traditional 
sequence of the- properties of DNA, 
chromosome mapping and mutlanon 
ToHowed by the topics already men- 
tioned. whereas Carlberg covers pro- 
tein synthesis, regulation and mutation 
before basic features of genetic systems 
which imevitably results in a degree of 
cross referencing 

ås an introductory text Fincham’s 
book suffers from’ not being self-con- 
tained Some of the basic material on 
chromosome mapping and  bacterio- 
phage biology 1s not clearly explayned. 
For example, it is not very helpful to 
provide ascus analysis data from a 


regulation, 


four-point cross in Neurospora together 


with a bald statement in the text that 
“Table 2 illustrates the principle” 
(p31) It 1s also difficult to understand 
why there are ho diagrams of the lytic 
and lysogenic cycles of bacteriophages 
when there are diagrams of life cycles 
of Neurospora and yeast, organiyms 
covered in only. a minor part of the 
book Another topic which lacks dia- 
grams Is the mechanism of sex factor 
insertion and chromapome transfer in 


# 


„of bidirectional! 
‚The incluson of a patent application 


yea4rs 
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chapter two, there ure no references on 
population dynamics and = asynchro- 
nous culture t&chniques. although three 
references to cell cycle literature are 
given 

This book may -be of use for micro- 
biologists in the early stages of an 
undergraduate course and as a concise 
survey for students of biochemistry 
ahd genetics. I think it 1s poor value 
for money at ifs present price, 


å C. F. Thurston 
C F. Thurston is Lecturer in Micro- 
biology at Queen Elizabeth | College, 


Uniwersity of London, UK. 


bacteria In the preface the author 
hopes that the book will not be beyond 
the “ambitious beginner” ın biology 
but one might add to that the, “intelli- 
gent beginner“. as | do not feel that 
this 1s the book to guide the average 
student through these aspects of 
genetics Although the author provides 
selected textbooks and original articles 
for advanced students he does not 
really cater for elementary students 
Working at this level Reference to 
articles in Scienrfi¢ American, Science 
Progress, Science, New Sctentist and 
the British Medical Bulletin would have 
been more appropriate 
Carlberg ‚deal with his subject 
matter rather broadly and includes 
some interesting material on industrial 
and medical applications of microbial 
genetics His style is essentially that of 
a lecturer giving an outline of ‘the 
material but “leaving much fine detail 
forthe interested student to see® out in 
the literature’ This approach has 
much to recommend it as the book is 
readable, inteéresting and clear, but it 
has the disadvantage that the book 
cannot be used to provide the detail 
usually *expected in a course text 
Carlsberg’s book 1s more lavishly pro- 
duced, which is reflected in the price. 
The diagrams, many of them original. 
are on the whole clear but some are 
below the standard .expected For ex- 
ample, the drawing of an icosahedral 
virus on p286 Is Inadequate, the models 
for recombination are not good, and a 
diagram on pl93 shows a diploid cell 
with a-haploid chromososome number 
It 1s also surprising to find no mention 
replication of DNA 


t 


Is Interesting but it is difficult to see the 
justification for the inclusion of. ten 
pages rather than an abstract of the 
Important points, 

Neither book attempts to be fully 


up-to-date in controversie! areas, such 


as molecular mechanisms for recombi- 
nation, so that the materia] included 
should not date too rapidly It must be 
recognfsed. however, that most genetics 
texts only have a useful life of a few 
Neither book can be strongly 


a al 
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recomnfended for ‘ust as course texts 
although Carlberg’s might be suitable 
for particular types of courses Its 
price, however, would -prevent its pur- 
chase as a standard text For students 
studying genetics as well as microbial 
genetics, a more sensible purchase 
would be the second edition of M W 
Strickberger’s Geretics (Collier-Mac- 
millan : London, £6.30+0.95 pence for 
answer manual). , 
Bacterial, Phage 
Genetics. (Springer: Berlin and New 
York, DM23; $950), a practical 
manual by U. Winkler, W Ruger and 
W Wackernagel, translated from the 
German, 1s a very useful collection of 
experiments which complement well 
the manuals already available There 
are a range of experiments on the 
purification of bacteriophages as well 
as detailed schedules on density 
gradient centrifugation techniques 
Molecular aspects include the isolation 
and analysis of DNA from bacterio- 
phages as well as experiments on 
mRNA. The use of ultraviolet light, 
one of the safer mutagens, is fully 
exploited to show lethal effects, muta- 
genesis and the induction of lysogenic 
and colicinogenic bacteria. Standard 


and, Molecular 


Student books supplemens 


bacterial and facteriophage genetics 
experiments are included as well as 
transfection of Escherichia coli sphaero- 
plasts with A DNA. The final sectione 
deals with gene action and phenotypic 
expression with systems ranging from 
morphopoesis in T4 bacteriophage to 
regulation of A-galactosidase In addi- 
tion to schédules for 25 experimental 
areas there are also brief introductions 
to background theory, useful refer- 
ences, five sets of problems and answers 
and (particularly valuable) 48 pages of 
the results expected from the experi- 
ments described. 

This manual should prove very useful 
to lecturers attempting to broaden the 
range of experiments in microbial 
genetics courses. The book is clearly 
produced and usefully illustrated with 
graphs and specimen data sheets The 
experiments described are naj as 
ambitious as some of the recent 
manuals on molecular genetics but this 
has the advantage that *most of the 
experiments should be feasible in a 
depastment with average equipment. 

B. W. Bainbridge 


B. W Bainbridge is Senior Lecturer in 
Microbial Genetics at Queen Elizabeth 
College, University of London, UK. 





... and ecology 


Interfaces in Microbial Ecology. By 
K C Marshall. Pp. x+156 (Harvard 
University . Cambridge, Massachusetts, 
and London, 1976) £9.40. 





PROFESSOR MARSHALL has written a 
book that is attractive to read, and 
which is concise, selectiye, and clearly 
written Miucroorganismsseliving at inter- 
faces do so in a peculiar habitat; thev 
are faced by unusual physicochemical 
stresses and must live a very <ifferent 
life from that of the bulk phase 
organism What then do we hope to 
learn from a book that introduces us 
to the microbial ecology of this 
habitat? 

The history of physical chemistry 
abounds with studies on the properties 
of interfaces, there are also clear eco- 
logical distinctions between gas-liquid, 
gas~solid, and liquid—solid boundaries; 
living bacteria exist in all environ- 
ments and so must encounter such in- 
terfaces regularly. Topics of this sort 
are fundamental enough to need care- 
ful definition and discussion in an in- 
troductory text. Professor Marshall 
does precisely this, guiding us adeptly 
through some fairly advanced physical 
chemistry in, the first few chapters. 
being careful to define his symbols as 
he does so. 

Later chapters are concerned’ with 
“non-specific interfacial interactions in 
aquatic and terrestrial environments” 
and “specific interfacial interactions in 


microbial ecology’. Although some 
workers may not be convinced of the 
need for this distinction, Professor 
Marshall’s etreatment of aquatic and 
terrestria® environments is stimulating 
and provokes one to further research 
He discusses the nature of bacterial 
adhesion, the problem of nutrients at 
surface’ and the habitat of sedimen- 
tary microorganisms, and _ considers 
such terrestrial topics as moisture con- 
tent, the rhizosphere and mineral dis- 
solution In his final chapter Marshall 
comments on the characteristics of 
oral and intestinal microorganisms, and 
lists some other microbial curiosities 
all of which prove entertaining. 

Technically, the book is well pro- 
duced, and the typographical layout is 
clear Almost all of the figures and 
tables serve to amplify the text, except 
perhaps Fig 1.1 and 5.6, both of which 
suffer from being reproduced on matt 
paper. The bibliography is representa- 
tivg and the only fault I could find in 
the text was unfortunately a reference 
to my own work with Professor Crisp, 
which T thought was slightly irrelevant 
in a paragraph on primary microbial 
films (p61). 

In general, T found Professor Mar- 
shall’s book easy to read systematically, 
as well as being enioyable to dip into, 
and can recommend it to advanced 
undergraduates and postgraduate re- 
search workers P. S. Meadows 


P § Meadows is Senior Lecturer in the 
Department of Zoology at the University 
of Glasgow, UK.e 
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New books from 


© 


Blackwell 


Plasma Proteins: Analytica! and 
Preparative Techniques 

PC AllenMB.ChB L DS. Elizabeth 
A Hil BSc. Ph.D and AM Stokes B Sc 
PhD AR LC. May 1977 256 pages, 
FOO iflustrations About £9.50 


The Biology of Diatoms e e œ 
Botanical Monographs, Volume 13, edited by 
D Werner. May 1977 400 pages, 65 illus- 
trations. About £12 50 


è 
Pharmaceutical Microbiology 
Edited by W B Hugo B Pharm. Ph.D FPS 
and A D Russell B Pharm. D Sc Ph.D 
MPS MR.C Path April 1977 320 page, 
60 illustrations. Paper, about £8 50 


The Molecular Biology of Plant Cells 
Botanic Monographs, Volumé@ 14, edited by 
H Smith PhD FI Biol May 1877 450 
pages, 150 illustrations About £15 00 


The Developmental Biology of Plants 
and Animals 

Edited by CF Graham MA. D.Phil. and ° 

P F. Wareing D Sc F RS 1976 392 pages, 
192 alustrations. Paper, £7.75 


An Introduction to Developmental * 
Biolagy 

J McKenzie M.D 1976” 224 pages, 112 
iustrations Paper, £4 25 


Origins of Pest, Parasite, Disease and 
Weed Problems 

Eighteenth Symposium of the British Eco- 
logical Society, edited by J M Cherrett and 
G.R Sagar April 1977 350 pages, 100 
illustrations. £14 06 


A Dictionary of Immunology 
Compiled by members of staff of the Uni- 
versity of Glasgow and edited by W.J 
Herbert PhD MRCVS D.T.VM and 
PC Wilkinson M.D Second Edition, May 
1977 240 pages, 20 illustrations Limp, 
about £3 75 


Microbial Ecology 

Basic Microbiology, Volume 6, by R 
Campbell B.Sc. MS Ph.D May 1977 160 
pages, 63 illuserations Paper, about £3 50 


Plant Disease and’Plant Pathogens 
Basic Microbiology, Volume 7, by C H 
Dickinson and J A Lucas. May 1977 160 
pages, 50 illustrations. Paper, about £3 50 


Introduction to Physiological Plant 
Ecology 


P Bannister BSc PhD 1976 264 pages, 
109 illustrations Paper, £4 75 


Environmental Physiology of Animals 
Edited by J Bligh BSc. PH.D ,J L. 
Cloudsley-Thompson PhD DSc and A.G 
MacDonald BSc Ph D 1976. 458 pages, 
100 itlustrations Cloth £18 OO, paper £9.50 


Solute Movement in the Soil Root 
System 

Studies in Ecology, Volume 4, by P.H. Nye 
MA andPB.H TinkerMA PhD June 
1977 400 pages, 150 illustrations About 
£12.00 . 


Blackwell Scientific Publications 
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Pocket guide to - 
practical genetics 


Methodology in Medical Genetics: An 
Introduction to Statisical Methods. By 
Alan E. H. Emery. Pp 157. (Churchill 
Livingstone Edinburgh, London and 
New York, 1976.) £6.50. Py 


THIS 1s a compact little book (I have 
reviewed it bit-by-bit, carrying it around 
in my pocket), clearly printed and well 
produced. The style is painstakingly 
explicit, missionary in tone, and un- 
pretentious in its „Objectives and 
exposition. 

The scope might fairly, and with no 
slight, be described as a compilation of 
those methods which Professor Emery, 
a practical human geneticist of exten- 
sive experience, has himself used. They 
comprise’ standard segregation analysis 
(including some of the newer methods 
not covered in the classical texts); lnk- 


age analysis with and without the, 


Bayesian modification; principles, but 
not details, of genetic counselling; twin 
studies, quantitative methods; and*some 
of*the elements of population genetics. 
There are many tables of wide,utility, 
at present eclipsed by the computer, 
but Gf our grants remain unfunded) 
likely to undergo a revival 

The author’s unwavering practicality 
spares us the pages of pettifogging 
middle-grade mathematics which to the 
eyes of mathematacians and non- 
mathematicians alike, blight so many 
books on analytical genetics His 
practicality is also a weakness A really 
good mathematician with a true desire 
to communicate to the non-expert 
would have produced a somewhat more 
illuminating book. Here there are no 
underlying statistical principles stated 
methods are produced with no visible 
means of support Maximum likelihood 
estimation (MLE) is used, but we are 
told nothing of its properties, a neglect 
which has its counterpart in some of 
the methods chosen. For instance, there 
seems scarcely any point now in the 
Lenz-Hogben method which has never 
been well defended (for example, as to 
the asymptotic normality of the test 
Statistic), is not based on a sufficient 
statistic, and falls far short of maximal 
power On the other hand thé MLE 
method recommended for the fre- 
quency of a rare recessive gene is so 
badly biased as to merit a jack-knife 
correction; in small samples ıt far from 
follows a normal distribution, a pro- 
, perty implicitly invoked on page 5. (A 
Poisson approximation with confidence 
limits based on the x? distribution 
would have been* preferablee) Again 
MLE of 8. the recombinant coefficieng, 
$ so biased for large 6 as to makt 
estimation of loose linkage hazardous 
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in anything but immense samples. thus 
ıt scarcely matters what, if any, 
mapping function is used. 

These defects are likely to leave the 
student, nurtured on this book alone. 
with little statistical sense and without 
either inventivemess or resourcefulness. 
This trend shows up in the method 
recommended for estimating the fre- 
quency of an X-linked recessive gene, 
which discards all information on 
female subjects. (Numerical MLE 1s 
straightforward, 1f a trifle inelegant ) 
The ABO problem ıs dealt with by 
Bernstein’s method, which ts absolutely 
efficient asymptotically but which 
would not be so for four alleles or 
more 


Integrated text ` 
on population 
biology 


Population Biology By Thomas C 
Emmel Pp xti+371 (Harper and Row. 
New York and London, 1976.) £11.95, 
$15 95 


As the author remarks in his preface, 
“part of the problem of writing a book 
on population biology involves the host 
oF inter-relationships amonge the basic 
contributing fields of ecology, genetics, 
evolution and behaviour’. Dr Emmel 
copes well with this problem, providing 
a clearly arranged up-to-datese account 
for the “well-prepared, advanced un- 
dergraduate’. The book would also 
serve the professional biologist needing 
to catch up with some aspects of this 
recently integrated subject. l 
The chapters deal with cycles of 
matter and energy, population genetics 
and evolution, population dynamics. 
dispersion, dispersal. age and sex struc- 
ture of populations, life-history pat- 
terns, mating systems, behaviour, 
climatic effects. and interactions of 
populations in communities The re- 
ference list of 1,400 or so items is 
strong on recent contributions, and the 
index 1s reasonably comprehensive 
The illustrations are on the whole*ex- 
cellent, although a few of the line 
drawings are disproportionately tall, 
and several of the half-tone pictures 
fall short of their purpose—the zebras 
in 11-14 do not appear cryptic, whereas 
the cicadas in 8-2b do (but should not) 
In a fairly advanced book presenting 
many modern ideas and eaamples, 
workers in this field will inevitably find 
things to disagree with, and also ‘errors. 
We are told on p222 that populations 
emphasising + selection typically in- 
habit regions with variable climates. 
such as the temperate zones, and on 
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I am afraid, however, that Few bio- 
logists are mathematically adventurous 
No doubt Professor Emery knows his 
audience at least as well as I do and 
caters for them appropriately With a 
good, well-informed, teacher as a safe- 
guard, this book might be successfully 
used as an elementary text, and many 
more sophisticated geneticists would be 
happy to have it in their pockets for 
ready reference i 

e Edmond A. Murphy 





Edmond A Murphy ıs Professor of Medi- 
cine at Johns Hopkins University, and 
Director of the Division of Medical 
Genetics at {he Johns Hopkins University 
School of Medicine, Baltimore, Maryland. 


p224 that most terrestrial vertebrates 
and perennial plants seem to be K 
selected, whereas most annual plants 
and insects are apparently r selected. 
The joint consequences of these two 
generalisations might well startle a 
biogeographer. Only later are we 
warned of the uncertainties of r and K 
selection theory 

Most of the errors I noticed were 
minor misprints, an omission of a text 
citation from the reference list, and so 
on I regard the original meaning of 
“decimate” and the proper spelling of 
“repellants” (noun) as lost causes, but 
hope we may save Rhagoletis from 
being confused (p60) with the “frit” 
fies. More serious is the confusing 
blunder in Fig 5-16, in which the prey 
curve is labelled “predator”, ard vice 
versa On p229, the net reproduction 
rate R, is said to be the number of 
surviving offspring per female; ıt 
should be female offspring. On p33, 
one of the equations for intensity of 
natural selection 1s badly misprinted 

Although the ‘material, hke the sub- 
ject itself, is predominantly American, 
examples are taken, from many parts 
of the World, including Britain Some 
of the examples cited are difficult to 
present briefly, and mn places (for ex- 
ample, pp!37-8) the exposition is not 
clear enough. 

To a British reader it seems odd to 
find no mention of life-table analysis 
and k factor analysis for diagnosing 
‘key factors’ and density relationships 
among the successive mortalities in 
the life-cycle. If this (as it seems to 
me) 1S a Serious omission, It iS an ex- 
ceptional feature in this generally 
comprehensive and well-balanced ac- 
count. With its stimulatingly up-to-date 
treatment, I should think it worthy of 
a place in the short-hst ‘of books for 


students of population biology. 
e M. E. Solomon 





M E. Solomon is Head of the Zoology 
Secnion at Long Ashton Research Station, 
University of Bristol, UK. 
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„New and'Forthcoming 
Titles from Longman 


PRACTICAL PLANT PHYSIOLOGY ` 
J Roberts and D G Whitehouse 

This text provides a range of tests and experiments 
in plant physiology anc? biochemistry useful to 
schools and first-year university students 

The experiments, which are designed for those 
operating on a limited budget, cover the whole 
field of plant physiology, avoiding as much as 
possible duplication ofearlier texts quoting well- 
established experiments To encourage students to 
consider variations utilising the techniques and 
principles introduced, suggested project work and 
additional experiments are provided at the end of 
each chapter. SI units are used in almost all cases, 
but conversion tables are provided in an appendix. 


Paper £4.95 net 


THE METALLIC ELEMENTS : 

R V Parish 

Written for first and second year degree students, « ` 
this book deals with the systematic chemistry of 

the metallic elements. Dr Parish combines an 

account of the descriptive chemistry of all the 
elements with explanations of the observed 

patterns of behaviour, wherever possible, in terms 

of the fundamental properties of the atoms, ions, « 

and bonds involved For conciseness and uni- * ý 
formity, coverage is restricted to the halides and 

oxides and the aqueous solution chemistry for _& 
each set of elersenis. The preparation, propertyes, 


structures and relative (thermodynamic) stabilities if 


for each of these systems are treated in some detail 
and the trends common to each group are brought 
out. An introductory treatment of coordination 
chemistry and crystalfield theory is also given. S} - 
units are used throughout. 


Publication April 1977 
Paper probably £7.00 net 


INTEGRAL EQUATIONS 

B L Moiseiwitsch 

An introductory text on integral equations for 
undergraduate students of mathematics and math- 
ematical physics in their final year of an honours 
course 

This book is mainly concerned with linear integral 
equations. It begins with a straightforward account 
of the subject, accompanied by simple examples of 
different types of integral equations and the 
methods of their solutions, but goes on to provide 
a rather more abstract treatment with a discussion 
of linear operators tn Hilbert space 


Paper £5.95 net 
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OCEANI£ MANAGEMENT 


Conflicting Uses of the Celtic Sea and 
Other Western U.K. Waters 


Edited by M.M. Sibthorp and M? Unwin 
236 pages Cloth £10.00 


THE NORTH SEA: 


Challenge and Opportunity | 
Edited by M.M. Sibthorp _ = = 
348 pages Cloth £6.95 P j 


Two reports, compiled under the auspices of the David 
Davies Memonial! Institute of International Studies which 
consider the measures required, both nationally and 
, Internationally, to cope with the twin threats of pollution » 
and depletion and to ensure that the resources of the 
waters around the British Isles are developed in the best 
‘interests of the communites and industnes which 
depend upon them Essential reading for all who are 
Concerned about the management of our natural 
resources and the protection of our environmental 
amenities 


EUROPA PUBLICATIONS 


18 BEDFORD SQUARE ° 
LONDON, WC1B 3UN 
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OR Science in a Social Context 


Seon 


The Ashby Report commenting on the spread of 
broader interdisciplinary undergraduate courses, 
states 

_ and the situation ıs likely to Improve with the 
increasing use of the valuable teaching material pro- 
duced under the Science in a Social Context (SIS- 
CON) scheme...’ 


Second Report of the SRC/SSRC Committee: 
Blending of the Natural and Social Sciences 


All those concerned to maintain breadth and perspective in 
contemporary education Mill applaud the advent of the 
SISCON study guides’ The first six titles now avaiable 
from your bookshop are . 
Galileo and Copernican. Astronomy — Darwin to Double 
Helix — Technology and Survival — Society and Food — 
Science, Technology and the Modern Industrial Stata — 
Research and Technology as Economic Activities. 


Write to us for a free introductory booklet. 


Butterworths 


BoroughsGreen, Sevenoaks, Kent TN15 8PH i 
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Titles marked * are distributed in the USA by Halsted Press, 


“Introduction to 
Environmental Remote Sensing 


E. C. BARRETT AND L. F. CURTIS 

This texfis designed to provide an introduction to modern 
remote sensing techniques and applications. It gives a 
comprehensive account of the methods and equipment 
used for rernote sensing studies. The book also provides 
a@ comprehensive coverage of the many applications af 
the techniques inciuding their use in meteorology, 
climatology, the study of landforms, forestry and urban 
studies. ° 

December 1976 346 pages Science Paperback 
£5.95 





“A Blochemical Approach 
to Nutrition 


R. A. FREEDLAND AND S. BRIGGS 

The main objective of A Biochemical Approach to 
Nutrition is to provide readers with an appreciation of the 
influence of nutrition on “metabolism and metabolic 
controls. The book ranges from detailed discussions of 
regulation metabolism to general aspects of present day x 
nutritional concern. 

10th March 1977 64 pages £1.50 œ 





“The Theory of Stochastic 
Processes. 


D. R COX AND Ff. D. MILLER 

“Here is aclear and readable exposition of everything in 
stochastic process theory that the non-specialist is likely 
to want to know ... All the important topics are 
discussed, both in general terms and in terms of 
examples drawn from many branches of science and 
technology .. .” 

J. H. Howl, Control. 

February 1977 408 pages £4.95 


‘The Ecology of Invasions 
by Animals and Plants 


C. S. ELTON 

The relatively young science of ecology is largely 
' concemed with plant and animal populations, their 
balance and the changes in them. The author offers an 
ordery explanation of the subject and some ideas for the 
improvement of control and balance in populations. 
“Oth March 1977 182 pages Sciefice Paperback £3.25 
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OUTLINE STUDIES IN BIOLOGY 


NOW AVAILABLE AS anes PAPERBA CKS 


Nature March 3 1977 


rte An mie stir at 


"Chapman EAA i 


The Scientific division of Associated Book Publishers Ltd, 
11 New Fetter Lane, London EC4P 4EE. , 
a division of John Wiley, 605 Third Avenue, New York, NY 10016. 


“Multivariate Analysis ` 


a ee ee, 


In Behavioural Research 


Monographs on Applied Probability and Statistics 


A. E. MAXWELL 

This introductory book is mainly concerned with the > 
classic techniques of multivanate analysis, but, ~ 
throughout, special attention is directed to the disruptive 
role which errors of measurement in observations can 
play when various techniques are employed, and to 
possible ways of assessing the effects of such errors. 
February 1977 176 pages Limp £3.95 





“Plant Cytogenetics 


D. M. MOORE 

This book outlines the theory of inheritance and the role > 
of chromosome studies with reference to plant material. 
October 1976 64 pages £1.50 

Forthcoming in this series 


“Enzyme Kinetics 


P. C. ENGEL May 1977 64 pages £1.50 


"Insect Biochemistry 


H. REES May 1977 64 pages £1.50 





“Ecology of Heathlands 


C. H. GIMINGHAM 

“There are eleven chapters and taken together these 
would form an ideal basis for an undergraduate course in 
plant ecology ... The book is a ‘mus? for all ecologists 
and for those interested in the productivity and land use of 
our upland areas”. The New Phytologist. 

December 1976 286pages (Hb £4.95) 

Science Paperback £3.50 


secondary Metabolism 
In Plants and Animals 


M. LUCKNER 

Dr. Luckner’s book provides a unified treatment of the 
correlation between primary and secondary metabolism. _ 
This volume will have an intrinsic importance to groups of 
scientists working in a considerable variety of disciplines: 
chemistry, botany, pharmaceutical studies, bio- 
chemistry, agriculture and medicine. 

10th March 1977 424 pages (Hb £8.00) 

Science Paperback £5.00 
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Feel for > ` 
biological rhythms 


An Introduction to Biological Rhythms. 
By J D Palmer With contributions 
by F A Brown, Jrand L N Edmunds, 


Nature Val 266 


Jr Pp. xvi+373 (Academic. New 
York and -Londop, August 1976.) 
$19 50. £11 90. 


+ -> 


THE author describes this as an Intro- 
ductory book, pitched at a . level 
between popular ‘books and -technical 
treatises, thesé two stools are difficult 
to bridge The enquiring student, to 
whom it ıs in part addressed, ‘might 
find it difficult to’ evaluate*for himself 
the evidence for many of the statements 
made, each chapter ends with: some 
recommended further. reading, but the 
text does not direct the reader specific- 
ally to the appropriate sources for the 
different assertions: This would indeed 
hardly “be possible in a book with so 
wide a compass in such modest size. 

Apart. from. general descriptions of 
the nature and ‘properties of biological! 
rhythms, circadian, lunar and annual, 
the author describes in more detail 
rhythms in unicellular and multicellular 
plants and animals, and the use. of 
circadian clocks in animal, particularly 
in bird navigation, as well as some. of 
the implications for man The popular 
appeal is contributed in part by anec- 
dotes of the background of some experi- 
mental investigations. but also by such 
journalistic epithets as “flamboyant” 
experiments and the “callous” decapita- 
tion of*cockroaches There is a similarly 
journalistic passage about.the motiva- 
tion behind human «subjects for 
experiments, which in-ng@ way ennan 
the scientific. value. 

Little over half the book rer 
however, by; the author himself. It 
ends with two extended chapters, by 
F A Brown and by L N ‘Edmunds, 
discussing the two rival theories that 
biological ‘rhythms depend essentially 
on subtle geophysical -rhythms, 
or.‘that they are due to an internal 
timing + mechanism.. Dr Brown’s 
constant advocacy of -the former 
hypothesis 1s familar enough, but his 
chapter 1s the least readable in the 
book A little of it 16 simply- polemical, 
but.the greater part consists of closely 
reasoned arguments demanding from 
the reader a highly critical attention 
More than one interpretation can be 
put ‘on many of the expernments 
described, but it 1s convincingly shown 
that a wide range of organisms can 
respond to g variety: of quite small 
geophysical’ influences whose detection 
was hitherto’ totally unfamiliar to 
animal physiologists . 

Dr Edmunds ‘in the concluding 
chapter avoids a polemical adherence 
to the endogenous theory but considers 
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various possibilities of its mode of 
operation. Simple and convincing evi- 
dence is given that. at least in some 
insects. the rhythmicity 1s controlled by 
a part of the central nervous system 
operating by the release “of a chemical 
substance. and. that in mammals and 
birds the suprachiasmatic nucleus, 
operating by*way of the pineal, plays a 
dominant or at least an important role. 
With regard to the fundamental ques- 
tion of the ‘underlying circadian escape- 
ment, which has been shown to be 
present even in single enucleated cells, 
the three major theories are outlined . 
theories depending on a. biochemical 
feedback loop. on transcription along 


95 


a DNA template, and’on ions'and ion 
transport in’ membranes With the 


g advantage ‘of a limited field to cover, 
e thishapter is perhaps the most success- 


ful in introducing biologists from out- 
side this field to the major lines of 


‘thought. although in other respects, by 


virtue of the very broad coverage of 
different periodicities an such a wide 
rapge of organisms, the earlier chapters 
should be very helpful’ for those who 
want, as the author Puts it, to get a 
“feel” for the subject J. N. Mills 


J N Mills ts Brackenbury Profesor of 
Physiology at the ‘University. of Man- 
chester, UK- 





Animal’ response 
to environmental- 
parameters 


Comparative Physiology of Animals: 
An. Environmental Approach 
Richard W Hill. Pp xu+ 656: (Harper 
and Row New York and London. 
1976.) £9 90. 


ri 


Ai LER years with no suitable text for 
an undergraduate course in animal 
physiology, we are now confronted 
with a succession of such texts and the 
problem df choice This latest offering. 
by Richard W. Hill, 1s a very readable 
book -intended for students beginning 
their study of, the subject. Hill places 
his emphasis on the animal ın its 
natural environment and on the phy- . 
siological responses to the varous 
environmental parameters rather than 
on the fundamental mechanisms under- 
lying these responses The physiological 
principles and relationships are pre- 
sented accurately but primarily in non- 
quantitative and descriptive terms. and 
the book should appeal to readers who 
favour this approach 

The scope is., ambitious since it 
embraces all animal groups aside from 
protozoans and metazoan parasites 
The chapter by chapter organisation is 
based on physiological functions or 
enyironmental factors. The opening 
two chapters. on organisms in the 
environment and, on_ energy, meta- 
bolism set the stage nicely for the 
following chapters on thermal rela- 
tions, salt and .water exchange, excre- 
tion, gas exchange and circulation The 
book concludes -with a.series.of m- 
tegrative chapters on oxygen defi- 
ciency, high altitude. diving, exercise 
and rhythmicity These final. chapters 
are particularly successful in tying to- 
gether the earlier material while rein- 
forcing. the environmental theme of 
the book The coverage of the vanous 
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topics 1s comprehensive although oca- 
sionally somewhat repetitive (for 
example, the section of salt and water 
exchange). But students wall appreciate 
‘the careful exposition of the concepts 
and the extensive use of appropriate 
experimental data illustrating the con- 


By ecepts The more inquisitive students, 


however, may be, frustrated by the fact 
that practically none of these experi- 
ment§ are referenced and most are not 
identified with the names of the 4n- - 
vestigators involved, Potential sub- 
scribers are therefore forewarned to 
put their own knowledge of the 
literature in order before assigning this 
text to their students. Some readers 
may alsq be troubled by the absence of 
‘any detailed discussion -of the” neural 
eand endocrine systems, and the con- 
‘sequent patchy and superficial treat- 
‚ment of the role these systems play in 
the physiological response to'the envi- 
„ronment In spite of these ‘omissions, I 
Found the. overall organisation and 
content of the book to be quite 
coherent. It ıs an excellent text par- 
ticularly suited for courses attempting 
to bridge the gap between physiology 
and ecology e 

This- book 1s nôt Sanon value for 
more advanced readers as well Hiill’s 
emphasis on the animal’s response to 
"ts natural’ situation should remind 
those of us who study “non-laboratory’ 
animals in the laboratory to design our 
experiments carefully with the objec- 
tive being to learn how these animals 
function in their natural milieu Con- 
versely, we must learn all we can of 
‘our p&rticular- animal’s normal, milieu 
in order to design useful experiments 
These are also important Iéssons for 
students just beginning their studies in 
the field. and this book should serve 
that ‘purpose well. while at the same 
atime providing a sound introduction to. 
‘animal: physiology Donald C. Jackson 


a aIo 


Donald Jackson, 1s Associate Professor of 
Medial Science at” Brown ‘University 
Providence, Rhode. Island. i 
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Books for courses and 
background reading 


DINOSAURS 
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“who writes well. 


processing 


Memory and Attention: An Intro- 
duction to Human Information Process- 
ing. (Series in Psycholdgy.) Second 
edition. By D. A. Norman. Pp. xili+ 
262 (Wiley: London and New York, 
1976.) Clothbound £8.45, $15.45; paper- 
back £3.95; $7.20. 


DONALD NORMAN’S set of seminars on 
Memory and Attention have been 
useful to university teachers since they 
were first published in 1969. It is a 
pleasure to have a second edition, so 
adapted and axtended that i ıs now 
virtually a new book. It is arguably 
also a different kind of book, since it is 
now probably the best and most cheer- 
ful introductory text one could recom- 
mend to a layman who wishes to 
understand how work on _ artificial 
intelligence and information processing 
is currently applied to psychological 
problems. 

Among a large, mostly very recent, 
literature this book has distinctive 
virtues. First it is by a single author, 
Second, it is short. 
Most importantly it is a good natured 
book, which seeks to be edlectic in 
appreciating the values of a wide range 
of different approaches. It retains 
enthusiasm without losing balance. It 
is a book to teach with, although 
possibly not a book to teach fgom. 

Norman hopes that “the study of 
hfiman information processing is be- 
coming the study of the human” but 
aptly warns that “one must always be 
wary of comparisons of human psy- 
chology with any man-made device, 
most especially with computers. The 
human mind is not a computer, and 
the differences between the two far 
outweigh the similarities’. Norman is 
also rare among workers in Artificial 
Intelligence in having a scholarly 
interest in the history of psychological 
problems. To quote one of his favourite 
authors, William James, he also has an 
appetite for the “more nutritious 
objects of attention” in psychologye 

He is willing to accept the kinds of 
questions which students bring to 
psychology from their discursive read- 
ing, and while pointing out that some 
of them are unprofitable, is willing to 
discuss them seriously and in an 
illuminating way. Thus we find com- 
ment (and very useful references) on 
the topics of mystical experiences 
(Carlos Castenada ef al), hemisphere 
differences (Ornstein eż al.), mnemonic 
systems (an entire very useful chapter 
and excellent bibliography), pathologies 
of attention and of cognitive processes, 
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and even the art of juggling. To some 
extent these are embroidery on a 
serious text, and they do not occupy 
much space. But they are not mere 
decoration. They provoke useful com- 
mentary, and show a recognition that 
the enthusiasms which bring students 
to psychology need not be stifled, but 
can mature.into more usefully directed 
intellectual curiosity. 

It is easy to dismiss such topics as 
irrelevant fo current empirical work, 
and to depress students by insisting that 
psychology has nothing to do with the 
study of human experience and is con- 
cerned instead with the description of 
“performance” or “behaviour”. 
Norman’s ‘caveat for psychologists 
should be taken seriously by all 
students, and properly understood is an 
antidote to the depression felt by re- 
search workers who may feel that they 
are wasting time on the precise 
definition of trivial problems. He points 
out that human beings have been the 
object of their own attention for a very 
long time, and that perhaps “We can- 
not discover anything surprising ... It 
would be peculiar if our careful study 
of thought processes led to results 
which are at odds with our intuition”. 
But he further points out that the 
bridging of a gap between a nebulous 
appreciation of generalities and the 
precision of predictive mathematical 
theory is an exciting, and ultimately a 
satisfying, occupation for a scientist. 

The work follows the format of the 
first edition in presenting related read- 
ings with commentary and further 
development. The chapter on attention 
is now extended by a discussion of 
recent work by Kahneman and Moray, 
with useful remarks on the problems 
in terms of Bobrow and Norman’s 
own distinction between ‘‘data-limited”’ 
and “resource-linited” processing. The 
previous section on short-term mem- 
ory has been extended to cover the 
Craik~Lockhead idea of levels of pro- 
cessing. There are excellent chapters 
on ` pattern recognition programs 
sensibly restricted to detailed analysis 
of the problems encountered with a 
single new system (Reddy and Newell’s 
Speech Understanding system). A sec- 
tion on semantic networks forms part 
of an excellent chapter on representa- 
tional systems. There is a good intro- 
duction to imagery, in the same vein. 

The book is research oriented rather 
than didactic, and ends as it should 
with a set of problems outstanding 
(Unfinished Business). Not the least of 
its values to students and to lecturers 
is the care with which really compre- 
hensive bibliographies are assembled 
and annotated. Patrick Rabbit 
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Patrick Rabbit is Lecturer in Psychology 
at the University of Oxford, UK. 
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are made 

of this 


The Psychology of Memory. (Basic 
Topics In Cognition Series) By Alan 
Baddeley Pp. xvii+ 430. (Harper and 
Row: London and New York, 1976.) 
Hardback £10.45; paperba@k £5.45. 


AT LAST, a textbook on memory which 
one can recommend on its own, with- 
out three or four other volumes. The 
topic 1s a big one, ranging from the 
strange phenomena of clinical repres- 
sion or ‘photographic memory’ at one 
end, to the effects of disrupting pro- 
tein synthesis at the other. In the 
middie, there are groups of experi- 
menters measuring the accuracy of 
memory in prescribed conditions, who 
are steadily building up the rules by 
which the system functions, whatever 
its physiological base. Even thee 
groups are subdivided, some looking at 
associations between single items; some 
at memory for sentences and proposi- 
tions, some at the similarities and 
differences of long-term and short-term 
retention; some at the importance of 
the particular form in which an event 
is encoded (roughly, perceived) at the 
time it occurred; and so on. 


The difficulty 1s that each of these 
areaseis still relatively unconnected 
with the others. All of them are 
advancing rapidly, it is hard enough 
to form a clear picture of the sense 
emerging from the mass of experiments 
in one field, without venturing into the 
others Most books therefore concen- 
trate on one sector, often doing it well 
Yet the problem for the student or non- 
psychologist is that the picture he gets 
from such a book is one-sided. Even 
the slighter and more introductory 
texts often confine themselves to one 
approach, but merely replace detailed 
evidence by bald assertion. It is not 
surprising that even professional psy- 
chologists are sometimes unable to see 
the wood of progress for the trees of 
particular experiments, 


Dr Baddeley’s book, however, is 
different. It ıs not merely that his index 
mentions Freud as well as Ebbinghaus, 
Bartlett as well as Chomsky, acetyl- 
choline as well as mnemonics. He could 
scarcely cover them all exhaustively; 
but the novel feature is that each field 
is mentioned appreciatively His own 
most familiar area is perhaps éhat of 
long-term as against sbort-term 
memory, but he is sympathetic to all, 
and though the amount of space he 
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gives to each may get less as it becomes 
more remote from his own specialised 
expertise, the reader is left aware of 
every approach. Furthermore, the writ-, 
ing is beautifully lucid, and yet each 
point is based always on a well-selected 
experiment rather than generalities He 
is also accurate, whicH cannot be taken 
for granted. 


Such a book should appeal to any- 
body whoeis prepared to read nearly 
four hundred pages on memory; despite 
the clear and attractive style, it is all 
information rather than exhortation. 
Readers will therefore need to come to 
the book already convinced the subject 
is ymportant. If, for example, they are 
doing an honours degree in psychology, 
or worried by the memory failures they 
meet in neurological practice, they 
cannot do better than ptck on this book 
as their main source of information. 


As favourable a review as this one 
is, some criticisms are sti@ necessary as 
a guarantee of a proper standard. First, 
the sequence of topics is rather arbi- 
trary, and one feels the chapters could 
be read in almost any order. This seems 
to stem from boredom with the con- 
ventional approach of starting with the 
arrival of a stimulus at the senses, and 
following it through. Perhaps this con- 
vention has some merit in the absence 
of any other organising principle 


Next, tHe distinction of short-term 
and long-term memory 1s surprisingly 
cavalier, and relies heavily on the very 
rapid forgetting of recent as opposed 
to more remote events But this 
phenomenon, as has often been said, 
does not justify such a distinction. Dr 
Baddeley is now used to distinguishing 
far more than two kinds of memory, 
but some students will still be 
struggling with their tendency to 
parsimony, and could do with a 
clearer presentation of the reasons for 
abandoning a single homogeneous 
memory store 


Finally, the excellence of the book 
for teaching means that Dr Baddeley’s 
own ideas have not been let loose. We 
could do with expansion of his brief 
suggestions about a modified inter- 
ference theory, or about the role of 
talking to oneself for working 
memory during mental arithmetic. Per- 
haps a specialist monograph might 
follow? Yet this survey 1s itself a con- 
tribution to the subject since it reminds 
us all that research in this field has 
come a long way in twenty years. 


Donald E. Broadbent 


Donald Broadbent was Director of MRC 
Applied Psychology Unit from 1958-74, 
and is now on the MRC External Staff at 
the Department of Experimental Psy- 
chology, University of Oxford, UK, 
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Now available, 
tHoroughly rewritten 


' and up-dated: 


INORGANIC 
CHEMISTRY 


A Guide 
to Advanced Study 


A completely revised successor 
to Heslop/Robinson, 
Inorganic CHemistry 


by R. B HESLOP, Senior Lecturer in 
Chemistry and K JONES, Lecturer an 
Chemistry, The University of Manchester 
institute of Science and Technology 


+ 

The original inorganic Chemistry, by 
Heslop/Robinson, achieved long- 
standing, worldwide popularity as a 
text-book of moderate size covering 
courses to degree level The present 
work will undoubtedly repeat thf&t 
success. A full survey of the chemistry 
of the elements is presented by treat- 
ment of the groups in the Periodjc 
Table. 


è 

Important new features include: extra 
attention to the physical methods used 
for the determination of structure and 
the understanding of chemical bonding; 
Introduction of ideas on molecular and 
orbitab symmetry which are utilized 
throughout the text; the exclusive use 
of SI units; practical examples and 
useful exercises with answers. 


A concise, readable and clearly- 
organised text for students, it will also 
serve as an up-to-date reference book 
for teachers. 


COMMENTS 


"Strikes a good balance between theory 

and descriptive chemistry Descriptive 

chemistry 1s veryewell organized ” 
Robert H Lane, Univ of Georgia 


“I hike it, especially the early chapters 


+ and the extensive use of redox diagrams 


summarizing much information quickly 
and readably ” 
Donald H. Williams, Hope College, 
Holland, Mich 


1976 vill + 830 pages. 
£9.95 / US $17.95 / Dfi. 49.00 
ISBN 0-444-41426-6 x 
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Substance of ` 
demography, 





A GROWING interest in our species is 
reflected in the recent appearance of 
several general textbooks on demography. 
Population: Analysis and Models by 
L. Henry (Arnold: London, hardba@k 
£9.95; paperback £4.95) adds a valu- 
able member to the company and 
demonstrates the continuing strength agd 
vitality of the French contribution to 
thése StudieS. Although in agreement with 
the translators that no demographer can 
be without a reading knowledge of 
French, they are to be tongratulated on 
providing an excellent translation for 
those whose command of the language is 
imperfect. This is nevertheless an 
imposingly technical text, with con- 
siderable mathematics, although for the 
less numerate progress 1s eased by the 
usually clear and adequately explained 
steps. The text introduces a useful and 
interesting graphical tool, the Lexis 


R . + 
diagram; elsewhere, however, more might 


have been explained by graphical presenta- 
tion: the treatment, for example, 
of ,age-sex pyramids seems to be 
unnecessarily brief, 

M. Henry's #@pproach follows in 
general the now common ‘longitudinal’ 
study (developed by American and 
British demographers), the examination 
of data based on generations rather than 
the more limiting and older ‘cross- 
sectional’ method using only data from 
periods of a few years. The longitudinal ° 
approach is useful in enabling the link 
between population structure and move- 
ment to be clearly developed, and is well 
suited to the sociological emphasis of 
demography in the English-speaking 
world. 

The description of the book on the 
jacket stresses that it covers the con- 
ventional substance of demography- 
source materials, methods of description, 
nuptiality, fertility, family formation and 
mortality (note the order!)}—but also 
emphasises the author’s attention to 
migration and its effective integration 
with population structure. Amid all these 
goodies, however, one dish seems in- 
adequately prepared. There seems to be a 
general weakness among demographers 
that they give little depth to the spatial 





@ Growing Points in Ethology (Cam- 
bridge University: Cambridge), by 
P. P. G. Bateson and R. A. Hinde, has 
also been published in paperback, price 
£5.50. (For review, see Nature 265, 385, 
1977.) 


@® in 









the review of Environmental 


15476), 
price was incorrectly quoted This should 
read . $15.95; £11.30. 
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elements of population*~on p 13, under 
“Analysis of the Results”, two meagre 


\ paragraphs on geographical distribution 


are so trite that they would have been 
better omitted. But even later in the text, 
especially when dealing with migration, 
the spatial elemept of which ts so pro- 
nounced, there are statements over which 
geographers would readily take issue 
with the author. Regional variation in 
dynamic patterns seems to go inadequately 
recognised. i 

Part II, the final but lesser half of the 
book, is an introduction to demographic 
models and, perhaps importantly, a 
statement as to why models are of value 
and why they should be considered by 
demographers. Much of this section is 
centred round Lotka’s theory. 

The French version of the UN multi- 
lingual demogrgphic dictionary, adds a 
final phrase to the definition of demo- 
graphy that it is a study “from the 
quantitative point of view’”—M. Henry 
has made justethis point. 

Methods and Materials of Demo- 
graphy by Shryock er al. (Academic : 
New York and London, $16.50; £9.55) 
is a condensed version of a two- 
volume work of the same title onginally 
published by the US Bureau of the 
Census in 1971 with subsequent later 
editions. It ıs now designed primarily 
as a textbook for courses on various 
aspects of demography, but it is 
equally useful to professional *workers 
with occasion to understand or use 
demographic data for analytic studies 

The author of the abridgement claims 
to have presented the methodological 
material in the simplest mathematical 
form in order to make the text as use- 
fuf as possible, a claim which even 
cursory examination of the text sup- 
ports. For the most part a- modest 
understanding of algebra and statistics 
will suffice to carry the user through 
the relevant sections. 

Although originally a publication of 
the US Bureau of the Census, the 
illustrations and coverage are not solely 
restricted to American examples, but 
considerable weight is given to the 
problems of demographic assessment in 
the less developed countries. The 
author does, however, stress that the 
methods and measurements worked 
out for the USA are to a considersble 
degree ‘“‘culture free” and may serve 
as well for any other country. In this 
condensation a necessary choice of in- 
clusions and omissions had to be made, 
but a balance between formal demo- 
graphy and social and economic demo- 
graphy was sought. In this search, the 
author has been reasonably success- 
ful, 

In general the step-by-step illustra- 
tions of examples are based on actual 
figures, although necessarily hypo- 
thetical statistics have had to be used in 
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some instances. Where official $tatistics 
have been used they have mainly been 
taken in their form as published, apart 
from a few instances of simplification. 
In this condensation, less emphasis has 
been put on historical development, the 
recommendations of international 
organisations and the practices of 
national statistical agencies, whereas 
the more technical and mathematical 
aspects of demographic analysis have 
been reduced in emphasis. 

The book 1s, however, not without 
its weaknesses. Certainly chapter 5— 
Population distribution Geographic 
areas—leaves many gaps, especially in 
the discussion of the important aspect 
of mapping ‘distribution. The range of 
techniques examined is quite inade- 
quate, and unfortunately some of the 
less impressive and informative 
methods are chosen for black-and- 
white line diagrams. 

Nevertheless this is a fact-packed 
text invaluable to the do-it-yourself 
census maker, and brings together much 
material otherwise diffusely scattered. 
For any serious course on the principles 
af demography it should prove a 
useful if expensive textbook. 

R. E. H. Mellor 


R. E. H. Mellor is Professor of Geography 
at the University of Aberdeen, UK. 
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A field guide and reference tool with 
drawings, maps, photographs. Rrehis- 
toric mammals, by R. J. G Savage 
Roman mammals, by Lady Brogan £4.00 
MATHEMATICS OF THE 

UNIVERSE ° 


Philip Francis 

Challenging new concepts In the fields of 
infinity® and relgtvity. Fully illustrated 
£4.95 

THE CAMBRIDGESHIRE 

COPROLITE MINING RUSH 
Richard Grove 

The county's only major industry, which 
flared up and died down in a few decades 
at the end of the 19th century Fully 
illustrated. £1.20 

CLAY TOBACCO PIPES OF 
CAMBRIDGESHIRE 

Robert Flood 

As most pipes can now be dated, with Mr 
Flood’s detailed makers’ lists, within 30 
years, his book is a vital contribution to 


post-mediaeval archaeology. Fully Illus- 
trated. £1.20 aa í 


announcing 

A DICTIONARY OF 

COMMON FALLACIES 

Philip Ward : 

Scientific, medical, mathematical, linguis- 
tic, historical and popular fallacles that 
have plagued the course of progress in 


knowledge About December. About 
£4.95* 
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Comprehensive 
geomorphology 


Analysis of Landforms by C R. Twi- 
dale (Wiley Australasia : Sydney, New 
York, London and Toronto, £13.50; 
$27) 1s intended for use as a text at 
advanced school devel and for those 
taking degree courses in eography, 
geology, Earth sciences and environ- 
mental sciences. It sets out to provide 
a general text with an emphasis on 
Australia but with an adequate cover- 
age of world examples. . 

The method of presentation leans 
heavily on photographs and diagrams 
and the book is lavishly illustrated. Yet 
its size 1s such that the written discus- 
sion is ample, as well as being of high 
quality and backed by discreet quanti- 
fication. To keep the volume within 
manageable length, the nature and 
methods of close analysis are illustrated 
from a relatively few selected land- 
forms, such as flared slopes, but here 
again the spacious text allows the 
general field to be covered in consider- 
able detail. 

The voluce opens with a discussion 
of the scope, problems and methods of 
landform analysis and reveals a pre- 
ference for multiple working hypoth- 
eses. The second part deals with 
structural geomorphology, including 
pseudo-structural forms; the third with 
geomorphological processes and cli- 
matic geomorphology; and the fourth 
with changes in time or historical geo- 
morphology. The concluding part sum- 
marises the’ number and, variability of 
factors involved in landform creation. 

So it ıs better to travel hopefully than 
to arrive, but the student with this 
attractive companion *will enjoy and 
benefit from the journey, especially as 
its ample text is strengthened by plenty 
of references and an enlightening 
geological appendix. The cost may 
seem high to those who have not seen 
the volume, but in fact its lavish visual 
aids and large-format pages make it 
good value The printing—carried out 
in Singapore—is handsome and effec- 
itive and adverse criticism must be 
minimal. It is misleading, however, to 
use Mercator’s cylindrical projection 
for global distributions such as plate 
tectonics. This graticule has no uses 
whatsoever except for finding compass 
directions between localities, and 
students will never truly understand 


global distributions and movements 
until they see them on equal area pro- 
jections. 

Another recent book, Géomor- 


phology from the Earth (Hamper and 
Row: New York and London, £14.20), 
is a compact synthesis of geomor- 
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phology and stems from Chicago, an 
early citadel of landform studies. Its 
author is well known for his illumin- 
ating writings on the 
environment and its significance 
for Earth sciences ranging in diversity 
from archaeology to biology. He 
assumes—quite rightly—-that an under- 
standing of *the surface forms and 
textures of our planet Is a necessary 
ingredient of a liberal education, that 
landforms and the processes that create 
them are fascinating to scientists and 
curious people everywhere; and that 
persons of all ages and educational 
backgrounds gain from geomorphology 
a new appreciation of other environ- 
mental sciences I have known students 
with souls so dead as to exclude em- 
pathy, males more curious about 
velocity than evolcanicity, and females 
more interested in finery than feldspars, 
but have no intention of being an 
ancient mariner at a geomorphological 
feast for this is attractive fare laid out 
in an enticing way. 

Professor Butzer keeps his aim of 
a general introductory text clearly in 
view and includes the essentials, criti- 
cal interactions and brief overall per- 
spectives New ‘findings and modern 
developments are incorporated through- 
out with a judicious use of mathemati- 


cal expressions and, for readers who’ 


want more specialised aspects, with 
ample imternational sources in hsts of 
references. The contents cover a broad 
field and, being confined to a moderate 
length, vary in intimacy of detail, the 
tendency being to elaborate most on 
forms and processes of greatest human 
Significance. Commendably, ‘space is 
found for a historical summary of 
modern concepts, before dealing with 
the lithosphere, weathering, soils and 
the sculpture of hillslopes There follow 
discussions on topics such as fluvial 
dynamics and erosion, the work of 
glaciers and of waves and the mpor- 
tance of crustal movements. Separate 
chapters are devoted to periglacial 
landforms and to the characteristic 
landscape assemblages of mid-latitudes, 
deserts and tropical regions. 

The high quality of the explanations, 
diagrams and photographs and the 
emphasis on the essential rather than 
thes exotic will be admired by geomor- 
phologists. Perhaps general readers 
may not appreciate the wisdom in the 
compilation but they will realise that 
geomorphology 1s a fascinating science 
and of great human significance The 
text, in spite of its price, will also 
be valued as a stimulating revision for 
students already acquainted with the 
subject. Robert P. Beckinsale 





Robert Beckinsale 1s an Emeritus Lever- 

hulme Fellow and a Special Supernumerary 

Fellow of Univergity College, Oxford, UK. 
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_ TEXTS 


BIOLOGY OF 
THE MAMMAL 


— Fourth Edition 


P. C. Clegg BSc, PhD, MB, ChB, 
and A. G. Clegg BSc, FI.Biol, 


660 pages £6.00 net 
Illustrated throughout 


ILLUSTRATED 
DICTIONARY OF 
BIOLOGY FOR FIRST 
EXAMINATIONS 

— Second Edition 


Mavis Swift and Malcolm 
Thompson 
192 pages £1.95 net 


HUMAN BIOLOGY 


— Second Edition 
C. J. Wallis MA(Cantab), 


464 pages £3.95 net 
illustrated throughout 


AN INTRODUCTION 


TO MEDICAL PHYSICS 
Edwin G. A. Aird MSc, 


408 pages £4.95 net 


For full details of these and many 
otherémportant titles please write 
for catalogue 


William Heinemann 
Medical Books Ltd 
23 Bedford Square, 
London WC1B 3HT 
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Perspectives on 


physical geology ON 


PHYSICAL GEOLOGY, defined by S. 
Judson et al. in Physical Geology 
(Prentice-Hall. Englewood Cliffs, New 
Jersey, $14.50) as a discipline which 
“addresses itself to the composition, 
classification and origin of eagth 
materials, and to the physical and 
chemical processes which go on at or 
beneath the earth’s surface”, covers a 
formidable range of material. At fhe 
smal? scale it deals with soil creep and 
at the other global tectonics. In addi- 
tion it seems that under its umbrella 
one must attempt to cope with the 
study of resources, with environment, 
and with the characteristics of other 
plenets. 

It would be remarkable, given the 
scope that this offers, if three books on 
physical geofogy were to cover the 
same material in broadly the same way. 
Three recently published volumes how- 
ever, are remarkable in just such a 
way. They have plainly been aimed at 
the same market (majors and non- 
Majors in a one-semester or one-term 
course at the American college level), 
they have broadly similar format 
(multi-colour prmting, many illustra- 
tions, good type); they all attempt to 
cover similar ground, and they all make 
commendable efforts to be comprehen- 
sible and attractive. 

The differences between them are of 
a cosmetic rather than a fundamental 


nature. J H. Zumberge and C. A Nel-° 


son in Elements of Physical Geology 
(Wiley. New York and London, £7.20; 
$14.40) offer the best colour illustra- 


tions of rock types and minerals 
together with an illustration of a 
seemingly topless Hawaiian surfer 


J E Sanders et al in Physical Geology 
(Harpers College, Harper and Row: 
London and New York, £10.45) offer 
flip drawings of Pangaea on the top 
corners of some 40 pages to “present 
the idea of drifting continents as 
vividly as possible’, together with 
extracts from other writers (which 
they term “field trips”). And Judson er 
al, both pose and answer questions for 
the student, but (presumably why 
on a page for page basis they are 
cheapest) they offer slightly less glitter. 

A second remarkable feature @f such 
books would be for them to range suc- 
cessfully .and adequately across the 
great range of material they seek to 
cover. Broadly speaking all of them do 
this, and broadly speaking their con- 
tent and their guides to further read- 
*ing are up-to-date They all seek to put 
across the rudiments of mineral 
characteristics, rook types, vglcanoes, 
weathering, Mass movement processes, 
rivers,, orogeny and plate tectonics 


è 
á Student books supplement 


Judson er al. use tHe plate tectonics 
concept as a framework for much of 
their discussion whereas it ıs less 


» prominent in Zumberge and Nelson 


and in Sanders et al. 

Inevitably there are inadequacies, 
omissions Or lack of awareness of 
recent work. Rates of geomorphic pro- 
cesses are consistently neglected; 
climatic changes are given scant atten- 
tion; coral reefs are accorded little 
prominence; Davis’s greaf cycle of 
erosion is relegated to the very briefest 
of mentions, and the nature of water 
movement in drainage basins (particu- 
larly throughflow and runoff genera- 
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tion) is hopelessly out-of-dat® in the 
way that it is treated. 

Overall thefe is not a great deal to 
choose between these three texts. They 
all offer clear, well-produced introduc- 
tions to their views of physical geology. 
Probably their main use in Britain will 
be as texts for sixth-formers, but most 
University undergraduates would find 
shorter texts covering specialised topics 
at a greater depth more useful. 
Andrew Goudie 


Andrew Goudie ts Lecturer in the School 
7 Geography at the University of Oxford, 
K. 





Structural geology 


An Outline of Structural Geology by 
B. R. Hobbs, W. D. Means and P. F. 
Wilhams (Wjley New York and Lon- 
don, $20; £10} is intended to replace 
Sherbon Hills’ Outlines (Prentice-Hall, 


e 1972) as a comprehensive text on struc- 


tural geology for undergraduates. The 
involvement of three authors, all well 
known and experienced research work- 
ers, is perhaps a comment on the rapid 
growth in the complexity and diversity 
sof the subject over recent years. Some 
years ago structural geologists were 
chided with scientific myopia, specifi- 
ally, for having ‘played’ with minutiae 
while others discovered plate tectonics. 
Fair comment or not, this reminds us 
that when subjects develop toward a 
labyrinth of narrow specialisations there 
is an urgent need for a survey of the 
whole field of activity. 

The plan of this book is not novel, 
indeed it has much the same lay-out as 
Sherbon Hills’ and its success depends 
on the quality of treatment of familiar 
topics. It starts with mechanical aspects 
and stress-strain theory, and progresses 
from minor structures (microfabrics) 
through folds, faults, foliation and 
lineation to major structures and, 
finally, plate tectonics. The ‘bridge’ 
from small to large is in parts of a 
useful, but rather brief, chapter on 
“structural associations”, that is thrust 
belts, block faulted regions, and so on. 
There is also an essential chapter on 
geometrical analysis and this topic,”in- 
cluding stereographic analysis, is con- 
tinued in an appendix. 

It is a pleasure to record that the 
authors’ surefooted approach, with its 
mingling of fact and comment, hardly 
ever lets them down. Fortunately, the 
authority which 1s evident in individual 
sections of the book is not spoilt by 
any overall lack of balance which is I 
suppose a danger when several authors 
are involved. Of course it is not per- 
fect. For this reader, the splendid 
section on microfabrics is not always 


e 


matched elsewhere in the book and it is 
surprising to find so little on fluid 
pressures, or on pressure solution, or 
on techniques for estimating strain, 
shortening and displacement in orogens. 
My impression is that the authors are 
happier on the minor structures than 
with major structural phenomena. 
Their chapter on plate tectonics, how- 
ever, is quite admirable. 

The ilustrations are vital in a book 
on structural geofogy and here there 
are many excellent diagrams and photo- 
graphs, and very few disappointments. 

The authors have designed their book 
for undergraduates. There are several 
potential rivals even if we exclude J. G. 
Ramsay’s classic advanced book (Fold- 
ing and Fracturing of Rocks, McGraw- 
Hill, 1967) and that by F. J. Turner 
and L. E. Weiss (Structural Analysis of 
Metamorphic Tectonites, McGraw-Hill, 
1963), which has never been suitable at 
this level. The most recent editions of 
the respected pooks by L. U. de Sitter 
(Structural Geology, McGraw-Hill, 
1964) and M. P. Billings (Structural 
Geology, Prentice-Hall, 1972) cannot 
be considered “as truly modern in 
approach. 

The books by E. W. Spencer (ntro- 
duction to the Structure of the Earth, 
McGraw-Hill, 1969) and P. C. Badgley 
(Structural and Tectonic Principles, 
Harper and Row, 1965) share some of 
the virtues of de Sitter’s book in that 
they include ‘potted’ accounts of classic 
regions for the study of deformed 
rocks and this must be an asset for the 
hard pressed undergraduate. But the 
present book must surely take pre- 
cedence over these because it goes 
further toward the goal of presenting 
structural geology, not only in modern 
terms but also as a coherent subject 
based on physicochemical laws T think 
the research worker will also benefit 
from this reliable and well produced 
book M. R. W. Johnson 


PERE: Se 
M. R W Johnson is Reader at the Grant 


Institute of Geology, University of Edin- 
burgh, UK. 
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Carter and the test of energy are) 


For the first time since the Arab oil embargo, the United 
States Government seems ready to consider adopting a 
comprehensive energy policy, one which involves efforts to 
curb the nation’s profligate consumption as well as attempts 
to step up domestic energy supplies. Such a policy is long 
overdue, but it will severely test the will andethe political 
skills of the new Carter Adminisjration to put it into 
practice, 

Although both Mr Nixon and Mr Ford paid a good deal 
of lip service to the need for energy conservation during 
their terms in office, their energy policies consisted essen- 
tially of throwing large sums of money into the supply side 
of the energy equation. Indeed, when Mr Nixon launched 
his infamous Project Independence, he even insisted on 
making absurd claims that American technology woyld free 
the United States from relying on imported oil toemeet its 
energy needs by 1980. The demand side of the equation was 
badly neglected, perhaps for understandable reasons. 

The United States has grown up with cheap power, with 
the ethic that bigger means better, and with the philosophy 
that the government has little right to meddle in the work- 
ings of the so-called free market. All that would have to be 
changed if a serious attempt is made to curtail energy 
demand. Mr Nixon, who was already under siege when the 
oil embargo struck, probably, lacked the political ability to 
pursue effective consérvation policies—in any case, he didn't 
make much of an effort. And Mr Ford suffered the handi- 
caps of being an unelected President who belonged to a 
different political party from the one which controlled the 
Congress and who had an abiding faith in the free 
market. 

President Carter may be different. His campaign rhetoric 
was peppered with promises to develop an energy policy, 
and he has repeatedly warned that it will require consider- 
able ‘sacrifice’ from the American people. He also comes 
to office riding a tide of goodwill and—perhaps most 
important—this year’s extraordinary winter has provided a 
more vivid argument for conservation than a thousand 
Presidential statements. If Carter doesn’t manage to put 
an energy policy into effect, it would be a serious indictment 
of his Administration’s political ability. 

So far, Carter’s efforts are promising. The first major in- 
l stalment of his energy policy came last week when he 
proposed legislation to consolidate most of the federal 
government's sprawling energy bureaucracies into one 
Cabinet-level department under the direction of James 
Schlesinger, former head of the Atomic Energy Commis- 
ion, the Central Intelligenca Agency and the Department 
of Defense. Though the proposed arrangement is eminently 
sensible, the bill would clump together agencies and pro- 
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e * 
grammes which are now handled by different Congressional- 
committees. Some jurisdictional disputes may therefore 
delay passage of the Bill, but approval is nevertheless anti- 
cipated. 

Once in place, the Department of Energy should be in a 
better position to plan both conservation and supply policies, 
That’s where thé second instalment of Carter’s energy 
policy comes in. He has promised to unveil a comprehensive 
energy plan on 20 Apri}, with particular emphasis on con- 
servation. A preview of at least some of the elements of, 
that policy was provided last month when Carter sent Con- 
gress a number of revisidns to the budget proposals which 
Mr Ford left behind. 

As far as research and development are concerned, 
Carter’s policy will concentrate on efforts likely to produce . 
results in the relatively near term. Thus, long term efforts 
such as the breeder reactor programme, nuclear fusion 
efforts, and the development of large -scale solar power 
plants, would be tut back and the’ money reprogrammed 
into energy conservation and into efforts to get already- ` 
developed technologies, such as solar heaters, into the 
market-place. The justification for such moves is that it will 
probably be more difficult to commercialise new energy 
technologies than to develop them, and government. incen-~ 
tives are required to feed the growth of, say, a solar energy 
industry. Those arguments are likely to find favour in 
Congress. ae 

As for curtailing energy usg, the Administration can 
pursue only a limited number of teshnological fixes, such. 
as forcing the automobile industry to make more efficient _ 
cars and encouraging the use of battery-driven vehicles. But — 
the most effective energy conservation measure would be 
to increase energy prices through the use of federal energy 
prices through the use of federal energy taxes. sa 

Such a mọve would, however, be very difficult to gèt 
through the Congress and it would also have to be couple 
with a system for returning the tax revenues back into th 
economy, preferably in a manner which would mitigate t 
burden on low income froups. It is estimated that eve 
cent of tax on a gallon of gasoline would raise about $1,000. 
million in revenue; a large tax could have a depressing. 
effect on the economy. One idea which is being floated is to 
return some of the tax revenues into energy-saving ` 
measures such as income tax credits for home insulation, | 
construction of mass transit systems and so on. In any | 
case, the Carter Administration has already begun to leak 
the fact that it is considering rajsing energy prices in order 
to prepare the American epublic for the inevitability of a - 
long overdue move away from the present artificially low 


prices of energy. ° . O 
d 
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Between thie devil and the deep blue sea 








Rober W. 





Cahn, Dean of the Soliool “ of Applied Sciences at the University 


of Sussex, offers thts comment on the prospect for fusion pow er 








IN the anguished debates on the future, 
if any, of nuclear fission power, various 
recognisable strands emerge among the 
opposition. Some pin their faith on tke 
improved technological exploitation of 
familiar fossil sources, principally coal; 
others would drive us headlong into the 
solar economy, often conceived ‘in 
tesmseof ‘small is beautiful’ and a rural 
life of log-cabin simplicity; yet others 
accept the need for high technology on 
a very large scale if the sun is to yield 
domestic warmth, electricity and liquid 
fuel on an adequate scale. 

All three groups, however, have one 
characteristic in common. When faced 
by hard statistical or technological 
criticisms, they declare that we need 
only keep going for a few decades and 
then the boundless energy “from sea- 
water’—that is, nuclear fusion—will 
become a reality and all our worries 
wil? be over. Although they do clearly 


recognise that the method is , not 
altogether simple, even the most 
resĝlute proclaimers of radioactive 


doom seem to hgve convinced *them- 
selves that fusion power will be gentle 
and on a homely scale, and that radio- 
active pollution will be a thing of the 
past when dirty fission gives way to 
clean fusion. Probably the fact that 
fusion takes place in the sun and that 
the sun is the emblem of cleanliness 
and of life itself, has something to do 
with this touching faith. We are all 
to some degree subject to the ad-man’s 
technique of fallacious association. 
There is no dearth of popularisations 
of this very difficult and complex topic, 
but they all concentrate on two aspects 
of fusion—how to confine the plasma, 
and how to heat it to ignition tempera- 
ture. Even within these® limits, they 
tend to concentrate On scientific prin- 
ciples and not on engineering realities, 
whereas the current critcism of nuclear 
fission concentrates on real and alleged 
engineering weaknesses. Nuclear fusion 
has progressed far enough now towards 
the design of a self-sustaining reactor 
to make it both possible and necessary 
to see the problems in realistic terms. 
The plasma _ confiners—which indeed 
have a ferociously difficult task—until 
recently have hogged all the attention, 
to the neglect of the problems of energy 
balance (achieving a positive net energy 
output), container strength and fatigue 
damage, lithium supply, reactor cooling, 
injection of gas into the plasma without 
quenching it, and especially the radia- 
tion damage inside the reactor itself. 
That this imbalance is now being 


a 


a 


repaired is primarily due to the effortse 


of the Energy Research and Develop- 


ment Administration (ERDA), which 
has complete control of fusion research 
in the United States. ERDA has pre- 
pared a detailed R&D plan extending 
to 1990, and in outline to fhe end of 
the century. ERDA’s achievement ts to 
have set out this programme without 
committing itself to any particular 
design of reactor, and yet to have 
identified the central problems which 
will have to be faced irrespective of the 
design. To do this, ERDA’s predecessor 
in 1967 invented the concept of the 
‘reference design’. This is an outline 
based on sciengifie princrples,,as pre- 
sently understood, set out in such a 
way as to identify, as quantitatively as 
possible, the whole range of engineering 
problems thatewill need to be mastered. 
Such a reference design is particularly 
illuminating when applied toe the 
doughnut-shaped Tokamak, which in 
purely scientific terms is today prob- 
ably the most hopeful contender among 
the rival approaches. 

On the basis of such a reference 
design, the problem of securing the 
deuterium (by electrolysis of water?) 
and tritium from a metre-thick breeding 
blanket of molten lithium surrounding 
the first wall of a doughnut-shaped 
plasma device, can be analysed, not 
least in terms of lithium availability; 
lithium is a scarce element. One day it 
will also be necessary to includg in the 
energy balance equation not only the 
energy cost of extracting tritium from 
irradiated lithium but also the elec- 
tricity costs of electrolysing water to 
extract deuterium, a calculation which 
never seems to be reported. 

Probably the most alarming engin- 


eering problem is that of radiation 
damage. In the much-criticised fission 
reactor, neutrons, gamma rays and 


fission particles remain inside the re- 
actor volume, and indeed the fission 
products remain inside the nuclear fuel 


Fusion technolog 
© 


+ 


Nature Pol. 266 10 March 1977 


itself. In a Tokamak, all the neutrons, 
moving with a kinetic energy of some 
14 MeV, beat upon the first wall: the 
scale of this bombardment dwarfs any- 
thing in a fission reactor. The wall can 
be sputtered away, especially by the 
novel hazard of ‘ehunky sputtering’ 
which involves the physical removal of 
thousands of atoms ag a time. 

A great deal of research is now in 
progress on this group of problems in 
the United States (some also in Britain), 
and considerable advances have been 
made in improving the radiation re- 
sistance of high-strength refractory 
alloys. But it is certainly an error to 
regard fusion reactors as generating 
little radioactivity: there will be a great 
deal of induced radioactivity, though 
not from fission products, and it will be 
just as crucial as in the case of a fission 
reactor to contain and seal off this 
radioactivity from the outer world. (It 
seems likely that this hazard will not be 
long-lived). Apart from this, there will 
be, just the same hazards of pinholes 
developing in inaccessible locations as 
have been found with prototype fission- 
breeder reactors, leading to deteriora- 
tion in cooling efficiency or vacuum 
quality. 

Fusion may prove to be a practical 
source of energy—the new issue is now 
as much in the hands of the engineers 


and metallurgists as of the plasma 
physicists. If it comes, it will be an 
immeasurable boon but it will also 


bring with it problems of pollution, 
energy imbalance during construction, 
resource depletion, sabotage and poten- 
tial stoppage such as we find with 
every other soufce of energy, including 
solar techniques such as the large-scale 
fermentation of timber to make liquid 
fuel. 7 6 

For Blake, energy was a mark of the 
divine. Milton knew better: Satan has 
energy too. Whether the external 
fames are fed by coal, oil, uranium or 
deuterium is a question which must 
tax the physical theologians of the 
future. Cj 
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Europe’s nuclear debate (1) 





Austria: a case study f 


Helmut Hirsch and Helga Nowotny assess 
Austria’s nuclear energy information campaign . 


NESS emergy has become a 
topic of interest in Austria much 
later than in other countries, so her 
politicians and scientists kave been able 
to study the development of the issue 
for some time. It has also come at a 
time of social stability, when even a 
small disturbance would not go un- 
noticed. This, and the manner in which 
the authorities controf and institu- 
tionalise conflicts, help to make Austria 
an interesting case-study. For unlike 
the experience of other western coun- 
tries, Austria’s nationwide nuclear 
debate was initiated by the government. 
It organised the Informationskampagne 
Kernenergie (nuclear energy informa- 
tion campaign), and from being a topic 
important only to a few environmen- 
talists and dwellers near proposed 
reactor sites, the subject became a 
national concern drawing more and 
more citizens into action groups. 

The first steps were taken in July 
1975. The Federal Chancellor’s Office 
was responsible for the organisation, 
and a committee of civil servants, 
chaired by the head of the Energy 
Section of the Ministry for Trade, 
Commerce and Industry, Dr W. Frank, 
took over the scientific preparation. 
Ane exhaustive catalogue of questions 
was compiled, divided into well-defined 
subtopics embracing economy, safety, 
environmental and ‘biomedical ques- 
tions. In accordance with frequent 
practice and to avoid suspicions of 
manipulation, the cooperation of nu- 
clear energy critica was sought, among 
them the Austrian Nobel-prize winner 
Professor Konrad Lorenz, and Doz. B. 
Létsch, the head of the Viennese 
Ludwig Boltzmann-Institute for En- 
vironmental Sciences. 

Each of the subtopics was to be dealt 
with by a group of experts, consisting 
of critics and promoters of nuclear 
energy in equal numbers (about three 
of each). This pro—con classification 
later proved to be an over-simplifica- 
tion: many scientists don’t fit into 
either category, many more belong 
clearly to one side but refuse to admit 
it. Preliminary discussions would clarify 
as many points as possible, while the 
open problems would be left for the 
public debates. Finally, a report was to 
be produced containing relevant infor- 
mation, answers to questions on which 
consensus was reached and gecommen- 
dations for further research. Although 
the organisers believed scientific con- 
troversies arose simply because there 
was not enough data (unless they con- 


cerned ah issue that wasn’t a real 
scientific problem), this later proved a 
rather naive conception as controver- 
sies also exist about which data can be 
regarded as relevant and about the 
appropriate framework for their inter- 
pretation. 


Emphasis on independence 

Strong emphasis was placed on the 
independence of the experts. People 
employed by electrical utilities, the 
nuclear industry, or q@oncerned with the 
licensing of nuclear power plants par- 
ticipated only in internal debates as 
consultants. Civil servants were also 
excluded as experts fom the various 
ministries because they would have to 
contribute in subsequent parliamentary 
debates. Thus, the government couRl 
remain non-committal, not being res- 
ponsible for what independent experts 
choose to say or write. For the same 


reason, politicians from the governing | 


Socialist Party participated little; their 
frequent absence from the debate Was 
often criticised. 

Prdmoters of nuclear energy felt that 
the campaign ” would emphasise the dis- 
agreement between experts and only 
increase public fear and suspicion. But 
most critics failed to appreciate the 
genujne attempt to avoid the errors 
made in other European countries. 
Hence the emphasis on sub-groups 
working on different topics—too often 
discussions had remained superficial 
and disorganised; and the attempt to 
balance the expert groups between pro 
and con—too often ‘information’ had 
proved to be only state-sponsored pro- 
paganda. 

The government took the final 
decision to initiate the campaign on 17 
February 1976. As there were ten sub- 
topics, ten moderators for the expert- 
groups, mostly university professors, 
were selected by Dr Frank. As every 
expert has a personal opinion or 

ea professional bias on the subject, it 
was impossible to choose strictly neutral 
moderators. Nuclear physicists and 
economists specialising in energy prob- 
lems tended to be pro-nuclear, whereas 
the rest were critical or at least suspi- 
cious. Most felt ill at ease in their 
positions. 

The internal debates, organised and 
conducted by the moderators, started in 
June 1976. No questions were excluded 
from the public debate because it was 
impossible to define clearly solved and 
unsolved problems. 

To prepage the public, the Federal 
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his office organised: 


Chancellor Kreisky: 
campaign 5 


Press Service issued a booklet providing 
basic information, Nuclear Enerey—A 
Problem of Our Time. Although con~ 
troversial issues were reserved for the 
subsequent debates,” disagreement 
among the authors (mainly the 
moderators) was considerable and 
many passages were tentative and non- 
committal. Nevertheless, both gritics 
and promoters of nuclear energy 
veiced negative and positive opinions: 
one group of critics requested tpat ail 
copies of the booklet be destroyed, 
while another wafted 2,000 copies for 
local distribution and complained about 
the small number printed (15,000). =: 

The experts and organisers, at least 
the pro-nuclear ones, imagined that the 
publit would listen eagerly and trust- 
ingly to the specialists’ lectures in spite 
of strong fears about nuclear energy. 
The majority of anti-nuclear experts 
saw the audience as a concerned popu- 
lation with legitimate claims. The 
possibility of changes in the concept 
of the campaign as a result of effective, 
well-organised public action was 
ignored by the organisers as impossible 
to incorporate within the chosen frame- 
work. This indicated little flexibility 
in the organisation and an unwilling- 
ness to accept active public partiel 
pation. 

The main features of public reaction 
to the campaign became evident during 
the first public discussion in Vienna 
on 14 October 1976. There was strong 
resentment at the idea of liste 
passively to a panel discussion 
only being allowed to submit f 
questions in written form, the pul € 
demanded open discussion and it soon 
became apparent that the rules would 
be impossible to enforce. Massive: 
trust was expressed in the camp 
there was some surprise in the. 
debate when it became apparent 
three of the panel experts were nuciea 
energy cfitics as opposed to- m 
propagandists. s 

Lack of consideration for, “the 
political viewpoint was anofher source 
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of provocation to the public: while 
general problèms concerning nuglear 
power were being discussed, Austria’s 
first plant was nearing completion. [he 
decision to build had beenetaken long 
ago and the construction proceeded 
throughout the campaign. Pressure was 
exerted to stop the a er going into 
operation and a resolution was passed 
to this end. Finally, the concept of 
having separate topics for each 
evening, in different towns, was criti- 
cised; although the theme of the first, 
general social and economic problem§, 
was swfficiantly broad, some of the 
subsequent ones were of little interest 
to the public which was anxious to 
discuss the more crucial issues. 

In spite of the criticisms expressed 
during the first debate, plans for the 
nexte discussion in Linz remained un- 
altered; it was to be even more strictly 
controlled from the platform. The 
reaction was ‘especially vehement, as 
the topic of the evening, energy policy, 
did not seem relevant to the people 
living near the proposed site of the 
second nuclear power plant. In addi- 
tion, no outspoken critic was among 
the panel. Consequently, with alnjost 
ainanimous consent, about fifty 
organised critics took over the panel 
and continued theemeeting with “their 
own chairman. 

To reduce dissatisfaction with the 
division into different topics, it was 
decided to reinforce the panels with 
‘consultants’, mainly experts èn the 
biological and medical fields, who 
could be called upon if necessary. The 
next four debates proceeded unevent- 
fully, even when two of the panels, 
dealing with economic problems, 
showed a strong pro-nuclear bias. The 
public discussions became less rigidly 
controlled and organisers and chair- 
men held preparatory talks with local 
opposition groups before each meeting, 
giving the latter the right to read 
longer statements or resolutions if they 
respected the rules of the debate. 

The precarious balance achieved by 
these conciliatory measures broke at 
the seventh debate, in Vienna, on 27 
January 1977. The hall could not seat 
all the people who arrived but after 
massive pressure short of violence, 
everyone was finally allowed in. The 
first panel statement, made in a pro- 
vokingly patronising way by a *pro- 
moter of nuclear energy, was halted 
by interruptions and a recognised critic 
among the panelists elected a new 
chairman. Thereafter, the discussion 
concentrated on how to stop the con- 
struction of Austria’s first nuclear 
power plant. 

The following two meetipgs, held in 
small provincial towns, were less domin- 
ated by the critics: these were 
coniparatively peaceful, although the 
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main criticisms were upheld. The final 
debate in Vienna, due on 24 March, 
will probably be controlled entirely by 
the opponents of nuclear power. 

Coverage of the campaign by the 
mass media has been poor, being 
limited to superficial accounts of the 
arguments presented by the experts or 
the more spectacular actions of the 
protesters. Opponents have developed 
the theory that the government 1s 
deliberately hindering publicity in 
order to avoid raising public concern. 
Although radio and television are not 
state-controlled, it is indeed debatable 
whether sufficient efforts have been 
made to ensure adequate coverage. 

At present, plans for the second 
phase of the campaign are in progress. 
Representatives of opposition groups, 
electrical utilities, the nuclear industry, 
as well as employers’ and employees’ 
organisations, will be invited to four 
symposia. These, to be held in May 
and June 1978, will be devoted to a 
discussion of the reports compiled by 
the ten expert groups. The reselts, 
*together with a summary provided by 
the government, will be submitted to 
parliament, to serve as background 
for a subsequent decision on nuclear 
energy, and then published. 

„From a preliminary evaluation, 
certain points emerge: 

@ The organisers exercised consider- 
able control, through their choice of 
experts, on the politicab credibility of 
the debate. But they had no influence 
over public reaction. 

® Considerable differences emerged 
between public and internal debates. 
While the latter usually took place in 
a friendly atmosphere in which dis- 
agreements were respected by col- 
leagues, opponents and proponents 
were extremely conscious of their 
respective roles in the public debates. 
@ The public was highly distrustful of 
expert panels set up by the authorities. 
There were accusations that experts 
were being paid by the nuclear lobby 
and that the government was staging 
a mere puppet show with political 
decisions having already been taken 
behind closed doors. 

© The public reaction manifested 
‘scientific populism’ and resentment of 
establishment science. Dissenting scier- 
tists quickly became celebrated as 
heroes. Although opposition groups 
sometimes displayed a moving willing- 
ness to delve into scientific details, any- 
thing outside their  pre-conceived 
notions was unacceptable to them. 
What they demanded was a ‘people’s 
science’——a body of knowledge control- 
lable by them. 

© Coverage by the mass media was 
mostly determined by factors unrelated 


e to the information campaign. It tended 
*to dismiss the protest movement as 
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Traditionally, a large percentage of 
Austria’s electgicity requirement has 
been met by hydropower. The growing 
energy demands of the country’s eco- 
nomy, however, finally led it to consider 
the nuclear option. In 1971 construction 
of the first nuclear power station began 
near Zwentendorf in Lower Austria. It 
is being built by the West Germany com- 
pany Kraftwerke „Union, although 
Austrian firms supply know-how and a 
considerable number of components. 
The company owning eit is half state- 
owned and kalf-owned by the utilities in 
the federal provinces. The station should 
be supplying electricity to the grid by 
March 1978. 

Public concern grew when talk began 

of a greater commitment to nuclear 
energy. The construction of a 1,300 MW 
plant was originally scheduled to begin 
in 1976; another was planned for the 
early 1980s. In the spring of 1975, groups 
of concerned citizens in Upper Austria 
—-near the proposed site of the second 
plant--collected over 60,000 signatures 
in a local petition against the plans. 
_ With nuclear energy a much debated 
issue in other countries and producing 
violent confrontations, with the recession 
(felt only slightly in Austria) reducing 
the need for greater electricity generat- 
ing capacity, and with an election 
planned for the autumn of 1975 creating 
additional pressure on the government, 
all decisions concerning future commit- 
ments to nuclear power were postponed. 
Work on the planning of the second and 
third plants was suspended; construction 
of only the first plant proceeded nor- 
mally. Later the government declared 
that the alternative to nuclear power 
would be increased use of (mainly im- 
ported) fossil fuels or imported electri- 
city. In February 1977, responding to 
questions submitted by the opposition in 
parliament, the government pointed out 
that this alternative was economically 
feasible, although parliament would ‘have 
to decide whether it was desirable. This 
decision is expected at the end of 1977. 
Of the three pdrties represented in the 
Austrian parlifment, the governing 
socialist Party is divided over the issue, 
but has a pro-nuclear bias, and the 
People’s Rarty is pro-nuclear but highly 
critical of the way the government 
handles the problem: the smallest, the 
Liberal Party, is decidely anti-nuclear. 

In the summer of 1976, the nuclear 
energy critics founded a nationwide 
federation outside existing parties in- 
corporating eight local groups in all but 
one of the federal provinces. The num- 
ber has since increased to at least twelve. 


















































extremist or based on irrational fears; 
opposition newspapers automatically 
wrote in a negative way about the cam- 
paign. Only in Vorarlberg, where the 
population had been made aware by 
opposition to a planned Swiss reactor 
close to the border, did the local move- 
ment receive strong press support. 

@ The authorities had not considered 
the political context sufficiently: the 
public was expected to ‘consist of 
‘neutral citizens’ only, to whom infor- 
mation would be offered as a public 
service. This neutral citizen, however, 
either doesn’t exist, or is not sufficiently 
interested to attend the meetings. O 
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Europe’s nuclear debate (2) 


Germany: growing acrimony: í 


Werner Gries looks at the controversy 
over the use of nuclear power in West eae | ° 


HE row in West Germany over the 

peaceful use of nuclear energy has 
grown increasingly fierce over the past 
few months. It reached its,latest climax 
on 19 February with the siege of the 
nuclear power station at Brokdorf, 
where scores of people were detained 
by the police after a clash with militant 
demonstrators who tried to occupy the 
power station site. A similar demonstra- 
tion last November, also at Brokdorf, 
was also violent. Meetings held all over 
the country to discuss the necessity for 
nuclear energy at all have produced 
clashes between supporters and oppo- 
nents of nuclear power. The press, radio 
and television have busied themselves 
conducting detailed investigation into 
the pros and cons of the issue. 

The result of all this activity, in sgme 
eyes at least, is little result at all” In 
spite of the wave of anti-nuclear 
demonstrations, a recent opinion poll 
indicates that a slight majority of the 
population is in favour of the construc- 
tion of nuclear power stations. In an 
all-party resolution last year, the 
Bundestag (parliament) declared itself 
unanimously in favour of the continued 
use of nuclear energy so that West 
Germany’s future energy supplies could 
be guaranteed; the Ministers President 
of the Lander (provinces of the 
federal republic) followed suit. Such 
agreement at government level, though, 
has not prevented varfous branches of 
the Social Democratic party calling for 
a halt to the building of nuclear 
stations; in some ecases fhey have 
organised joint demonstrations with 
local people to protest against new 
plants. All political parties are involved 
in the debate, and each has in its ranks 
both supporters and opponents of nu- 
clear power—-the governing coalition of 
Social Democrats and Free Democrats 
displays more disagreement than the 
opposition Christian Democrats and 
Christian Socialists. 


Federal complications 

Additional complications have sprung 
from the country’s federal framework. 
Individual Linder, for example, are 
responsible for authorising nuclear 
power stations in their own areas. 
Several local courts have granted in- 
junctions to stop the building of new 
plants because of protests by private 
citizens. In Schleswig-Holstein, a court 
ruled that work on the Brokdorf nu- 
clear power station could nof start until 
a way of disposing of the waste had 
been agreed on, and in mid-February a 
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further work on thè Müllheim-Karlich 
station near Coblenz because of tech- 
nical errors in the construction. The 
government of North Rhine-Westphalia 
has banned the building of all new 
power stations within its area until a 
method of waste disposal is agreed. 
Some sites have been brought to a 
standstill, others have experienced 
partial stoppages; at some sites it has 
not even been possible to begin the con- 
structign werk. >» 

One of the major obstacles to have 
arisen to the expanded use of nuclear 
power has focused on the reprocessing 
and storage of radiactive waste. 
Although the importance of the prob- 
lem, was recognised when West Ger- 
many first began using nuclear energy,® 
the necessary political measures to deal 
with it were not set in motion. What is 
more, after 1980 it may not be possible 
for West German fuel elements to be 
reprocessed in France or Great Britain. 
In both countries there is growifg 
opposition to the expansion of repro- 
cessing’ capacity, especially for foreign 
fuel. Germany's present contracts run 
out in 1979, 

Faced with this problem, the West 
German government has resolved tos 
authorise the building of new power 
stations only if the safe disposal of fuel 
elements can be guaranteed from? the 
start. It has plans for a entsorgunzen- 
trum (‘service centre’), which could re- 
process the fuel elements from all West 
German nuclear power plants and store 
the radioactive waste products in salt 
deposits for hundreds of years. The site 
chosen for the centre is Niedersachen, 
but a fierce argument has flared up 
locally which may have far reaching 
effects on the construction of nuclear 
power stations in other parts of West 
Germany. Yet unless the service centre 
can be established, the expansion of 
West Germany’s nuclear power capacity 
will be halted. Government leaders and 
the opposition therefore feel that they 
must jointly take steps to ensure that a 
centre is built. 


Overtaking Britain 

At the end of 1976, 13 nuclear stations 
were in operation in West Germany, 
with a total output of 6,500 MW. West 
Germany has overtaken Britain in 
terms of nuclear power capacity and is 
the leading user of nuclear energy in 
the EEC. A further 17 nuclear power 


stations are proposed, some of which e 


are already under construction, There 


$ 


3 TG TA 


Popperfoto 





109 


Sl were plans for 50 by 1985, with a total 
ee capacity of approximately 45,000 MW, 
because of the recent public protests 
the? <onstructien of some planned nu- 
clear feos stations has been postponed 





e 22, 000 MW. : 
The government believes that the = 
country faces an electricity shortage in 
the 1980s and in spite of the current 
difficulties, large scale research is going __ 
on to develop more advanged reactors. = 
Some DM2,000 million each year are — 
allocated for nuclear energy research, 
mainly for deyeloping a fast breeder 
and a high temperature reactor. For 
many years there has been bitter argu- 
ment over the necessity for thee fast 
breeder, and this has grown even more 
bitter during the past few months. It 
remains doubtful whether an accept- 
able site ean be found, and the special 
security problems make it more unlikely 
that the public will ever accept it. 
Compared to the internal difficulties, 
discussion of Germany’s role in ifiter- 
national trade in nuclear technology 
has been comparatively limited. Th « 
controversial deal with Brazil, providing _ 
eigh? nuclear powes stations, a repro- 





cessing plant and an enrichment plant — 


by 1990, was originally welcomed by all 
parties in the Bundestag, and the 
government and opposition still agree 
that ét is necessary. The Carter 
Administration is objecting to the re- - 
processing and*enrichment plants be- 
cause it fears they will provide Brazil 
with the raw materials for an atomic 
bomb, and has endeavoured to pressure 
Brazil too. With reports now of US 
hold-ups in supplies of enriched ura- . 
nium to West Germany, nothing is | 
certain, but the general public seems 
to accept that the West German- 
Brazilian treaty should be adhered to 
in its origfhal form. Their more im- 
mediate concern is with the domestic 
implications of a domestic programme. 
And that concern is likely to be fuelled 
still further in the future. ag 
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Preparing for 1979 


© A Special Correspondent reports on 
preparations for the United Nations 
Conference on Science and Technology 

+ 


THE appointment in January of Mr 
> Joao Frank da Costa of Brazil a¢ 
= Secgetagy-General of the United 

Nations Conference on Science and 

Technology, which is scheduled for 

1979, has enabled preparations to get 
_ under way. Sitting as the Preparatory 

Committee for the Conference, the 54- 

nation Committee on Science and 

Technology for Development gave a 
mixed reception to Mr da Costa’s 

views on the erganisation and timing 

of the conference preparations. He 

-secured agreement, however, on several 

vital points, the most important of 

which is perhaps that he should have as 
free “a hand as possible in the selection 

of the conference secretariat. . 
© « Kurt Waldheim, the UN Secretary- 

General, had stated that the post of 

Deputy Secretary-General of the Con- 

ference should be held by Dr Klaus- 

Heinrich Standke, the Director of the 

Office of Science and Technology in 

New York, and that his staff should 

form the core of the conference 

secretariat. From the first, Mr da 

Costa made it clear that he could not 

accept this arrangement, especially as 
- Dr Standke was expected to double up 
two responsible jobs from now until 

the conference. No deputy as such has 
been appointed; the Executive Secretary 
of the Conference, Mr Hans Einhaus, 
who has lately represented the Office of 

Science and Technology in Geneva, is 

holding this position in,an acting 

capacity. e 
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; David Spurgeon reports from Ottawa 
“on Canada’s interest in alternative 
energy sources 





T CANADA, a country once thought to 
_ possess fabulous natural gas and 
ae petroleum supplies, is now carefully 
assessing its renewable energy 
-resources. The government has recently 
: increased the funds available for 
research on tidal power, wind power, 
biomass tand solar energy. And the ° 








Da Costa was less successful in per- 
suading the committee of the practica- 
bility of some of his other ideas, such 
as the suggestion that each member 
state should produce three preparatory 
documents for the conference. If 
previous performance is anything to 
go by, many governments will have 
difficulty in producing a single really 
useful paper, as now requested, 
although the option to produce more 
remains open for those who can. 
Regional papers will also be prepared 
by the several UN Economic Commis- 
sions. With those from the other 
members of the LUN system and from 
major organisations outside the UN, 
these will make up a considerable 
amount of documentation. To offset 
this, the number of meetings, seminars 
and so on suggested for the preparatory 
period will be reduced; the suggession 
that the conference secretariat should 
be regionalised was also dropped. 

No precise agenda is expected until 
this time next year, but the general 
objectives of the conference are already 
well defined. They include: the adop- 
tion of concrete decisions on ways of 
applying science and technology, as a 
strategy aimed at economic and social 
development “within a “time frame”; 
strengthening the technological capacity 
of the developing countries; the 


*adoption of means for the utilisation of 


science and technology in solving the 
problems of development; and the 
provision of “instruments of coopera- 
tion” to developing countries, for 
solving socio-economic problems that 
cannot be solved by individual action. 

In general, it does seem as though 
the agenda will be action-oriented; one 
thing da Costa stressed was the need 
to avoid the “ritual complications” 


Support for alternatives 


whole subject was highlighted at %& 
recent meeting of the Parliamentary 
and Scientific Committee sponsored by 
SCITEC, the Association of the 
Scientific, Engineering and Techno- 
logical Community of Canada. It was 
the second meeting of the committee, 
which was formed to bring parlia- 
mentarians and scientists together, and 
in spite of scepticism that this could 
be done, both meetings were well 
attended. 

One of the most interesting energy 
potentials discussed was the Bay of 
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inherent in thé preparations for all 
such conferences—the ritual of pro- 
ducing documents and of setting-up 
institutions do not of themselves solve 
problems, but are only tools to that 
end. In general, the objective of the 
conference will be to assess and re- 
define the role that science and tech- 
nology has to play in development. 
Moreover, ag seen by da Costa the 
preparations themselves can help 
towards the definition of a unified 
policy for science and technology 
within the United Nations system. 

One other point on which da Costa 
did not get hi way was in the location 
of the conference secretariat. He had 
asked that it be set up in Geneva, but 
this was overruled, the majority of 
delegations preferring New York, 
where they can oversee, if not interfere 
in, the conference preparations. Many 
regard this as unfortunate, One of the 
reasons for the success of the En- 
vironment Conference in 1972 was the 
insigtence of Maurice Strong, as 
Secretary-General, that his head- 
quarters should be in Geneva, away 
from the UN bureaucracy. 

The New York siting could also pre- 
judice really close collaboration on the 
part of the other members of the 
system, although their involvement 
has been one of the avowed intentions 
of those who suggested the conference 
in the first place. Geneva is central to 
these  organisations—UNESCO in 
Paris, UNIDO and IAEA in Vienna, 
FAO in Rome and, in Geneva itself, 
WHO, WMO, UNCTAD and ILO. 
It is in these organisations that the 
bulk of international knowledge and 
experience in applying science and 
technology lies, and the possible 
economies of havifg the secretariat in 
New York may well be offset by a loss 


of their close collaboration and good 
will. E 





Fundy’s tidal power, Separating the 
two Maritime provinces of Nova Scotia 
and New Brunswick, the Bay of Fundy 
possesses one of the world’s largest tide 
ranges. A. N. Karas, assistant director 
of planning for the Electrical Engi- 
neering Branch of the National Energy 
Board, said that although the last 
detailed study in 1968 concluded that 
Fundy power projects were uneconomic 
(albeit feasible), significant increases in 
power generation costs had*helped the 
two provincial governments and the 
federal government to agree in 1975 
to re-evalyiate such schemes. 

The conclusion was that the com- 
bined market for a 7,000 MW tidal 
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power plant—in thie Maritimes, in the 
contiguous areas of Canada (mainly 
Quebec), and in the Northeastern 
United States—would by 1990 be more 
than ten times the capacity of the 
plant, or about 77,000 MW, and that 
such a plant could be brought into 
operation by that time. A survey 
indicated that the anticipated peak 
load in the Maritimes would grow from 
3,216 MWŴ in, 1980 to almost 
23,000 MW by the yeare 2010. For 
Quebec, the peak demand would be 
18,682 MW in 1980 and 133,000 MW 
in 2010. And in the Northeastern 
United States, the figures would be 
18,000 MW in 1980 and 87,500 MW in 
2010. Thus the full output of the plant 
could be used. 

The energy displaced by a tidal 
power plant in the Maritimes, further- 
more, would be predominantly high 
cost oil-fired and some coal-fired 
energy, the latter mainly in Nova 
Scotia. “In 1990 tidal energy would 
displace about 4,000 GWh of oil-fired 
generation and 500 GWh of coal-fired 
generation,” Mr Karas said. “‘Thig is 
equivalent to about an annual savings 
of 6 million barrels of oil and 300,000 
tons of coal. By the year 2010 the 
corresponding annual fuel savings have 
been calculated to be about 9 million 
barrels of oil and 600,000 tons of coal.” 
To serve the tidal plant’s export 
markets, extra high voltage trans- 
mission lines (735 or 750 KV) would 
be required. 

The scheme has considerable appeal 
to residents of Nova Scotia, who have 
been hard hit by the recent increases 
in oil prices. Residents of that 
province pay some of the highest 
prices in the country for home heat- 
ing. The president of the Nova Scotia 
Power Corporation, L. F. Kfrkpatrick, 
was quoted in the Globe and Mail as 
saying that, based on recent construc- 
tion cost estimates of between $1,300 
million and $1,700 million, power 
could be produced at one or other of 
the Bay of Fundy sites for between 18 
and 29 mills per kilowatt. Currently, 
oil-produced electricity costs almost 
20 mills. 

Dr E. P. Cockshutt, co-ordinator of 
the National Research Council of 
Canada’s Energy Project, gave a 
cautious but positive forecast for the 
utilisation of solar energy in Canada. 
There is sufficient solar energy avail- 
able in all the reasonably populated 
regions of Canada to make it a useful 
resource, he said, giving the lie to 
those who*have played it down in the 
past. But there were unique features 
of climate and geography that neces- 
sitated a distinctly Canadian pro- 
gramme. £ 

An attack on the technical problems 
of durability and cost was the most 





important priority for the next two 
or three years, Dr Cockshutt said, 


noting that “popular enthusiasm for $ 


solar heating presently outruns the 
technical and commercial realities.” 
Large-scale commercialisation of solar 
heating is at least five to ten years 
away, but it is expected eventually to 
become a bfllion-dollar-a-year industry, 
he said. 

Total radiation outside the earth’s 
atmosphere available to a properly- 
oriented receiver amounts to about 
1,400 wattsm™’, and that actually 
received on a horizontal surface at 
ground level in most of Canada is 
about one-tenth that (150 watts m`’) 
on a year-round average basis, Dr 
Cockshutt said, Even the sunniest parts 
of the world receive less than twice as 
much, or about 250 ewattsm™’. And 
with properly inclined collectors, the 
difference would be reduced. But it is 
because of the extremes of seasonal 
variation that a Canadiah solar energy 
programme must differ greatly from 
those in countries close to the equator. 
In addition, the reflective properties® 
of snow-covered ground differ distinctly 
from those of vegetation. 

Professor H. M. Lapp, of the Uni- 
versity of Manitoba’s Department of 
Agricultural Engineering, called bio- 
mass a major energy source for Canada 
in view of the magnitude of its pro- 
duction annually. “The energy available 
in animal waste, crop residues and 
forestry waste represents approximately 
6.72, 2.74 and 9.46% of Canada’s 


national energy consumption, or a com- ° 


bined » biomass energy potential of 
18.92% of Canada’s national energy 
requirement,” he said. “Such a sfgni- 
ficant component of Canada’s national 
energy requirements available from re- 
newable sources should be examined 
carefully for the feasibility of economi- 
cally viable development.” Considering 
wood alone, he said it had been esti- 
mated that ethanol/methanol fuel pro- 
duction potential from wood was about 
24 times Canada’s current annual con- 
sumption of motor gasoline and 
approximately 110% of its total gaso- 
line plus fuel oil consumption. 

The head of the NRC’s low speed 
aerodynamics laboratory, R. J. 
Pemplin, estimated that, with average 
one- to two-mile spacing between mega- 
watt-sized wind turbine power plants 
with a total height of about 100 m, the 
average wind power available over the 
whole of the country was about 130,000 


MW (overall conversion efficiency 
15%). If it was assumed that suitable 
sites were limited to areas within 


I50km of an existing network, the 
available average power was reduced 
to about 60,000 MW—about _ twice 
Canada’s national electricity consump- 


tion in winter months. Even without * 


energy storage, “it appears that wind 


+$ 
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Wind up: turbine in tunnel 


energy constitutes a very large theore- 
tical resource in Canada,” he said. The 
main obstacles to large-scale Wind 
energy development were the need to 


demonstrate long-life reliability and to, e 


reduce capital costs. . 


A humber of small-scale wind power 
projects are currently in progress in 
Canada, including several at the Brace 
Research Institute, Montreal, and a 
rotor designed by Brace installed by 
Hydro eQuebec’s Research Institute for 
experiments on compressed air storage. 
The only largt-scale project is the 
200 kW vertical axis turbine now being 
erected by Hydro Quebec on the 
Magdalen Islands, one of the windiest 
sites in Canada. Several new versions 
of the turbine are under development 
at two Canadian companies with 
government funding assistance. 

Only days before the SCITEC meet- 
ing, the federal government showed its 
interest in renewable energy resources 
by announcing that research in the 
area had been awarded the largest share 
of a $10 million increase in federal 
funding for 1977-78 for energy re- 
search. A Renewable Energy Resource 
Branch has been established within the 
Department of Energy, Mines and 
Resources, and a National Advisory 
Committee on Conservation and Re- 
newable Energy is being created. 

There was a $4.4 million increase for 
renewable energy research (including 
solar, wind, biomass and the use of 
heat pumps); energy conservation was 
allotted $3.7 million more; coal, heavy 
oils and oil sands research was increased 
$1.5 million; and transportation amd 
energy transmission received an in- 
crease of $460,000. The increases will 
bring total federal energy R&D fund- 
ing to approximately $138 million in 
the next fiscal year. 
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Give us a call, says NASA 


Alex Dorozynski reports from Paris on 
the Viking symposiunt held there last 
week 


NASA’s next Mars package will be 
launched from Cape Kennedy in Jan- 
uary 1984. It will carry a roving 
laboratory capable of covering at least 
i00km and perhaps as much as 
1,000 km óf the planet. The orbiting 
satellite will contain ‘penetrators’, to be 
implanted at and to transmit informa- 
tion from selected locations, as well as 
rempte sensing and transmission equip- 
ment. Lodged several metres into the 
Martian soils, the penetrators will re- 
cord seismic „activity and will try to 
determine the chemical composition of 
Martian soil below the surface. No 
attempt will be made to bring soil 
samples back to Earth; the earliest date 
forea rational sample return mission, 
rather than an indiscriminate ‘grab 
sample’ attempt, is 1988. ° 
This schedule is not an official one, 
but it sums up the consensus of opinion 
at last week’s symposium. The sym- 
posium involved senior scientific and 
management personnel of the Viking 
programme, the European Space 
Agency and the French National Centre 
of Space Studies. The Viking team will 
now tour several European countries, 
including the Soviet Union, to inform 
interested scientists of the latest Viking 
results and to emphasise that NASA 
planetary exploration programmes are 
open to international participation. 
According to the Viking chief project 
scientist, Dr Gerald A. Soffes, no part 
of the schedule is in the approved stage. 
But the outlook is favourable indeed. 
By any standards—sciencee technology, 
public appeal—Viking* has been an out- 
standing success, and data is still pour- 
ing in from the two landers and the two 
orbiters. These will all be kept at work 
for at least another full year. One single 
orbiter may continue to relay informa- 
tion from both landers, while the other 
will be switched over to different orbits 
in order to roam the surface of the red 
planet with its remote sensing equip- 
ment. s 
President Carter has recently proposed 
an increas in NASA ‘study money’ 
for 1978 (the increase awaits Con- 
gressional approval) but the agency 
does not seem to want to go to Mars 
with another Viking just for the sake 
of it; rather it wishes to exploit the 


early 1984, even though it is not optimal 
from the energy viewpoint, has been 
adopted as a goal by the study team 
and this is already at work. 

Dr Soffes and his colleagues made a 
point of inviting non-American guest 
scientists to participate in *the study 
of Viking data and the elaboration 
of future missions. According to 
A, Thomas Young, the Viking missions’ 
operations manager, participation would 
include the elaboration of scientific 
experiments, instrumental design, and 
perhaps even the loading on board of 
an experimental package—provided of 
course it fits into the oveyall package. 
Dr Young sugg€sted that the ffrst pro- 
posals be made to the NASA by mid- 
May this year, so that planning of the 
still-hypothetigal 1984 mission could 
Start early in October. 

Meanwhile all Viking data is being 


° r è é. 
e made available to interested scientists. 


Major reports have been published in 
three issues of Science; these have not 
apparently been found sufficiently de- 
tailed and complete by some specialists, 
so a thorough review is now being pre- 
pared, including most recent data, for 
publication in the Journal of Geophysi- 
cal Research in September. > 

Dr Soffes also hopes fore an inter- 
national Viking conferénce stmilar to 
the one that followed the Mariner 


e mission, but, he says, “‘it is not easy to 


put together or to know when it should 
happen.” In the meantime ‘limited 
disgussions on specific aspects of Viking 
results will be held during other meet- 
ings. These will take place, for example, 
at the lunar samples meeting in Houston 
in March, the meeting in Kioto in June 
of the International Biological Society 


for the Study *of the Origin of Life, 
and the pulsar meeting in Tel Aviv, also 
in June. Scientists are also being en- 
couraged to contact NASA directly 
concerning aspects of Viking in which 
they are particularly interested. 

New data is coming in so rapidly 
that publications cannot keep up with- 
out delays of six months or more, and 
the participants in the Viking sym- 
posium at the Palais de la Découverte 
in Paris were given more than enough 
to whet their appetites. On the menu: 
the Mars quake, registered during the 
primary mission, which took place some 
50 km away from the landing site, and 
was measured between 2 and 3 on the 
Richter scale; the first close range 
photograph of Phobos, one of Mars’s 
small moons; the decreasing atmos- 
pheric pressure, now increasing again 
as winter approaches in the northern 
hemisphere; the verification of Ein- 
stein’s general theory of relativity; the 
phenomenon of Mars’ dusts storms and 
the unusual erosion patterns that have 
been photographed and still remain a 
puzzle. Finally, of course, there are the 
biology experiments, which Dr Leslie 
Orgel, Head of the Viking molecular 
analysis team, described as the most 
positively negative, adding that in fact 
they had given no answer; Viking had 
landed in one of the “most desolate 
positions on Mars’’. Other sites will be 
explored during the next mission: but 
Mars conditions, or at least some of 
them, are now being re-created in the 
laboratory to find out whether efrthly 
life forms can survive in them. As other 
sites may have conditions entirely differ- 
ent from the ones at the Viking landing 
sites, there is still hope for life. “We 
may have found that where it’s red, it’s 
dead” quipped Dr Orgel: but Mars is 
red all over. bs CJ 
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massive flow of data to eprepare the < | 
next Viking generation. The 1979 $ 
‘astronomical window’ to Mars seems e 
too close for this, so the project for” 





Back to 1976: a view from Mars 
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| © Congress has already begun to 
| whittle down the hefty budget in- 
crease for basic research proposed by 
President Ford in his valedictory 
budget. A key House subcommittee 
last week substantially reduced the 
budget requeste for the National 
Science Foundation (NSF), and re- 
commended some shifts in priority 
among NSF’s programmes. Though 
the sub-committee’s actions are likely 
to be revised as the NSF budget bill 
moves through the rest of the Con- 
gressional budget process, the pro- 
posed reductions at least sound a 
warning that Congress isn’t going to 
rubber stamp the research and deve- 
lopment proposals this year. 

Ford has recommended that basic 
research in general be given a budget- 
ary shot in the arm to help restore 
some of the inflationary losses in- 
curred during the past few years. It 
has been estimated that real support 
for basic research in the United 
States shrank by about 20% between 
1967 and 1975, and Ford accordingly 
proposed that federal support be in- 
creased next year by more than 9% 
—well above the anticipated 6% in- 
flation rate. NSF’s budget, in parti- 
cular, would have gone up by more 
than 12% under Ford’s proposals. 
Those recommendations were left 
unchanged by President Carter when 
he submitted his budget revisions to 
Congress late last month. 

Past week, however, the House 
subcommittee on Science, Research 
and Development, which is usually 
friendly toward NSF, approved an 
authorisation bill for the foundation 
which would provide an increase of 
about 9°%-——~enough to keep NSF a 
step ahead of inflation, but substan- 
tially less than the Ford budget pro- 
posal. The subcommittee, moreover, 
has shifted funds within NSF’s total 
budget in such a way that the pro- 
gramme of Research Applied to 
National Needs (RANN) would bear 
the brunt of the reductions, while the 
foundation’s education support pro- 
grammes would be given more money 
than Ford had requested. 

The RANN programme would be 
given about the same overall budget 
as it received this year, but the sub- 
committee has recommended that a 
sharply increased proportion of 
RANN funds should be spent on 
earthquake research. Other RANN 
projects would consequently be cut 
back. Outside those two areas, the 
subcommittee has essentially recom- 
mended that NSF’s prograrfimes be 
given cost-of-living increases. 

The subcommittee’s action is only 


the first stage in a protracted budget , 
process. The subcommittee bill will bes 
taken up by the full Committee on 
Science and Technology this week 
before being sent to,the House itself 
and, on the senate side, a subcom- 
mittee chaired by Senator Edward 
Kennedy has just completed hearings 


on NSF's authorisation bill; it is ex- 
pected to report its own version soon. 
Appropriations committees in both 
the House and Senate will then take 
up the measure. 

It is thus likely that the subcom- 
mittee’s bill will be modified con- 
siderably as it progresses through the 
rest of the Congressional mill, but the 
proposed reductions nevertheless sug- 

gest that NSF’s budget may be in for 
a bumpy ride through Congress this 
year. ° 

@ Another distinguished scientist has 
been appointed to a top-level post. in 
the Carter Administration. Donald 
Kennedy, professor of zoology at 
Stanford University, was last week 
named Commissioner of the Food and 
Drug Administration (FDA), a post 
which has been occupied by physi- 
cians for the past 12 years. 

The appointment is something of a 
surprise since Kennedy has had little 
direct experience in the political mine- 
field of drug regulation. FDA is 
constantly caught in a fierce crossfire 
between the drug industry, consumer 

dvocates and Congressional critics. 
It has been chronically short of funds 
to carry out its mission or regulating 
the powerful food, drug, cosmetics 
and medical devices industries, and 
its own research enterprise is generally 
acknowledged to be relatively low in 
quality. Kennedy will clearly have his 
work cut out for him. 

A neurophysiologist, Kennedy’s 
political star has been rising rapidly in 
Washington in the past few years. 
Elected a member of the National 
Academy of Sciences in 1972 at the 
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age of 40, he was chairman of an. 
Academy “committee which last year 
produced & massive and widely- 
publicised report on pest control 
problems. Late, last year he was 
appointed a senior consultant to the 
newly established Office of Science 
amd Technology Policy (OSTP), a job 
which took up half his time and kept 
him shuttling back and forth between 
Washington and Stanford. While at 
OSTP, Kennedy is said to have played 
a major role in securing a substantial 
increase for agricultural research in 
President Ford’s final budget. Other- 
wise, his experience in Washington 
politics has been limited. 
®© An international coalition of 
scientists, environmentalists, théo- 
logians and philosophers has been 
formed to seek a worldwide mora- 
torium on most uses of tecombinant 
DNA techniques and broader public 
discussion of the ethical and social 
implication of genetic engineering. 
The coalition, whose formation was 
announced at a press conference 
in Washington on Monday, in- 
cludes among its sponsors Sir Mac- 
Farlane Burnett, an eminent Aus- 
tralian immunologist*and Nobel Prize- 
winner. Other sponsors include 
Aurelio Peccei, founder of the Club 
of Rome, Lewis Mumford, author 
and philosopher, George Wald, and a 
number of environmentalist organi- 


, sations and churgh leaders. 


A statement endorsed by the group, 
which calls itself the Coalition for 
Responsible Genetic Research, notes 
that “genetic and molecular biological 
research is rapidly providing the basis 
for the practice of genetic engineer- 
ing”. It continues: “The continuation 
of this research without public under- 
standing and approval, and in fact 
without a fyll comprehension of its 
potential by most of the involved 
scientists, poses a worldwide danger 
which is intensified by the fact that 
industrial investment in the develop- 
ing genetic technology has already 


begun”. 
Citing possible health hazards from 
current research, including “the 


spread of cancer or the creation of 
new diseases”, the statement calls for 
a motatorium “on all research that 
would produce novel genetic combina- 
tions between distant organisms which 
have not been demonstrated to ex- 
change genes in nature’. The 
moratorium should stay in effect, the 
coalition argues, while the ethical , 
implications of the research are 
examined and the dangers assessed in 
public Uiscussions. * 

e Colin Norman 
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BRITAIN ; 


View and review 


* 


The development of a comprehensive 
UK energy policy h&s come in for 
further analysis in the past week. Chris 


Sherwell reports 
+ 


Britain's Energy Secretary, Mr 
Anthony Wedgwood Benn, who has al- 
ready taken steps to broaden the ba®is 
of cogsultagion on the country’s energy 
policy by holding an energy conference 
and proposing an energy commission, 
is now considering the possibility of 
publishing a Green Paper (discussion 
document) later this year to widen the 
debate still further. The suggestion is 
contained in a memorandum from Mr 
Benn which accompanies the energy 
policy review document that the De- 
partment of Energy has produced for 
the National Economic Development 


THE severe drought in the Western 
United States has led to widespread 
calls for rain- and snowmaking, and 
has even caused one state, Idgho, to 
threaten legal action if a neighbouring 
state, Washington, interferes with the 
weather. Is there, however, any 
reason to have much confidence in 
rainmaking activities? Many of those 
who work in or close to the’ field of 


weather modificagion are still, 
sceptical of our ability to affect pre- 
cipitation, 


Most effort in weather modification 
has been devoted to adding to the 
population of natural ice nuclei. These 
are extremely rare particles (only 
about one in a billion atmospheric 
particles is an effective ice nucleus at 
warmer than —15 °C), although these 
rare nuclei can sometimes generate 
many secondary ° particles. Silver 
iodide is still the main artificial 
nucleating material, although experi- 
mental evidence on the mechanism is 
ambiguous. Distinct from ice nuclea- 
tion is the process of altering popula- 
tions of cloud condensation nuclei, 
and some interesting work has been 
done in India using sodium chloride. 
There is still no strongly preferred 
method for launching nuclei—air- 
borne and ground generators continue 
to be used. 

An immense amount of cloud- 
seeding has been done in the past 25 
years, but most has been by commer- 
cial enterprises for which little satis- 
factory documentation exists. Detailed 
studies by governmentaf organisations 
with attempts at statistical “analysis 
have, however, been conducted in th® 


Council. 

The document crisply summarises 
the country’s prevailing energy policies. 
Short-term problems, arising from an 
excess of capacity, emphasise the diffi- 
culties of power plant manufacturers, 
the possibility of a coal sfrplus and 
the need for a gas gathering pipeline 
to harness the Northern North Sea. 
The suggested long-term strategy 
emphasises the Plan for Coal and coal 
conversion research, the need for a 
flexible oil depletion policy and a long- 
term gas policy, the need for access to 
necessary reactor technology including 
the fast breeder, and the benefits of 
conservation and renewable” energy 
sourcés, The finances and pricing of 
the nationalised energy industries also 
need to be pug on to a proper economic 
basis. 


United States, Canada, India, Israel 
and Australia and are summarised in 
a valuable document, Weather and 
Climate Modification (US National 
Academy of Sciences, 1973). 


Changing weather | 


Reening Standagg 6 
lip gers. 
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Experiments have used amounts of 
silver iodide of up to 1 kg per hour. 
The major problem has always been 
that of data analysis, as ideally, trials 
Should be fully randomised. Even 
when this has been done statistical 
tests, on which there is still much 
discussion, show occasions when 
results are inconclusive and = even 
occasions of diminished precipitation. 
The above-mentioned report, how- 
ever, was more optimistic about one 
experiment, Climax in Colorado, in 


Last week the Royal Society released 
its long-awaited report on the govern- 
ment’s discussion document published 
last year, Energy R&D in the United 
Kingdom. The Society also published 
a report on R&D strategy for offshore 
o and gas technology. The most signi- 
ficant point to emerge concerned the 
fast breeder reactor. Coal could not 
alone satisfy future “demand, it was 
argued, and the proposed demonstra- 
tion commercial breeder (CFR-1) 
should be given sufficient approval to 
allow all planning and practical studies 
to start immediately; the country’s lack 
of uraniume sources meant that any 
credible nuclear policy had to be based 
on the breeder and did not imply the 
inevitability of a breeder programme. 

Support for R&D on alternative 
sources was urged, particularly in 
power and solar power: wind and geo- 
thermal energy were less enthusiasti- 
cally received. CI 


which cold orographic winter clouds 
were seeded; precipitation, it says, 
can be increased by substantial 
amounts (35%) and on a determinate 
basis. 

Not all weather modification ex- 
periments have been specifically 
devoted to rainmaking. In Florida, a 
major experiment has been underway 
for several years in the field of ‘cloud 
management’, Massive seedings of up 
to I kg per cumulus cloud ares in- 
tended to release large amounts of 
latent heat as supercooled water is 
rapidly turned to ice. The latent heat 
increases the buoyancy of clouds and 
hence their lifetimes during which 
they Maye grow or merge. 

Further, there “has been extensive 
activity, centred on Colorado, to 
modify hail which accounts for $700 
million of damage in the United 
States every year. A strategy already 
adopted in the Soviet Union is to 
increase by a factor of up to a 
thousand the number of nuclei in the 
hail-producing part of a cumulo- 
nimbus cloud by launching shells or 
rockets packed with silver iodide 
which explode inside the cloud. The 
hope is that many small hailstones 
rather than a few large ones will fall. 
Soviet work has extended well beyond 
the research phase and annual savings 
running into tens of millions of 
roubles have been reported, Work in 
France, Switzerland and Kenya has 
yielded mixed results, again with 
problems of randomisation, but the 
National Hail Research Experiment 
initiated fn 1971 in the United States 
has yet to bear fruit. 
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More trouble for dissidents 


© Seven Moscow Jewish activists, all 
-© members of the Voronel/Azbel’ seminar 
and/or the Helsinki monitoring group, 
have had their homes searched un- 
usually thoroughly „by the police. The 
seven are the cyberneticist Aleksandr 
Lerner, Josif Beilin, a mathematician, 
Ida Nudel, an “economist, and the 
engineers Vladimir Slepak, Anatolii 
Shcharanskii, Boris Chernobil’skn and 
Mikhail Kremen. An open letter in 
Izvestiya signed by Dr Senya Lipavskii, 
a former associate of these groups, 
accuses them of being financed by CIA 
funds. Lipavskii also claimed that 
during their protest hunger strike of 
March 1974, the sinologist Vitalii Rubin 
and the chemist David Azbel’ did, in 
fact, eat regular meals. (Both Rubin 
and David Azbel’ have since emigrated, 
Azbel’ in 1974 and Rubin in 1976). 
Dissident circles in Moscow associate 


Science is being taught today in 
British universities, polytechnics and 
colleges in many different ways. We 
still have special honours degrees, 
where one subject is dealt with ‘in 
depth’, with the intention of produc- 
ing specialists. It is generally agreed 
that brilliant students, particularly if 
they intend to follow a career in 
their speciality, may thus be well 
served. However, some departments 
now offer such a variety of optional 
courses that the result may be un- 
recognisable to the traditionally 
minded. Zoologists may never study 
a whole animal, botanists may know 
little about common plants. Even 
when such fashionable absuedities are 
avoided, many would agree that less 
gifted students, only able to scrape 
a pass, are better served by more 
broadly based instruction, 

The ‘interdisciplinary degree’, how- 
ever, is not new. Fifty years ago 
Part One of the Cambridge Natural 
Science Tripos (taken in three sub- 
jects), or the similar London Univer- 
sity General Honours course were 
familiar examples; both entitled their 
holders to an honours BA or BSc. 
The degrees were considered suitable 
for the less able, or as a preliminary 
to specialisation in a single subject. 

Today, there is a much wider 
choice. Modular degree courses may 
allow students to choose combinations 
of subject which appear illogical to 
conservative academics. Even when, 
as is true of most colleges, students 
are sensibly counselled, so that the 
subjects studied are reasonably com- 
patible, those entering these courses 


e 


115 





¢ 
the new repressions with a recent » support for Brazil’s efforts to maintain 


article 
vigilance “as never before’. In War- 
saw, meanwhile, the latest batch of 
arrests of members of the Workers’ 
Defence Committee Has included the 
mathematician Jan  Lytinski and 
Mieczyslaw Grudzinski, a computer 
engineer. | 


Argentina-—Peru deal 


Argentina’s growing role in Latin 
America’s development of nuclear 
power was given another boost at the 
end of last week when she signed an 
agreement with Peru to build a 10 MW 
research reactor there. The agreement, 
reportedly involving a $50 million 
budget, covers design, equipment and 
training of local scientists. Argéntina 
herself has a 300 MW reactor in opera- 
tion, and a 600 MW reactpr under con- 
struction. Recently she announced her 


may have somewhat doubtful job- 
prospects, particularly serious at a 
time of graduate unemployment. It 
would be little consolation for a 
prospective chemist to be told that he 
is now better suited to enter “the 


Grage expectations 
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upper reaches of the Civil Service, 
banks, the highest positions in in- 
dustry” because he is now better 
educated than his contemporaries 
studying classics. (if his course fits 
the criteria suggested by Sir Hermann 
Bondi, Nature 27 January 1977) when 
the Royal Institute of Chemistry finds 
itself unable to recognise his quali- 
fications. 

This was why the Council for 
Science and Technology Institutes, 


” ° 


in Pravda urging political, 


the, controversial deal with West — 
Germany, tke original source of guid- 
ance for her own programme. 


BNFL: another step 


Plans submitted to Cumbria County 
Council by British Nuclear Fuels Ltd 
(BNFL) for expansion of existing 
Magnox reprocessing facilities and for 
fatilities to develop its Harvest waste 
solidification process were, as expgct,ed, 
quickly accepted by the council’s plan- 
ning committee last week. ° 

BNFL split into two its more contro- 
versial oxide fuel reprocessing plans. The 
part covering construction of the plant 
is now expected to be called in for a 
public inquiry. The other part, relating 
to the provision of storage facilities 
for incoming fuel, will, BNFL says, not 
prejudice any decision on the plant 
itself. 


which coordinates the work of the 
recognised bodies in Britain, held a 
meeting in London recently to discuss 
how multidisciplinary degrees could 
qualify their holders for admission. It 
was clear that all the institutes were 
anxious to find ways to allow these 
graduates to qualify, provided this 
did not lower their standards. Most 
give crédit for those parts of the 
course which are relevant, and sug- 


"gest how essential gaps may be filled. 


As all the institutes only elect 
graduates after several years of ex- 
perience in their subject, the length 
and nature of this experience can be 
adjusted to overcome deficencies. It 
is clearly important that all teaching 
departments should know, in advance, 
how new courses are likely to be 
viewed by the professional institutes, 
as well as by prospective employers. 
Membership of professional insti- 
tutes may become increasingly 
important, as these qualifications | 
become the means by which scientists 
are recognised within the Common 
Market. It is also clear that the | 
greater difficulty a candidate may > 


have in being accepted the more | 


valuable membership will be to him. ] 

The ifstitutes must be fair and sym- | 
pathetic in all cases, but must also be — 

seen to be maintaining their standards. 


They must always remember Groucho | — - 


Marx, whose applications to join an f- 
exclusive club were repeatedly black- - 

balled. Eventually he was informed 
that he had been successful, upon ° 
which he asked “Who would want to 
join a dub which atimitted a bum like 

am e? +t 


* 
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The teratogenic . 


effects of dioxin 
SiR, Alistair Hay (10 February) states 
that many pregnant women from the 
dioxin-contaminated district of Seveso 
have sought terminations outside Italy. 
Some will have to come to Britain: UK 
statistics should reveal whether re- 
latively more abortions were performed 
on Italian women in 1976 than 1975. 
in view of the highly teratogenic 
activity of dioxin in animals, and the 
total absence of information for our 
own species, J share Dr Hay's concern 
that no organised steps have been taken 
to examine aborted foetuses for pos- 
sible malformations. [ would urge that 


some code of practice be agreed, if , 


possible for Europe as a whole but at 
least for Britain, to ensure that all 
foetuses aborted as a result of* any 
suspected contamination of the en- 
vironment should be examined by an 
experienced pathSlogist and compared 
with a matched control series. We may 
be too late this time: but Seveso is 
unlikely to be the last accident of its 
kind. 

Yours faithfully, 

ANNE MCLAREN 

MRC Mammalian Development Unit, 
University College, London 


Journal abbreviations 

Sir,—1 agree with Adrian Smith (10 
February, page 492) that the saving in 
typesetting does not in itself justify the 
use of journal abbreviations. I suggest, 
however, that the real problem lies not 
in abbreviating but,in é@stablishing a 
correct and unambiguous title. Here 
the British Standard is of no help, but 
the World List of Scientific Periodicals 
is invaluable, for journals published up 
to 1960. 

The examples of ambiguous ab- 
breviation cited by Mr Smith do not 
come from the World List, where there 
is a clear distinction between J. math. 
Phys. and J. Math. Phys. Hag they 
existed in 1960, Industrie minérale 
would haye become Industrie minér, 
while Industrial Minerals became Ind. 
Miner. Even in the annual supplements 
published since 1960, which have un- 
fortunately abandoned the principles of 
the fourth edition of World List, Ind. 
Miner. (Fr) is not the same as Ind. 
Miner. 

The World List pave a standard for 
journals with multilingual titles, ang 
distinguished, if distinction be thought 


+ 


Ld 
necessary, between three journals called 
Nature. 

Correct identification of current 
journals will eventually be possible by 
the use of International Standard Serial 
Numbers, though whether this will re- 
duce the chore to authors and editors 
remains to be seen. 

Yours faithfully, 

J. E. M. HORNE 

Freshwater Biological Association, 
Windermere g i e . 
Charged plumes 
Sir,—-Contrary to the report of Jennings 
and Jones om high electric fields from 
industrial stack plumes (November 18, 
1976), the electrical effects in the atmos- 
phere caused by electrostatic precipitators 
are well known. Those working in the 
field of atmospheric electricity are aware 
that plumes emanating from chimneys 
equipped with precipitators contain large 
numbers of charged particles which can 
be detected at a considerable distance 
from the chimney?. 

Much of the charge may be carried on 
solid particles which *. somehow have 
escaped capture on the *precipitator sur- 
faces. We think that some fraction of the 
charge is also carried by water molecules 
from the combustion products in the 
industrial operation and of course there 
will be some small ion generation from 
the breakdown of other gases near the 
high voltage portion of the precipitator. 

We have measured effects of chimney 
plumes with equipment carried in a 
manned aeroplane***. Among other 
results, we observed both the horizontal 
and vertical atmospheric electric field 
components up to 4,000 feet above the 
chimneys on calm days, when thermal 
convection of the plume was more pro- 
nounced than motion downwind. 
Rowland® came across the plume pheno- 
mena in 1973 when making measure- 
ments in a clear air turbulence study. 

Vonnegut et alë purposely generated 
clouds of charged oil droplets with a 
device similar to an electrostatic precipi- 
tator and reported extremely high local 
electric fields which caused point corona 
discharge currents and other high-field 
effects on bushes, structures, people, etc. 
He also levitated a charged cloud of water 
droplets below the oil cloud. 

To the extent that charges generated in 
this manner (by chimney precipitators) 
can somehow become transferred onto 
high mobility carriers, the authors may 
be right in asserting that there is a possible 


contribution to the earth's charge balance. 
e 


We doubt that the low mobility, charged 
solid particles contribute directly, but the 
high mobility charges; which they may 
generate by pulling point discharges from 
earthed structures, might. The first result 
of this point discharge current in the 
atmosphere, of course, will be to help 
discharge the chimney plume; no doubt 
this is partly why the electrical effect of 
the plume is diminished as it travels away 
from the precipitator. 

The observation of a possible hazard 
from sparking in the near vicinity of such 
plumes is well taken, and the cement and 
electrical power industries should be 
interested in further investigation into this 
likelihood. 

Yours faithfully, 
MAYNARD L. HILL 
THEODORE R. WHYTE 
ROGER O. WEISS 


Applied Physics Laboratory, 
Johns Hopkins University, 

Laurel, Maryland 20810, USA 
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Bird at Pompeii 
Sir, —T. E. Thompson (27 January, 
page 292) surely owes an apology to 
the anonymous artist of Pompeii. The 
little bird he portrayed sitting on a 
rock overlooking the sea is clearly a 
composite representation of all those 
passerine migrants of the type known 
to Americans as ‘confusing fall 
warblers’ which are still trapped and 
eaten on a vast scale all round the 
Mediterranean coastline. It is interest- 
ing that they are the only terrestrial 
delicacy considered worthy of inclusion 
in a picture of local specialties. They 
are of course those ‘nightingales’ whose 
tongues formed the favourite diet of 
the Roman emperors. 

ae Yours faithfully, 

. W. R. P. BOURNE 

Milltimber, 
Aberdeen, UK 
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Unsolved problems in nuclear structure yag 


from Otto Kofoed-Hansen, 


In preparing the balance sheet for any 
particular branch of science, much sub- 
jective argument is involved. So what 
follows iS my very personal stock- 
taking of nuclear physics—where do 
we need more experimental informa- 
tion? 


Where exactly is the yrast line? ° 
Quoting Bohr and Mottelson (Nuclear 
Structure IJ, Benjamin, 1975) “the 
lowest level of given spin is referred to 
as an ‘‘yrast’’ level (Grover Phys. Rev. 
157, 832; 1967) The word appears to 
derive from the old Germanic wor, 
which developed into the English weary 
and the Nordic ørr (modern Swedish 
yr, modern Danish or), meaning dizzy. 
The form yrast is the naturally con- 
structed superlative of yr’? (In other 
disciplmes of physics the name “‘the 
lowest Regge trajectory’ appears more 
natural ) ; 

For a given nucleus aomposed of Z 
protons and N neutrons, (mass number 
A=Z+WN) there exists a multitude of 
possible states. The States ares charac- 
terised in their energy content and in 
sets of quantum numbers (such as 
spin, /, which characterises the angular 
momentum of the nucleus as a whole) 
For each spin value, /, there exists a 
lowest energy content below which no 
(N,Z) nucleus of this spin can be 
formed. This lowest energy limit is 
called the yrast line—at this line all the 
energy available is used to make the 
nuclear structure in question spin. For 
simple heavy nuclei there is also a 
maximum energy content beyond which 
the nucleus will fission, centrifugal 
forces will split ıt. Thus there exists 
for all NZ combinations and all values 
of 7 a region limited on one hand by 
fission and on the other hand by yrast 
(dizziness). Large groups of nuclear 
physicists are attempting to pin down 
these limits and to understand them in 
terms of nuclear models. The to&ls en- 
visaged are heavy ton accelerators and 
all possible refinements in detector tech- 
niques The aim is to create very large 


spin states of representative combina- 
tions of .N and Z and, to watch the 
details of the decays of these states 
The mere fact that N, Z and 7 can vary 
within a relatively wide range means 
that this is a vast regioneof research. 
The interpretation 1s forseen in terms 
of collective nuclear models, but bor- 
dering on those limits where every 
single nucleon in the nucleus carries as 
much oriented angular momentum as it 
can get away with. The next question 
thus follows quite naturally. 


Where is the borderline between con- 
tinuum descriptions and individual 
particle descriptions of nuclei? 

By ‘individual particle description’, I 
understand a description where the 
nucleus of mass number A=Z+WN 1s 
considered as a many-body system of 
A interacting nucleons (Z protons and 
N neutrons). This should not be con- 
fused with an ‘independent partiele 
description’, where a nucleus is des- 
cribed as usually one (or a few) par- 
ticles moving in an average field 
created by the rest or by the totality 
of nucleons in the nucleus and des- 
cribed by semi-empirical parameters. 
Whereas I personally consider an “‘in- 
dividual particle description” as a fun- 
damental approach, I must admit the 
techmical difficulties encountered. For 
practical purposes I am quite willing to 
use the semi-empirical approximations. 
I have, however, a (vain?) hope that 
some day we may succeed in using the 
fundamental approach. It is clear that 
the yrast region is such a border line, 
because when this region 1s reached the 
nucleus spins as fast as possible with 
a finite number of constituents having 
oriented angular momenta. But are 
there other ways of assessing such 
limits? 

What is now the major difference 
between the results obtained with a 
genuine many-particle description and 
with a continuum model? To my mind 
the major difference is to be found in 
the number of levels of this or that 
class which obtain An example of this 

a 


> 


can be found apparently in the 
number of levels in a rotational baad. 
A few years ago an attempt was made 
to answer such questions. I feel that 
it would be interesting te pursue this 
matter in much greated detail. Results 
of this kind would also be of interest 
for the subject of the next question. 


Where do the mesonic degrees of free- 
dom çome in? 

Perhaps this question may be most 
easily discussed by considering a few 
histori@al facts. After the Second 
World War nuclear physics had be- 
come an ‘important science’. Many 
physicists were optimistic that the 
ultimate solutions to problems in 
nuclear physics would soon be found. 
One such attitude was a widespread 


hope that bombdrding hydrogen with 


protons and neutrons of energies up to 
a few thousand million electron volts 
would provide a complete understand- 
ing of nuclear forces. Thus the field 
of high energy physics flourished with 
man-made fast projectiles joining 
cosmic rays as tools. 

However the world of minuscule 
particles is much more complicated 
than imagined. It turned out that ele- 
mentary particles appear in large 
families, that nucleons exist in excited 
states, that they have structure and in- 
ternal degrees of freedom. 

In the picture of nuclei composed of 
nucleons these degrees of freedom are 
neglected This is a parallel to the fact 
that when discussing molecules the 
internal degrees of freedom of the 
nuclei,are usually neglected My ques- 
tion is really a query into the limit of 
accuracy to which it is permissible to 
disregard the mesonic or quark de- 
grees of freedom. Last year the School 
of Nuclear Physics held at the Ettore 
Majorana Centre of Scientific Culture 
at Erice, Sicily, and directed by Denys. 
Wilkinson, was exclusively devoted to 
this question. * i 

The exotic degree of freedom called 
g@rangeness (the characteristic quantum 
number of kaons and hyperons) has 
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been clearly identified in nuclear matter, 
forming the field of study of hyper- 
nuclear spectroscopy. How soon before 
we see charming nuclear speotroscapy? 
Thus there exists some knowledge of 
the level at which the effects appear. 
Similarly, excited „nucleons (with 
strangeness zero), the so-called N*’s, 
have been considered in nuclear matter 
in the same way as they are considered 
in hadron—nucleon collisions, that is, 
as resonances, but now broadened by 
Doppler motion. But my question 
should really be reformulated: whtn 
N@’s,ehyperons and so on are produced 
on nuclei is a nucleus then seen as a 
collection of quasifree nucleons, or 
can the effects of the aucleon binding, 
of the collective of particles forming 
the nucleus, and of the presence of 
pions during those exchanges that are 
responsible for the nuclear forces be 
discerned? Formulated in this way, it 
is evident that we ask questions which 
must be answered by the selection of 
rare situations or by very high pre- 
cision. So far, the general feeling is 


that we have not succeeded in finding ° 


the answers. There has been a puzzling 
result, however. F 
Çollisions between fast nucleons take 
times Tg of the order of R/c, with R 
being the nucleon radius in question 
and c the velocity of light, whereas 
experiments with fast projectiles take 
times J, of the order L/c, where L 
is the length of our apparatus; the 
ratio of these time-scales is Tr/TL = 
R/L=10™ to 10°". Thus what is seen 
is something that has been fully de-* 
veloped in the apparatus, but may have 
very different aspects over periods of 
time that are but a few times Tr. Here 
the nuclei may be used as detectors 
enabling observations over nuclear dis- 
tances Rx in the range RS Rx<6R 
to be made Developments in ordinary 
material extending over metre distances 
can be called ‘macroscopic’ and de- 
velopments over nuclear dimensions 
and with nuclear densities ‘micro- 
scopic’. The three main results may 
be summarised as follows (see for 
example Cronin et al. 1976 Thilisi 
Conference on High Energy Physics). 
Macroscopically, cascades of particles 
produced near the forward direction 
are found, that is the incoming hadron 
produces fast particles, which in turn 
produce fast particles and so on’ micro- 
scopically, no such cascading results. 
If the final state is a 3r or a Sar 
state, that is three pions produced or 
five pions produced, then macroscopi- 
cally the chance of collision (the cross 
section) is respectively three times and 
five times that of a single pion; micro- 
scopically, the cross section is very 
closely equal to tHat for one*pion in 
both cases. è 
When very large momenta are car- 


from Rosalind Cotter 


AFTER the revelation of the chromatin 
beaded structure there followed much 
tangled discussion about the amount, 
if any, of string between the beads, 
which was based chiefly on the 
different unit sizes generated by 
micrococca] nuclease in Oregon and 
Cambridge. The argument has now 
moved from the level of technical 
disagreements involving digestion 
termination conditions or faulty cali- 
bration to a careful comparison of 
DNA repeat size in different types of 
chromatin. A correlation with genetic 
activity is beginning to emerge. 
Chambon and coworkers have 
examined tha DNA repeat length of 
subunits in chromatin from higher 
eukaryotes (Proc. natn. Acad. Sct. 
U.S.A. 73, 4382; 1976). Cells of 
mature tiss@es have nucleosomes con- 
taining 196 base pairs of DNA, 
genetically dormant cells rather more, 
and cells from actively dividing tissues 
rather less. It has been suggested that 
smaller DNA repeat lengths are 
found in primitive eukaryotes, the 
value for yeast being about 165 base 
pairs (Thomas & Furber FEBS Lett. 
66, 274; 1976), for Aspergillus 
nidulans 154 base pairs (Morris Cell 
8, 357; 1976), while 170 base “pairs are 
found in nucleosomes of Neurospora 
crassa (Noll Cell 8, 349; 1976). 
These and more recent studies 
(Lohr et al. Proc. natn. Acad. Sci 
U.S.A. 74, 79; 1977) have shown that, 
gat early times of digestion with micro- 
coccal nuclease, the most resistant 
portion of the repeating unit always 
has 140 base pairs. These core 
particles, formerly known as mono- 
mers, do not vary among species or 
from tissue to tissue (Morris Cell 9, 
627; 1976) with respect to size, 
histone content (two each of H2A, 
H2B, H3 and H4, and internal 
cleavage pattern by DNase I. The 
variations in repeat lengths are there- 
fore attributable to the more nuclease- 


ried over in the collision (that is, when 
the struck particle gains a ldtge 
amount of energy), a relatively rare 
event has occurred. Naively, it would 
be expected that the chance of such 
events occurring in nuclear matter 
would grow with nuclear mass number 
as the nuclear cross section, that is 
roughly proportional to A’”?. Experi- 
mentally, the result is proportional to 
Atk, 

These three main results need ex- 
planation and further study both 
experimentally and theoretically. It is 
not known whether they are nuclear or 
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_| Variable DNA repeat lengths, | 


sensitive DNA spacer between core 
particles. 

Lohr et al. observe a distribution of 
repeat sizes for yeast and HeLa chro- 
matin, ranging from 140 (that is, no 
spacer) to 165 base pairs in yeast, to 
190 base pairs in HeLa. Chicken 
erythrocyte oligomers however 
quickly re&ch constant sizes during 
digestion which are compatible with 
a regular array of core particles and 
60 base-pair linkers. The authors 
speculate on a possible correlation 
between spacing mode and gene acti- 
vity, which would be expected to be 
more complex along chromatin from 
active cells with sizeable transcribed 
and non-transcribed regions, and more 
regular in inactive chromatin in order 
to meet packaging requirements more 
efficiently. 

The Cambridge group suggest that 
variations in spacer length may be 
brought about by histone Hi. HI is 
hfghly basic and is thought to interact 
with phosphates of DNA in the spacer 
regions. HI from Aspergillus has 
fewer basic residues than Neurospora 
Hi, and can therefore presumably 
protect only a shorter piece of inter- 
bead DNA. Morris notes a subunit 
repeat for chicken erythrocyte chro- 
matin which is longer than that of 
chicken liver chromatin, and might be 
attributable to the partial substitu- 
tion in the former of H1 by the more 
basic H5. He discusses the interésting 
possibility that specific recognition 
sites such as promoters might have 
altered accessibilities depending on 
whether they are incorporated into 
nucleosome cores or spacers; if then 
nucleosomes are phased with respect 
to recognition Signals, this phasing 
could be altered by different H1-like 
proteins inducing changes in linker 
length. H1 is known to vary during 
development and cell differentiation 
and may therefore influence the ac- 
cessibility of recognition sites in active 
chromatin. 


hadronic effects. 

All this does not answer the central 
question’ how many degrees of free- 
dom should we consider in nuclear 
matter? And when are we to talk about 
a finite number of constituents and 
when about continuum? These prob- 
lems are also linked to the next major 
point. ; 

Are shock waves observed in nuclear 
mattea? 

Certain, authors maintain that they 
have seen such waves but for me the 
interpretation is not clear, First, I have 
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no clear picture of*what is understood 
by ordinary sound waves and the velo- 
city of sound in nucleaf matter. Bohr 
and Mottelson (op cit.) point out 
that in nuclear matter one must assume 
that one deals with zero sound, that is, 
vibrations that are close to collision- 
free. If this is the case, then the velo- 
city of sound is likely to be relatively 
high and shock waves may need even 
more violent initiation than could first 
be imagined. To me, the, domain is 
far from exploited and merits much 
further study both conceptually, the- 
oretically and experimentally. 


In addition té the questions raised 
above, much work needs to be done on 
nuclei far from stability, 


heavies. Exotic atoms also present an 
interesting field; with antimatter avail- 
able, they can even be envisaged as 
A,;~Az atoms with strong interaction 


complicatiorts. 

All this is, of course, mainly 
academic. , The practical nucleus 
remains, For the time being however, 
nuclear applications have become 


“despised and rejected of men”. 
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Acid proteases come of age 


from Jordan Tang 


In the past 10 years, research into the 
structure and function of proteases has 
been successful. The exception has 
been in the area of the acid proteases 
which has had the status of ea 
stepchild—-mainly because of the 
absence of structural information. But 
it now seems that the acid proteases 
have come of age. — 

Last November, at the “Conference 
on Acid Proteases: Structure, Func- 
tion, and Biology’, held at the Univer- 
sity of Oklahoma, three new high- 
resolution crystal structures of micro- 
bial acid proteases were reported. The 
amino acid sequences of two gastric 
carboxyl proteases, pepsin and 
chymosin (B. Foltmann, unpublished 
data) were completed, and a microbial 
enzyme, penicillopepsin, is near com- 
pletion These results have provided a 
new framework for the study of the 
catalytic mechanism and the evolution 
of this group of en%ymes. (The pro- 
ceedings of the Conference will be pub- 
lished as a book in the autumn of 1977). 

Among this group, the best combina- 
tion of X-ray and sequence data is in 
the acid protease from Penicillium 
janthinellum: penicillopepsin This col- 
laborative work of two Canadian 
groups is reported in this issue of 
Nature (Hsu et al. page 140) The 
enzyme is bilobal and has a pronounced 
cleft between the two lobes. The 28 A 
resolution electron density map was 
calculated, using eight heavy-atom 
derivatives Although the amino acid 
sequence of this enzyme is not com- 
pleted, the sequence of 16 fragments 
can be aligned against the known 
sequence of porcine pepsin (Tang et al., 
Proc. natn Acad. Sci. US A 70, 3437, 
1973). From this alignment, the poly- 
peptide backbone and the side-cMains of 
326 residues can be traced inethe elec- 
tron density map with little ambiguity. 
The crystallographic data of acid pro- 


teases from two other moulds give 
essentially the same secondary and 
tertiary structures. The enzyme from 
Rhiz&pus chinensis has been solved at 
3 A resolution by D. R. Davies’s 
group at the US National Institutes 
of Health and the enzyme from 
Endothia parasitica has been solved at 
the same resolution by T. L. Blundell 
and coworkers at the University of 
Sussex. Although little sequence infor- 
mation „is available for these two 
enzymes, the tracings of the polypep- 
tide chains are quite certain The fold- 
ing of the chains are the same in all 
three enzymes and the secondary 
structures consist of large numbers of 
B-sheets with only a few isolated helical 
turns. The apparent binding clefts are 
also extremely similar In all three 
cases, the clefts extend across the sur- 
face of the molecules and are sufficient 
to accommodate the binding of about 
8 amino acid residues of the substrate 
as suggested from the specificity studies 
of microbial acid proteases and pepsin 

A close relationship of tertiary struc- 
tures of porcine pepsin and the micro- 
bial acid proteases is indicated by 
sequence homology. As mentioned 
above, the fragments of penicillopepsin 
can be aligned against the pepsin 
sequence. Computer programmed com- 
parison shows 11 highly conserved 
regions, including the regions near the 
catalytic aspartyl residues which will be 
discussed below The crystal structure 
of porcine pepsin is still uncertain. The 
previously reported 2.7A_ resolution 
structure (Andreeva et al. Dokl Akad. 
Nauk U.S.S.R. 228, 480; 1976) shows a 
considerable number of contacts along 
the molecular boundary; a revision of 
the molecular boundary, as well as a 
new interpretation of this map, is under- 
way. However, a comparison of the 
tertiary structures of pepsin and the 
acid protease „from R. chinensis by 
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Andreeva (unpublished results), using 
the data of Davies with the calculation 


including g of rotation function, indicates a high 
heavy elements and the possible super-. 


degsee of simélarity—confirming the 
implication Of sequence comparison. 

There has never been any doubt that 
the active centres of all the acid pro- 
teases are very much alike. Two active 
centre aspartyl residues, 32 and 215 in 
pepsin were identified by means of 
active site directed modifying reagents 
—an epoxide and a diazo compound. 
These reagents also inactivate most of 
the other acid proteases. In the crystal 
structure of all three microbiab aoid 
proteases, these aspartyl residues are 
found to be close to each other at the 
centre of the apparent binding cleft. 
In the case of penicillopepsin, the 
chains of Asp-32 and Asp-215 are in 
intimate contact so that, as suggested 
by Hsu et al., they may share a com- 
mon proton between the oxygen atoms 
of the two aspartyl residues. In addi- 
tion, Ser-35 is hydrogen bonded to the 
other carboxyl oxygen of Asp-32. These 
three hydrogen-bonded residues. 
Ser-35, Asp-32, Asp-215, are remipis- 
cent of the charge relay system of the 
sering protease All three residues are 
also conserved in the known sequences 
of acid proteases. The hydrogen bond- 
ings could easily explain the low pKa 
of Asp-32 (~ 2) and the slightly high 
pKa of Asp-215 (~ 4.5). 

But, despite these new findings, the 
detailed catalytic mechanism of acid 
proteases is unlikely to be solved 
quickly. First, djrect evidence on the 


* position and orientation of substrates 


or products in the crystals, which un- 
doubtedly will be studied soon, has not 
been obtained. The possible roles of 
some groups near the catalytic site 
(for example Thr-216 and Gly-217) 
are also uncertain. Second, although 
the suggestion of the catalytic roles of 
two aspartyl residues can easily be 
fitted to thg crystal structures, this 
evidence does noé exclude any of the 
previously proposed mechanisms based 
on the catalysis by two carboxyl groups. 
For example, the controversy regard- 
ing the presence of an enzyme-amide 
intermediate in the catalysis of acid 
proteases is still unsettled. 

The binding position of pepstatin, a 
strong inhibitor for all acid proteases 
(K=10°°M for pepsin), has been 
deterfhined at low resolution in the 
crystal structure of the R, chinensis 
enzyme (Subramenian et al? Biochem. 
biophys. Res. Commun. 68, 875; 1975). 
This hexapeptide binds as an extended 
chain in the centre of the apparent 
substrate binding cleft. This finding 
agrees with the results of kinetic 
studies, using pepstatin fragments, 
which *suggest tHat pepstatin is a 
etransition state analogue of peptic 
"hydrolysis (Marciniszyn et al. ‘J. biol. 
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Chem. 251, 7088; 1976). . 

The mystery of the mechanism by 
which the active centre is involved in 
the intramolecular actjvation of fhe 
zymogens of acid proteases seems to 
have been intensified by the knowledge 
of the tertiary structures. No zymogen 
has been found for the microbial acid 
proteases, but based on sequence com- 
parison the NH:terminal positiop 
aligns closely in the linear structure 
with that of pepsin. Assuming that the 
NH--terminal chain in pepsin is posi- 
tioned in its tertiary structure like 
those ghains found in three microbial 
enzymes, then this polypeptide chain 
would be “extended away from the 
active centre with the NH:-terminus on 
the other side of the molecule away 
from the binding cleft. However, 
kinatic data indicate that the intra- 
molecular activation of pepsinogen is 
inhibited by pepstatin and ‘com- 
petitively’ inhibited by a protein sub- 
Strate (Marciniszyn et al, J. biol. 
Chem. 251, 7095; 1976). This suggests 
that pepsin’s active centre is involved 
in the intramolecular activation of 


pepsinogen. The manner by which this 
is accomplished in the zymogen 


` molecule is unclear. 


» The results of the crystallographic 
and sequence studies undoubtedly will 
serve as models in the study of a large 
group of acid proteases in various 
biological systems. These include 
chymosin, the lysosomal ¢athepsin D 
and E, renin, acid proteases in blood 
and seminal plasma, and others It is 
now clear that the microbial and gastric 
acid proteases are derived by divergent 
evolution from a common ancestral 
gene. Cathepsin D and renin, which 
are similar in size to pepsin, may fall 
into the same evolutionary pattern. If 
so, then the reason that renin is derived 
from an acid protease in evolution 
might be to take advantage of the 
extended binding eleft. The stringent 
specificity requirement of eight residues 
in the substrate of renin thus can be 
accommodated These structural deve- 
lopments mark the beginning of more 
fruitful investigation into structure- 
function relations of the acid proteases. 
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Eukaryotic chromosome structure 


by Eleanor Lawrence 


A Royal Society meeting on the 
Structure of Eukaryotic Chromo- 
somes and Chromatin organised by 


Professor H. G. Callan and Dr A. 
Klug, was held in London on 16 and 
17 February, 1977. 





THE meeting covered various aspects of 
chromosome structure and function 
ranging from the fine structure of 
chromatin to the morphology of tran- 
scriptional units to detailed genetic 
studies at the molecular leyel. 

At the level of chrematin structure, 
now that the string of beads model is 
generally accepted, attention is focused 
on the detailed structure of the 
nucleosome on the one hand and 
chromatin superstructure on the other. 
The role of ‘histone’ HI in stabilising 
chromatin superstructure was brought 
out by several speakers. Although it 
does not seem necessary for maintain- 
ing the integrity of the nucleo&ome 


itself it seems to be essential for 
maintaining internucleosome con- 
nections. 


P. Chambon (University of Stras- 
bourg) described experiments which 
show that although all four histones 
H3, H4, H2A and H2B are required 
to assemble a complete nucleosome, 
H3 and H4 alone wifh SV40 DNA will 
produce small beaded structures of 
7510 Æ and introduce the charac- 


teristic superhelical turns . into the 
DNA. . ° 
The physical requirements of DNA 


, replication and transcription have led 


to the proposal that the nucleosome 
should perhaps be able to split apart 
in gome way, allowing free movement 
and replication of the DNA without 
completely shedding the histone. This 
feature has been built into current 
models (see for example Weintraub 
et al. Cell 9, 409; 1976) and Chambon 
reported that at very low ionic strength, 
‘half-nucleosomes’ of 90 A diameter can 
be seen in the electron microscope. 

At low ionic strengths A. J. Var- 
shavsky (institute of Molecular Bio- 
logy) has obtained three types of 
nucleosomal particle —MNI which 
appears to be the ‘core’ particle, MN2 
which contains 170bp DNA and has 
one Hi molecule associated with each 
particle and MN3, 200 bp and two Hil 
molecules per particle. He has also 
found an array of subnucleosomal 
particles ranging from 20 bp DNA 
lengths with no histones attached to 
particles containing 120 bp and all 
four histones, but as yet it is not 
possible to interpret these various sub- 
nucleosomal particles in terms of 
nucleosomal structure. 

Biochemical studies on chromatin 
were reported by H. G. Zachau 
(Universtty of Munich) who finds that 
at high salt conditions, or in the 
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presence of divalent cations * (Mg’*, 
Ca’*) DNase II produces 100 bp repeats 
from chromatuf rather than the normal 
200 bp repeats This is interpreted as 
a cleavage site’s becoming available 
within the nucleosome in certain 
conditions. The integrity of the nucleo- 
some is not destroyed even though the 
DNA is cut. Calf thymus chromatin 
depleted of HI however, showed no 
100 bp repeats which only reappeared 
when H1 was readded and Cat was 
present, showing that a certain amount 
of superstructure is necessary for 
generation of the 100 bp fragments. 
The structure of native chromo- 
somes is even more difficult to probe 
however. A. Worcel (Princeton 
University) reported the finding of 
supercoiled loops of DNA of around 
400 nucleosomes per loop in genomes 
of interphase nuclei of cultured 
Drosophila cells isolated in 0.9M HCl 
which removes H1. In the electron 
microscope a very gently prepared 
whole genome shows a nucleofilament 
of 100A thick with no signs of a 
begded structure. Worcel identifies this 
nucleofilament as the supercoiled 
thread. DNase I treatment of this 
preparation appears to partly release the 
supercoils and produce the beaded 
string appearance. Worcel suggested 
that the removal of H1 in vivo might 
be involved in the formation of tran- 
scriptionally active chromosome puffs. 


R. L. Kornberg (Havard Medical 
School) produced evidence that nucleo- 
some formation is random with respect 
to DNA sequence. If the 140 bp core 
DNA fragments produced from 
different copies of the same stretch of 
chromatin are always the same, single- 
stranded copies of opposite halves of 
the set of 140 bp fragments produced 
by digesfion with exonuclease III 
(which digests DMA from the 3’ ends 
only) should not reassociate. If they 
carry certain sequences in common, as 
predicted if nucleosome formation is 
random with respect to DNA sequence 
there will be reassociation, and for 
single-copy DNA sequences from rat 
liver chromatin, Kornberg’s evidence 
seems to show the latter to be the 
case He has also found variable inter- 
nucleosome lengths in chromatin from 
the same cell type, results consonant 
with the finding that nucleosome 
formation is random. 

The use of recombinant DNA tech- 
niques has revolutionised the study of 
gene organisation and sequence. By 
cloning fragments of the Drosophila 
genome and then mapping, the cloned 
fragments back on to the polytene 
chromosomes D. Hogness (Stanford 
University) has identified various 
families ef repeated sequences, some, 
like the histone genes, tandemly 
repeated, others, as yet functionally 
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unidentified, dispersed throughout the 
genome, The histone gene repeat unit 
contains the five histone genes but 
unlike those in the sea urchin (reported 
by M. Birnstiel, University of Zurich), 
HI, H3 and H2A are transcribed off 
one strand and H4 and H2B off the 
other. A repeated sequence is found 
between H3 and Hé and between H2A 
and H2B and may possibly contain a 
bidirectional promoter. Tandemly 
repeated genes appear to bg commonly 
regulated—all on or all off. Dispersed 
repeated genes on the other hand are 
apparently regulated independently 
and* different ones may be turned on 
in different cell types or at different 
stages in differentiation. Séquencing of 
two of the dispersed families shows 
them to have repeated sequences of 
500 bp at either end. 

M. Birnstiel described continuing 
sequence studies on the histone gene 
repeat unit isolated from the sea 
urchin Psammechinus miliaris. About 
25% of the total repeat unit comprising 
the five histone genes separated by 
spacer DNA has now been sequenced. 
The structural gene sequences agree 
well with those predicted on the basis 
of amino acid sequence, with minor 
differences attributable to the source 
of histone. Parts of the spacers which 
have been sequenced show no repeated 
sequences The HindIII spacer at the 
end of the unit is full of stop codons 
so is presumably non-coding. Some 
(presumably non-functional) initiation 
sequences have also been identified in 
this region. Spacer regions close to 
the 5’ ends of H1 and H2A show some 
very non-random conserved base pairs 
just in front of the Met initiation site. 
These are presumably ribosome-binding 
sites but this is not yet certain since 
they do not resemble the tibosome- 
binding sites identifie? on brome mosaic 
VITUS. 

The next step would be to delete 
various regions of the unit and see how 
this affects function. A possible assay 
system might be that described by 
John Gurdon (MRC Laboratory of 
Molecular Biology, Cambridge) in 
which DNA fragments injected into 
the nucle: of Xenopus oocytes have 
been shown to be accurately trans- 
cribed and in some cases translated. 

Transcription of the human histone 
genes is also being studied in Birnstiel’s 
laboratory. The human repeat unit 1s 
found in a stretch of 145 kb which if 
transcribed together would give a 
polycistronic message of 50S. Such a 
message has been found in HeLa cells 
and appears to be processed to a 9S 
message in the cytoplasm via 17S and 
285 molecules, Control of histofile gene 
expression also appears to be post- 
transcriptional since G2 phase cells 
(when no new histones appear) still 


transcribe messenger. 
Another approach to the study of 
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by coincidertce techniques. 
Ths reaction has recently been 


control of gene expression is to look at ¢ observed by Jahn and colleagues (Phys. 


the organisation of the actively tran- 
scribing regions on spread chromatin. 
C. D Laird (University of Washing- 
ton, Seattle) described studies defining 
transcriptional units on Drosophila 
chromosomés. Analysis of patterns of 
ribonucleoprotein (RND) fibre lengths 
along spargely-fibred regions of actively 
transcribing non-ribosomal chromatin 
suggest specific initiation and termina- 
tion sites for each transcriptional unit. 
Discontinuous patterns of RNP fibre 
length along the transcriptional unit 
have been seen suggesting perhaps that 
the RNP fibres have been partially 
cleaved at some point before transcrip- 
tion is terminated. Contiguous tran- 
scription unstts have been found in 
embryonic Drosophila cells ~ 

The problem of whether the charac- 
teristic beaded structure for chromatin 
is maintained in actively transcribing 
regions is still not completely resolved, 
but the weight of evidence now tends 
to the view that it is not (W. W. 
Francke, German Cancer Research 
Centre, Heidelberg; Laird). O 


. ' g 
Reactjons with 
* 
excited alpha 
* 
particles: “C (a, a*) 
from P. E. Hodgson ‘ 
e 
THERE is now a growing interest in 
using nuclear reactions with unstable 
emitted particles in studies of nuclear 
structure. Among the possible 
reactions, those leading to the emission 
of *Be are the easiest to use, because 
the "Be decays rapidly into two alpha 
particles that can be detected ın coinci- 
dence. Another practicable reaction of 
this type is the (a, *He) reaction, where 
the unstable *He nucleus is detected by 
the coincidence of the protons into 
which it decays (Nature 264, 511; 
1976). Such reactions open up new 
possibilities for nuclear spectroscopy, 
so it is useful to see whether there are 
any more unstable particles that can 
be detected in a similar way. 

One of the possibilities that has been 
recently realised is the inelastic scatter- 
ing of alpha particles with the emission 
in the excited state at 20.1 MeV. This 
is an unbound monopole O* state with 
a width of 0.27 MeV. An alpha particle 
in this state readily decays into a proton 
and a triton, and since the energy 
release is only 0.3 MeV the decay pro- 
ducts are emitted in almost the same 
direction and go can easily be detected 

e 


Rew Lett. 658, 339; 1976). They 
irradiated targets *of “C, “C and O 
with 65 MeV alpha particles and looked 
for protons and,tritons emitted in co- 
incidence. They found definite evidence 
that alpha particles are sometimes 
emitted in the state of monopole exci- 
tation, and in the case of the reaction 
on “C their energies corresponded to 
the reactions that leave the residual 
2 nucleus in the ground state, in the 
2* state at 4.44MeV and*in the 37 
state at 9.64 MeV. The crass sections 
for these reactions are about one- 
thousandth of those of the correspond- 
ing reactions with the emission of alpha 
particles in their ground state. 

Distorted wave calculations Were 
made to see if the observed cross 
sections could be accounted for by 
existing theories. The trahsition matrix 
elements were calculated micro- 
scopically using the particle-hole model 
and also the collective model. The dis- 
torted waves were generated by optical 
potentials fitted to the elastic scattering 
of 6&5 MeV alpha particles. 

These calculations agree quite pelle 


with the absolute values of the experi- 
® 


O* 201 Mey 
Eg*65 MeV 
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do/da { ub7sr) 





g0°* 
Oam 
Differential cross sections for thee 
(a, a*) reaction to the ground states of 
aC, VC and O compared with dis- 
torteds wave calculations using transi- 
tion densities obtained from the 
particle-hole (solid curves) and ,collee- 
tive (dashed curves) models. 
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mental cross sections, but mot very well 
with the details of the angular distri- 
butions, as shown in the figure. This 
discrepancy may indicdte the impor- 
tance of higher rder “effects, in 
particular the two-step reactions that 
proceed through an intermediate state. 

The detection of this reaction opens 
up a new area of nuclear reaction and 
nuclear structure studies, and in pas- 
ticular suggests that it may be useful 
to look for the CHe, a*) and (d, a*) 
reactions as well. 


Tertiary plate 
motions 


from Peter J. Smith 


THE relative angular velocities of the 
Earth’s lithospheric plates are now 
quife well known. The ‘absolute’ 
angular velocities of the plates (that is 
their velocities relative to the meso- 


* sphere) are known much less precisely; 


but if one accepts, with Solomon ef al. 
(Geophys. J. 428 766; 1975), that 
absolute linear velocities can now be 
specified to within 1-2 cm yr™', then it 
is possible to make three statements, 
or groups of statements, about their 
relationships. First, there is a good, 
but not perfect, general correlation be- 
tween the velocity of a plate and the 
fraction of the plate occupied by con- 
tinent; the greater the proportion of 
continent the lower is the velocity. 
At the extremes, predominantly 
oceanic plates have velocities in the 
range 7-10cm yr™ whereas predomin- 
antly continental plates generally move 
at 0-2 cm yr”. Second, plates being 
subducted along a major proportion of 
their boundaries all have high veloci- 
ties. And third, lithosphere in the 
equatorial half of the Earth has a 
higher r.m.s. velocity that that in the 
two polar quarters. 

These three statements give rise, in 
turn, to three questions. Do continental 
plates move more slowly because there 
is a greater viscous drag at the base of 
the continental lithosphere than 
beneath the oceanic lithosphere? Do 
subducting plates have high velocities 
because of a major force exerted by 
the downgoing lithospheric slabs? And 
does the polar—equatorial velocity dif- 
ferential arise because of a connection 
between plate motions and the Earth’s 
fotation? It is tempting to allow cir- 
cumstantial evidence to answer all 
three questions in the affirmative, or 
at the very least to argue that the 


causes. But equally, sich relationships 
could well be coincidental. How, then, 


“can the issue be decided? 


* The ideal way, as Solomon et al. 
(J. geophys. Res. 82, 203; 1977) point 
out, would be “to observe a number 
of global plate systems, each with very 
different plate geometries but obeying 
similar physical laws”. But that is 
obviously not possible; so Solomon 
and his colleagues have done the next 
best thing in studying the behaviour of 
the Earth’s plates as they were arranged 
55 Myr ago. Using the plate boundary 
map for that period already constructed 
by Jurdy and Van der Voo (J. geophys. 
Res. 79, 2945; 1974) together with 
published values for finite plate 
rotations, they first determined the 
relative plate velocities. Absolute 
velocities were ehen calculated, assum- 
ing nọ net torque to be exerted on the 
lithosphere for a series of models 
having driving forces symmetrical 
about the plafe boundaries and a plate- 
retarding viscous drag at the base of 


. the lithosphere. ° 


Needless to say, such determinations 
are more complicated that they are 
made to sound here and involve 
numerous assumptions, approximations 
and simplifications that may later give 
critics cause to make trouble Taken 
at face value, however, the results 
suggest that it may be dangerous to 
invoke particular physical, processes 
purely on the basis of, the behaviour 
of the plates as they are arranged now. 
For one thing, with the plates as they 
were 55 Myr ago there is apparently 
no correlation between r.m.s. absolute 
_linear velocity and the fraction of the 
plafe comprising continent, assuming 
the viscous drag to be uniform at the 
base of both the continental and 
oceanic lithospheres. Nor is there a 
clear division between fast-moving pre- 
dominantly oceanic plates and slow- 
moving predominantly continental 
plates. For example, 55 Myr ago the 
Eurasian plate, 93% of which is con- 
tinent, had a velocity about equal to 
that of the Pacific plate. It is true that 
the Eurasian plate is much slowed 
down if the uniform drag model is re- 
placed by one in which there is drag 
only beneath the continental litho- 
sphere; but not only would the latter 
model violate palaeomagnetic and 
other constraints, it would actually 
produce an increase in most continental 
velocities. 

Fifty-five million years ago, plates 
with major subduction zones were not 
all moving rapidly either. The Farallon 
plate, for example, with a large frac- 
tion of its boundary under active sub- 
duction, was moving at less than half 
of the rate of the fastest (Kula) plate. 
On the other hand, the conclusion to 


relationships indicated by the threes be drawn from the polar—equatorial 


statements have underlying physical 


velocity differential is mpre ambiguous. 
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The differential ‘undoubtedly ‘existed, 
albeit in a much weaker form than at 
present. But whereas the coordinate 
pole giving the maximum equatorial 
r.m.s, velocity is now almost coincident 
with the geographic pole (apparently 
Strengthening the supposition that 
plate motions and the Earth’s rotation 
are linked), it is 60° from the geogra- 
phic pole for the older plate distribu- 
tion. Solomon and his colleagues there- 
fore conclyde that ‘the case for a 
relationship between the Earth’s rota- 
tion and plate velocities is “not par- 
ticularly compelling” at 55 Myr and 
thus, by implication, at present. - 
On balance, then, this new evidence 
suggests that the three original ques- 
tions should be answered negatively; 
and the fact that affirmative answers 
are consistent with current plate 
motions would appear to be a coinci- 
dence. But that is not all, for Solomon 
et al. have also been able to bring their 
analysis to bear on the controversy over 
whether or not the supposed mantle 
plumes from which hot spots are 
derived are fixed in the mantle. By 
comparing their newly-determined 
absolute plate motions with observed 
hot spot traces, they find the fits be- 
tween azimuths to be variable. For 
hot spot traces within the Indian and 
African plates the fits are within ex- 
pected errors, but there are serious 
misfits for Pacific plate hot spots and 
the Icelandic hot spot. In short, not 
all mantle plumes appear to be fixed 
with respect to each other and thus not 
all can be fixed with respect to the 
mantle. yd 


A hundred years ago 


His Majesty, the Emperor of Brazil, 
observed the eclipse of the moon on the 
evening of the 27th, at the Arcetri 
Observatory. The Emperor took a very 
lively interest in the phenomenon and 
discussed with acuteness the hypothesis 
with which Prof. Tempel, the astro- 
nomer, and Prof. Echert tried to ex- 
plain the varying shades and colours in 
which the moon appeared during the 
different phases of obscuration. On 
Monday last his Majesty assisted at a 
meeting of the Anthropological Society, 
when Prof. Mantegazza made some 
interesting remarks on several Maori 
skulls, and Prof. Giglioli read an 
elaborate paper on the ethnology of 
Brazil. » 


From Nature 16, March 8, 416; 1877. 
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review article iii 
Binary X-ray pulsars. . 
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There are nine known X-ray pulsars, which are widely believed to be rotating magnetised neutron 
stars that are accreting matter from their binary stellar companions. The observed pulse profiles 
provide information on the physics of the accretion process. We present representative profiles of 
all nine sources for comparison of general featurés,*and we discuss some of these features in térms 


of the accreting neutron-star model. 


THERE are about 150 known galactic X-ray sources. The most 
widely accepted model, for those sources not associated with 
supernova remnants, involves a compact object (white dwarf, 
neutron star, or black hole) in orbit about a relatively normal 
stellar companion’. The energy source for X-ray emission by 
the compact object is derived from the accretion of matter 
that is supplied by either a stellar wind or critical-lobe overflow 
from the companion? ~. During the first systematic X-ray sky 
survey with the Uhuru satellite, two of these sources were 
discovered to be regularly pulsing: Centaurus X-3 (ref. 7) 
(pulse period P = 4.8 s) and Hercules X-1 (ref. 8) éP = 1.2). 
Evidence for slow pulsation (P ~ 2 min) in another’ sourte, 
GX1--4, had previously been obtained from a balloon observa- 
tion??. For the X-ray pulsars, ıt seems very probable that the 
accreting compact objects are rotating magnetised neutron 
stars tsee, for example, ref. 9 and references therein). 

The Uhuru satellite was most sensitive to X-ray pulsations 
in the period range 0.2-40 s. During the past two years at least 
six other X-ray pulsars* have been discovered. The study of 
X-ray pulsars has been greatly advanced by the Copernicus, 
Ariel Y, and SAS-3 satellites. Table 1 lists the confirmed X-ray 
pulsars and, where kpown, thè optical companion. The Crab 
Nebula pulsar, NP0532, is not included because it is evidently 
not in a binary system and because its pulsar mechanism is 
distinctly different from that of the binary X-ray pulsars. 


Binary X-ray pulsars as an astrophysical tool 

Binary X-ray pulsars provide at least three powerful sources 
of astrophysical information. First, the rotating neutron star 
acts as an orbiting clock that enables the observer to measure 
Doppler effects and thereby determine the size and shape of the 
orbit about the companion star. This orbital information, 
coupled with other supplemental data, enables one to place 
constraints on the masses of both the neutron star and its 
companion star? and on the size of the companion (see, for 
example, ref. 48). These quantities are of interest in a wide 
range of studies from nuclear physics to stellar evolution. 
Second, information on secular changes in the intrinsic pulse 
period can help in the understanding of the accretion process 
near the Alfvén surface (radius ~ 3x 10% cm (refs 2~—5)) that 
surrounds the neutron star. It is at this surface that the dynamics 
of the accreting matter are first dominated by the intense 
magnetic field associated with the neutron star and where the 
spinup or spindown torque on the neutron star is effectively 
applied. Third, a study of tha intensity profiles of the X-ray 
pulsations may reveal details of the final stages of accretion 
onto the surface of the neutron star (radius ~ 10* crn). The 





$ 
pulse profiles may also be a direct measure of the transmission 
of the radiation, produced near the surface of the neutron star, 
through the infallthg plasma. Here we discuss recent pro 
in the study of the pulse profiles of X-ray pulsars. 7 


Pulse profiles ° 
Sample X-ray pulse profiles for the nine binary X-ray pwlsart 
listed in Table 1 are shown in Fig. 1. In all cases, the pulse 
profiles were obtained by integrating over ~ 10? to ~ 10° 
individual pulses. For several of the pulsars, the pulse profiles 
do not change significantly with energy over the range 2-10 keV. 
For others (for example, A0535-+ 26 (ref. 29) and 3U0900 —40 
(ref. 39) the dependence on energy is so strong that we display data 
for one arbitrary narrow energy range only. It now appears that 
for many of the pulsars, the basic pulse profiles and their 
energy dependence are preserved over a time scale of at least 
a year. (The highly variable pulse profiles of GX1+4 seem 
to be an exception (refs 35 and 67). On the other hand, certain 
details, such as a strong secondary peak in Her X-1 (Fig. 1), are 
seen only on occasion. . 

The profiles in Fig. 1 display a wide range of complexity, 
ranging from single smooth intensity maxima to five maxima 
with additional substructure per pulse period. What general 
features do these profiles exhibit? (1) The profiles are all 
characterised by large ‘duty cycles’ that are in the range ~ 
30-100°%. This is an order of magnittde larger than those of 
the narrow pulses observed for radio pulsars**. (2) The modula- 
tion factors [defined as (maximum intensity minus minimum 
intensity)/maximum intensity] all fall in the range ~ 0.5-0.9. 
(3) At least three of the profiles exhibit sharp features. (We 
define such a feature as a substantial change in intensity in less 
than ~ 5% of a pulse period.) (4) The degree of symmetry 
of the pulse profiles varies widely from the nearly symmetric 
shapes of GX301 —2 and A1118—61, which contain two times 
of mirror symmetry per pulse, to the asymmetrit shapes of 
A0535+26 and 3U0900—"40 that contain no symmetry times. 
(5) There is no significant trend in the complexity of the profiles 
as a function of pulse period. For example, the pulse profiles 
of SMC X-I and GX301 —2 are somewhat similar in form, as are 
those of Her X-1 and 3U0900+-40. (6) There is a tendency 
for the profiles of some of the slow pulsars (for example, 
A0535+26 and 3U0900—40) to vary greatly with energy; 
at higher energies (not shown in Fig. 1), these pulse profiles 
become simpler than in the ]~10-keV range. 

We note, as have other workers, the apparent existence of 
a gap in the period distribution of X-ray pulsars, ranging from 
P ~ 5stoP ~ 100s. As of this writing, the gap seems to 
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be genuine within the obvious’statistical limits and is probably 
not an observational effect. s 

$ 

( 
Pulsation mechanisms . . . 
The most widely accepted mtchanism for producing pulsed 
X-ray emission invokes the chanelling of accreted matter to the 
surface of a rotating neutron star by intense magnetic fields 
{~ 10181-10: G (refs 2-5)). For all of the X-ray pulsars, the pulse 
profiles are probably determined by the following parameters: 
the mass accretion rate; the magnetic field configuration near 
the surface (that is, dipole field or fields of higher complexity); 
the relative angles between the rotation axis, magnetic axis, 
accretion disk (if any), and the observer; and the rotation 
period. Aside from obviously determining the pulse period, the 
rotaWoneperiad probably influences the manner in which the 
accretion across the Alfvén surface occurs®®, 

These considerations suggest two explanations for the 
production of X-ray pulsations. The first requires a temporal 
modulation of the accretion of matter onto the surface of the 
neutron star (ref. 51 and M. Rees, personal communication). 
This might occur if the accreting material originates in a, 
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In ‘either case, the emergent radiation must then pass through 
and interact with the infalling magnetised plasma (see, for 
example, refs 52, 55 and 56). Near the bases of the accretion 
columns, the magnetic field strengths and particle densities 
may well be as high as ~ 1017 G and ~ 1074 cm~4, respectively. 
A variety of photon absorption, emission and scattering pro- 
cesses are possible in these extreme conditions (for example, 
free-free absorption®®-**, cyclotron processes®:5?- and aniso- 
tropic Thomson scattering®’-*!), all influenced by the strong 
magnetic field. With the wide ranges of temperature, density, 
and magnetic field strength that probably gccur within the 
accreting matter, the radiative trangfer problem is exceedingly 
complicated and has heretofore been quantitatively investigated 
only for specific scattering mechanisms and in various limiting 
cases of temperature and magnetic field5?:55-56.6?, 

After the radiation has diffused through the infalling medium, 
it should emerge as X radiation and will have an angular 
distribution that reflects both the location of the surface hotspots 
and the radiative transfer through the medium (including pos- 
sible transfer through matter near the Alfvén surface®?-“), 


. This déstribption may, in the first approximation and for the 


Table 1' Binary X-ray pulsars 


Source *Pulse period (s) References Optical companion 
Discovery of Data in ig. I Other observations of 
pulsing pulsation 
SMC X-I 0715 10 10 11 Sk 160 (refs 12, 13) 
Her X-I 1.24 8 . 14 15-21, 66% HZ Her (ref. 22) 
Cefi X-3 4.84 ; 7 23 24-26 and F. Li, unpublished Krzeminskı’s star” 
SAS-3 data. 
A0535 -+ 26* 104 e 28 29 30,31 HDE 245770? (ref. 32) 
| GX] +4 122 33t 67 35 M giant star ?7#:37 
3U0900 — 40 483 ° 38 39 HD Rei I A ie we 
° R ni (rei. 
GX301 —2 696 34 68 J. H. Swank et al., WRA 977 (refs 44, 45) 
prepriħt 
3U0352 + 30 835 46 J. G. Jernigan, ° 7 X Per (ref. 47) 
unpublished SAS-3 * z 
data 
* Transient source. . ° 


t Confirmation of the presence of pulsation was obtatned by White ef al ™, 


stellar wind from the companion star, passes through a shock 
front near the neutron star, and accretes without the formation 
of an accretion disk (see, for example, S. L. Shapiro and 
A. P. Lightman, preprint). The accretion may then take place 
at a variable rate that depends upon the instantaneous angle 
between the magnetic axis and the direction of the stellar wind. 
A temporal modulation of accreted material could also occur if 
an accretion disk surrounds the neutron star and the rotation 
axis of the neutron star is mòt perpendicular to the disk. A 
non-aligned magnetic axis would then cause the accretion disk 
to pass through different magnetic latitudes as a function of 
time®!. In either of these cases the pulse profiles would represent, 
at least in part, the modulation of the rate of matter reaching 
the surface. The former case, however, predicts an orbital- 
phase dependence for the pulse profiles (M. Rees, personal com- 
munication) that has not been observed to date (unpublished 
SAS-3 data). In the latter case, the explanation probably fails 
at least for Her X-1 (which is widely believed to accrete from a 
disk), where pulse structure has been rved on a time scale of 
~ 20 ms (Fig. 1). Since the free-fall time from the Alfvén surface 
is ~ 0.2 s, it ig doubtful that significantly smaller time structure 
can result from temporal modulation of the accretion rate. 

An alternative and more Itkely picture?~—5-5*-5" for producing 
the pulsations requires the funnelling of matter along the 
magnetic field lines to the surface of the neutron star, where 
the released gravitational potential energy heats a small area 
on the surface (~ 1 km?) to extremely high temperatures 
(2 10° K). The radiation from each of the magnetic polar caps 
distribution that reflects both the location of the surface hotspots 
(therg may be more than two) might be apprpximately isotropic 
or it might be beamed by a cyclotron emission process*?, 

< 


case of a simple dipole field, be a function of magnetic latitude 
only. For a more complex magnetic-field configuration, the 
emergent X-ray distribution can depend on magnetic longitude 
as well as latitude. As the neutron star rotates about its axis 
(which is presumably not aligned with the magnetic axis), a 
distant observer will pass over a Fange of magnetic coordinates 
and will thereby observe a corresponding X-ray pulse structure, 
it is immediately evident (Fig. 1) that the complex pulse profiles 
observed for several sources (for example Her X-1, A0535- 26, 
and 3U0900—40) cannot be only the result of scattering and 
absorption in accretion columns associated with a simpel 
dipole field, which would yield profiles with two times of mirror 
symmetry per pulse. 


Conclusions 


Of approximatelye150 galactic X-ray sources, nine are known 
to be binary X-ray pulsars. The list ıs not likely to expand 
quickly to include many of the remaining sources. Numerous 
galactic sources have been searched for regular pulsation over 
a wide range of possible pulse periods with negative results 
(limits on pulsed fraction of a few percent; unpublished SAS-3 
data of S. Rappaport). However, a significant amount of 
information on the nature of binary X-ray pulsars has already 
been developed from studies of the nine pulsars discussed in 
this article. Further observations will probably reveal some 
new pulsars and these will improve the quality of the statistical 
information on the properties°of these sources. For example, 
does a genuine gap exist in the pulse period distribution? Are 
there any systematic ‘trends in the typical pulse profiles as a 
function of pulse period ? 


(wr 
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It is Possible that the futher study of binary X-ray pulsars 


will not lead in the forseeable future to any conclusive under- 
standing of the relevant physics and astrophysics involved. 
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Fig. 1 Pulse profiles for the nine X-ray pulsars that are thought 
to be in binary systems. In each case, the data (Table 1) are 
folded modulo the pulse period and plotted against pulse phase 
for two complete cycles. The approximate pulse periods and 
energy intervals are indicated for each pulsar. Non-source 
background counting rates have*been subtracted. A typical +Io 
error bar, derived from photon counting statistics, is indicated 
for each pulse profile. 
¢ 
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This situation may have already emerged in the study of radio 
pulsars*. It might be argued that because binary X-ray pulsars 
are not isolated objgcts, their physics may be even more difficult 
to unravel than that of radio pulsars.Jt is our belief, however, 
that while the picture is indeed eomplax, we already have a 
sound qualitative idea of the underlying physical processes at 
work in these systems, and the prospects for further significant 
advances in our quantitative understanding are therefore 


encouraging. 

We are grateful to D, Q. Lamb and F. K. Lamb for a helpful 
discussion. We thank P. Hertz for assistance in the preparation 
of Figure 1. This work was supported in part by the US National 


Aeronautics and Space Administration. 
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Distances of the Virgo, Fornax and Hy dra 
clusters of galaxies and the local 
value of the Hubble ratio 


G. de Vaucouleurs* 
Royal Observatory, Edinburgh, UK 


Distances of three nearby clusters of zalanie derived (ref. 12, Table F) is well approximated by a Laplace~Gauss 


from recent observations of the brightest globular clusters integral with mean M(CL) = — 7.2 and o(M)= 1.2 mag 
in the brightest galaxies are now in good agreement with R sucht ee panies a 
other distance indicators and suggest a local value of the ret i MED a 13 of ia < W= it mag (solid ae, 
Hubble ‘constant? H = 86+-9 km s™ Mpc. The latter parameters are adopted in this article. The distance 
ee ee ee ee ee ge scale used by Kukarkin is defined by the_mean magnitude 
RECENT observations have renewed interest in the concept of Of the RR Lyrae variables in 89 clusters My(RR) = + 0.86 
*“the brightest globular star clusters in galaxies as stochastic 


distance indicators subject to size-of-sample effects':?, The . 1 Cumulative luminosity function F = N(CL)M,)/N- of 105 
thorough study by Hanes® of the apparent magnitudes of the actic globular clusters from Kukarkin’s catalogue. The 
brightest globular clusters in 12 of the brightest galaxies soa ie heer a pee aa v(CL) = i 
in the Virgo I cluster facilitates a better determination of the =7.2 and dispersion o(M) = 12 mag; the solid curve wit 
lati d laminosiy functi lati h MACL) = —7.3, o(M)= 1.1! mag gives a better fit of the 
c uster population and luminosity function in re ation to the e ° brighter half of the luminosity function. 
luminosity of the parent galaxy. Smith and Weedman‘ reported ° ° 

very faint objects, probably globular clusters, at magnitudes 1.0 


B œ 23 to 24 and fainter, around NGC 3311, the brightest 
galaxy in the Hydra I cluster. Dawe and Dickens® described 
faint objects, possibly globular clusters, appearing at mag- 
nitudes B > 21.0+0.6(m.e.) around several of the brighter 
galaxies in the Fornax I cluster. = 

In this paper I first revise the basic parameters, M(CL) and 
a(M), the mean and dispersion of the gaussian model used to 
estimate the expectation value M,{1) of the brightest globular 
cluster as a function of the absolute magnitude M,*(G) of the 
parent galaxy. Second, I introduce a new version of the brightest 
cluster method which does, not require successive approxi- 
mations. Third, I derive the absolute distance modulus tt, of 
the Virgo I cluster from Ma(l) in the brightest elliptical and 
lenticular members. Fourth, I derive the distance modulus 
difference He between For I and Vir I from several distance F 0.5 
indicators, including the suspected globular clusters. Fifth, I 
derive an approximate modulus for Hya I from the apparent 
magnitudes and diameters of its brightest members and from 
M,(1) in NGC 3311. Finally, I derive the values of the velocity- 
distance ratio (Hubble ‘constant’) in the directions of these 
three nearby clusters, two of which are well outside the bound- 
aries of the Local Supercluster. The result ‘H = 86-9 km s`! 
Mpc~” is in general agreement with several independent 
estimates?» but in disagreement with others!9-1!. 


Luminosity function of globular 
clusters and expectation value of 4,(1) 
The luminosity function of galactic globular clusters is very 


néarly gaussian (Fig. 1). The cumulative frequency function 
of the absolute magnitudes listed for 105 clusters by Kukarkin 0 
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Fig. 2 obavi and computed absolute magnitude Mp(4) of ` 

brightest globular cluster as a function of absolute magnitude of 

spheroidal component of galaxy M,*(G). Dashed curve 1s from 
statistical theory. 


(range 0.57-1 33) (ref. 12 Table 8). A similar fit of the B-band 
luminosity function gives Mpa == —6. 55 and (Mp < Mz)’ = 
1.1 + 0.05, 

. The derived expectation value M4,(4) of the brightest cluster 
depicted in Fig. 2 as a function of Mg*(G) depends also on the 
relation between the total cluster population N and M,*(G). 
The adopted relation, logN = —0.3 (Mg*(G) + 11.0), is a 
corrected average of those used in refs 1 and 2. It, is rather 
uncertain and further studies will be necessary to establish 
this relation more firmly and to determine whether N depends 
also on other factors. For the present the main justification 
of the adopted relation is its agreement with empirical.data on 

B,(CL) for five galaxies of the Local Group covering-at least a 
magnitude range in M,*(G) (Table 1). Except for the Fornax 
dwarf where statistical fluctuations may be expected because of 


the very small sample (N = 5), the O-C residuals are all within’ 


+0.25 mag which is well within the errors of the data and 
approximations of the model. 


M,(1) —M,*(G) = B(CL) — B;* (G) 
as distance indicator : 


Derivation of the. digtance moddulus from Fig. 2 requires in 
general several successive (but rapidly converging) approxi- 
mations as explained in ref. 1. The need for successive approxi- 
mations is eliminated in a variant of the method using the 
difference of apparent magnitudes between the brightest cluster 
B,(CL) and the galaxy B;*(G) to calculate directly the absolute 
magnitude M,*(G) and apparent distance modulus u = By*(G) 
~~ Ma*(G) of the galaxy. Figure 3 shows the relationship between 
Ms*(G) and Mbi) — Mg*(G) = B (CL) — Br*(G) derived 
from the statistical model and the data in Table 1. 

A convenient linear approximation of the relationship for 
non-dwarf galaxies (M,* < — 16.0) is Š 
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Mg*(G) = — $6.0~-1.20 (Am, — 1) (1) 
where Am, = BCL) + By*€G) > 7. It is because 5M,(1)/ 


5Ms*(G) = 0.2 only that Ma(1)’was iflitially believed to be a 
constant'*-14, Equation (1) can be regarded as an empirical fit of 


the data which applies irrespective of the validity or otherwise of 


the underlying statistical model. 


Distance modulus of the Vir I cluster 

Application of equation (1) to the six brightest E galaxies in 
the cluster, including M87, with < B*(G)>=9.9 and 
< B(CL) > = 20.3, that is, Am, = 10.4, leads to Mg*(G) = 


— 20.1, and Hy = 30. 0 (the brightest cluster magnitude B,(CL) is 
defined statistically by a gaussian fit of the luntinosify fħnc- 
tion!*; it does not depend on the highly uncertain identification 
of any particularly cluster as the brightest. Galaxy magnitudes 





M3(G) 


Fig. 3 Relation between magnitude défference AM, = B,(CL) 

— Br*(G) and absolute magnitude of spheroidal component of 

galaxy Ma*(G). The dashed curve is from theory (o = 1.1 mag) 
ane the linear approximation is from equation (1). 


B;*(G) are taken from ref. 15). The five fainter E and L galaxies 
in the Hanes® study have <B,*(G)> = 10.9 and <B,(CL)> = 
20.8, then Am, = 9.9, M,*(G) = —19.5, and Hs = 30.4. 

This value is preferred because it does not require an extra- 
polation of equation (1) beyond the range of M,*(G) in Table 1. 

The mean error of the distance motiulus i is estimated at 0.3 mag, 
arising from the following components: 0.1 on B,(CL), 0.1 on 
M;(CL), 0.15 on the median magnitude of cluster variables, 

0.15 on the basic datat, and 0.15 from the statistical model and 
related approximations, including neglect of cluster depth. 
The adopted modulus of Vir I from the brightest globular 
clusters is, then, u = 30.4-+-0.3; it is compared in Table 2 with 
estimates by other methods. The disagreement between the 
brightest cluster method and other methods’ has been greatly 


. Table 1 Observed and calculated absolute magnitudes of brightest globufar clusters 





M3(1) 
Galaxy ->> My*(G) (Observed) 
M31* — 19.8 —9.75 
Galaxy. - — 19.0: —9.5 
N205 —15.8 —9.0 , 
N185łt — 14.9: —8.4 
Fornax -512.2 .—8.1 


(O—C) Am, ‘Mz*(G) 

o= l.l CL—G (from equation (1)) 

+0.2 10.05 —19.6, 

+0.2 9.5: —19.0: 

—0.25 6.8 —15.7, , 
0.0 6.4: (—15.3 3 

—0.7: 4.1 (—12.5: 





*M,*(G) for spheroidal component only} s”, 
tBG)= 10.1 (tef. 15), 


u = 24.9, and Biz = 16.5 -40:5 from uncertain V, = 
for average Am(2-1) = 1. 15+0.25 between second and first ranked clusters in N205 and Fornax. 


16.20.45 (ref. 22) and By a = 17.45-+0.05 (ref. 22) corrected 


$ 
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° a Table 2 Apparent distance modulus of the Virgo I cluster 
$c Aaaa 
Source 7 P T Method ptm.e. 
Holmberg” i x Corrected colour-surface brightness of spirals 30.76 
Heidmann et al.’ (Table XX VOD Diameter—luminosity relation for spirals in S-cloud (30.9 +0.5:) 
de Vaucouleurs™ (Tabie 2, 1965 data) Group unes from B(0) and D(0), corrected for size of (30.5) 
. sample ? 
de Vaucouleurs ™ Group distances from B(0) and, D(0), corrected for size of 30.87 4-0.2; 
sample (E cluster r 
(Table A1, 1973 data) è Group distances from B(0) and D(0), corrected for size of 30.51 +0.2: 
sample (S cloud) 
This article - Brightest globular clusters ° *  30.44+40.3 
Weighted mean <p> e 30.65 +0.15 
e 
. Table 3 Distance modulus difference between For I and Vir I clusters e 
Source * Method i Bho 
de Vaucouleurs™ (Tables XXI, XXII) Ratio of mean corrected diameters of E and L ae in 0.52 
š regions VI (Pavo-Indus) and Ha (For D divided by ratio (0.12) T 
of mean (r) rings diameters in region VI and Virgo I (0’.85/1’.25) 
de Vaucouleurs** (Table 2, 1965 data, Group distances from magnitudes and diameters of five (0.8) 
and Table Al, 1973 data) brightest and/or largest galaxies corrected for size of sample 0.68 (EL) 
Dawe and Dickens’ M,(CL) uncorrected for size-of-sample (0.6) (Œ) 
This article Corrected magnitudes and diameters of three brightest 0.97 (EL) 
and/or largest galaxies adjusted for size of sample from RC 2 data” 
eighted mean 0.7+0.15 





+ 
reduced (actually reversed) and all methods now agree within 
their errors with a mean modulus u = 30.65-+-0.15. Correcting 
s for Ap = 0.20 mag of galactic extinction, the geometric 





Table 4 Distance modulus of Hya I cluster 


istute modulus is jp = 30.45-+0.15, corresponding to Method Ho 
A(Vir D = 12.3 (1 +9.07) Mpc. 3 KES aro 345) 33.0 
é i : rom H = 24. 33.0 
Distance modulus difference Auto (Vir-Hya) = 2.55-£0.2: from 3 brightest 33.0 
Sjio between For I and Vir I and largesi © gales : 
Several estimates of Šu, are collected in Table 3; ôu ~ dp, Adepted mean 33.0+0.2 


because galactic extinction is very nearly the same in the 
directions of Vir I (Ay = 0.20 mag) and ForI(4y = 0.21 mag) Modulus po = 31.15+0.2 (u = 31.36), and a distance A 
in spite of the difference In galactic latitudes*®. Considering the (For D = 17.0 (1 0.10) Mpc. £ 
uncertainties of the basic data and underlying assumptions, r r 

the agreement between the different methods 1s rather good; Approximate distance 

the unweighted mean (rejecting low-weight of preliminary modulus of Hya I cluster i 

values in parentheses) is õu, == +0.7+0.15, implying a distance The brightest globular cluster method now agrees with all other 
ratio A(For D/ACVir D = 1.38 (140.07), a geometric distance reliable distance indicators, so an approximate value of A(Hya I) 





Table 5 Mean corrected radial velocities of Vir I, For I and Hya I clusters 





Source : E, L Types All types 
Vatm.e. N Votm.e. N 
a Tammann” 1,141 +60 122 
b G. and A, de Vaucouleurs!’ 1,012471 42 1,054466 97 
c Sandage and Tammann®™?? 1,111475 95 
d This article i 973 +120 21 
Adopted Vir I 1,000 +70 1,100+60 
e de Vaucouleurs™ ý 1,464 +98 12 
f Sandage” 1,527 4 
g This article 1,462 +108 12 : 1,448+89 17 
Adopted For I ° 1,450 +100 1,450 +90 
h Vidal apd Peterson™ 3,233 +228 15 
i San 3,697 7 
j Ths article 3,647 +105 6 3,611 +200 10 
Adopted Hya I 3,650-+100 3,500 +200 
Galaxies of all types in extended Virgo area, including ‘Roberts correction’ for spirals. b, 42 Elliptical and lenticular galaxies m 12° E cluster, 
and 1296+71 from 26 Sa to Scd galaxies ın S cloud; weighted mean is adopted for all . c, 95 Galaxies of all types in 12° classical cluster 


types 
(no correction) d, 21 E and L galaxies in 3° = 0.64 Mpc core of E cluster (12h22 to 12h34, +11°. 4 to +14°,3, 1950), mean is 981 +101 (n = 19) 
if 2 objects with large resaduals (N440§, N4473) are rejected. e, Galaxies of all types in For I area. /,4 E and L galaxies in For I area. g, 12 E, 
L galaxies and 17 of all types in 1°.4 = 0.4 Mpc core of cluster. A, 15 Galaxies of all types in cluster area, inéludes 10 anonymous objects with 


Vo =. 3162.1, 7 Galaxies of all types in cluster (sted as Hya ID, includes 3 anonymous with V. = 4280./, 6 E, L galaxies and 10 of all types in 
0°.5 = 0.35 Mpc core of cluster*. l 
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Table 6 Velocity-distance ratios for Vir I, For I and Hya I clusters s 
pya O A, O 


Cluster SGL SGB V, (km s73) * <A‘€Mpc)* . ‘H’ 
bf e 

Vir I (B) 193° —2° 1,000 (1 +0.07) 12.3.(1 +0.07) 81 (10.10 
Vir I(E+S) 103° —2° 1,100 (1 +0.06) 12.3 (1 +0.07) 89 (1 +0.10 
For I (E) 262° —42° 1,450 41 +0.07) 17.0 (1 £0.10) . 85 (1 +0.12 
For I (E+S) 262° —42° 1,450 (1 £0.06) 17.0 (1 +0.10) 85 (1 -+0.12 
Hya I (E) ‘ 139° —38° s 3,650 (1 +0.06) 40.5 (1 +0.1:) 91 (10.12) 
Hya I (E+S) 139° — 38° 3,500 (1 +0.03) 40,5 (1+0.1:) 87 (1+0.1:) 

° ° Adopted mean 86 (1 +0.10) 


a a a SS Phas a nn sss N A ths Sr PEP gi 


may be derived from the work of Smith and Weedman‘*. From 
their Fig. 2 the apparent magnitude of the brightest clusters in 
NGC 3311 may be estimated provisionally at 22.8 < B,(CL) 
< 238, say B,(CL) = 23.3+0.2 The Galaxy, one of the two 
brightest ellipticals in Hya J, has a total magnitude B(G) = 12.7 
+0.1 (ref. 15); thus Ayn, = 10.6and, from equation (1), My*(G) = 
— 20.3, M,(CL) = —9.7 and u = 33.0. Since M,*(G) for M 31 


and N3311 differ little, a direct comparison of the first-ranked , 


clusters is legitimate; then Ap(1) = 23.3-15.05 = + 8 25 
and ptp(Hya I) = (24.8-0.43) + (8.25-0.38) = 33.0. From a 
comparison of corrected apparent magnitudes and diameters 
of the three brightest elliptical members in each cluster, the 
differential modulus is Ap, (Hya-Vir) = 2.55+0.1: and 
Uo(Hya) = 33.0+0.2. The adopted mean of the values col- 
lected in Table 4 1s uo = 33.0+0.2 and AfHya D = 40.5 
(1+0.10:) Mpc (with a galactic extinttion Ag = 0.38 (ref. 15)). 


Local value of the Hubble ratio 


Recent or new estimates of the mean corrected redshifts of the 
Vir I, For I and Hya I clusters are collected in Table 5. To by- 
pass the controversy ° concerning the equality or otherwise 
of the mean redshifts of the Virgo I E cluster and S cloud, and 
because For I and Hya I are both E-type clusters with dense 
cores, the mean redshift of the 3° = 0.6 Mpc core of ethe 
Virgo E-cluster may be considered more appropfiate fôr a 
direct comparison with the other two clusters. (Also, spirals in 
the S-cloud have a much larger velocity dispersion?® and 
may degrade rather than increase the precision of V5.) 

The comparison is summarised in Table 6 where the values 
of the mean velocity-distance ratio ‘H’ = V,/A are derived 
from the adopted redshifts and distances. It is clear that the 
three clusters are in general agreement with much other evi- 
dence to support a mean value ‘H’ = 86 (1 40.1) kms7! Mpc 


as the proper local average of the Hubble ratio, significantly 
higher than the often quoted values of 57 (ref. 10) to 50 (ref, 11). 
This persistent disagreement underlines the importance of 
current efforts to derive the distances of clusters*more distant 
than Vir I in several directions well away from the centre of the 
Local Supercluster. 

I thank Drs J. A. Dawe and R. J. Dickens for communication 
of their report ın advance of publication, Dr M. G. Smyth for 


‘useful discussions of his recent work, and Dr D. A. Hanes for a 


prepublication copy of his dissertation and his valuable 
criticism. 
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Nile Cone: Late Quaternary stratigraphy 


and sediment dispersal — 
D. J. Stanley 


Division of Sedimentology, Smuthsonian Institution, Washington, DC 20560 


A. Maldonado 


Seccion de Estratigrafia, Instituto ‘Jaime Almerd’, C.S.I C., Barcelona, Spain 


The cyclic nature of Late Quaternary Nile Cone sedi- 
ments is a response to major climatic oscillations, 
including marked changes in sea level, Nile River dis- 
charge and sediment influx and water mass stratification. 
Deposits have accumulated most rapidly north-west of 
the Nile’ Rosetta Branch since the Early Wiirm A 
broad area of low sedimentation on the Cone, initiated 
during the Holocene sea-level rise, is predicted to in- 
crease in size as a result bf the Aswan High Dam and 
modification of Nile River flow. 


THE Nile Cone, largesteof the Mediterranean deep-sea fans, 
has a complex history reketed to the large-scale tectonics 
of the Levantine Basin’ and evolution of the Nile River 
which has served as its major sediment source Deposition 
on the Cone m the Quaternary has differed from that on 
most other large subsea fans in one important aspect, that 
is, sediments cared seaward of the Nile accumulated in 
a relatively small enclosed water body and thus have bten 
extremely susceptible to climatic changes affectmg this 
region. The deposits reoord modifications of eustatic sea 
level, Nile River, ‘headwater migration and flow, physical 
oceanography, including current patterns and stratificAtion, 
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Fig. 1 Chart of the southeastern Mediterranean showing Nile Cone cores examined in this study. EBP, Eratosthenes Basın plain. 
Depth in metres. O, Chain 61; W, Pillsbury 6508; (J, Pillsbury 6510; A, Vema 10; V, Vema 14; A,R. D. Conrad 9; x, Deep Sea 
= Drilling Project. 


‘ i 
and biogenic productivity in front af the Nile. The emplace- 
ment of the Aswan High Dam and near-cessation of fluvial 
input seaward of the deltat? are mow altering the natural 
evolution of the Egyptian Shelf and Cone. The detailing of 
Late Pleistocene to Holocene depositional patterns, of 
which little ts known, is of value-in predicting changes 
likely to occur seaward of the subaerial delta. 

The stratigraphy of the eastern Mediterranean is dis- 
cussed in a number of studies***. Our earlier investigations 
emphasised the nemarkable variety of sediment types form- 
ang the Cone and their cyckc mature’’’’, Here, time and 
spatial variations of the uppermost sedimentary cycles are 
defined. We bekeve this cyohictty records large-scale Wtirm 
to Recent climatic events which have directly affected the 
depositional history of the southeastern Mediterranean. 

This study entails analysis of 47 piston and gravity cores 
(Fig. 1), of about 1-15 m length, from the collections of: 


University of Miami RV PwlIsbury cruise 6508 (15 gravity . 


cores) and cruise 6510 (13 gravity and three piston cores); 
Woods Hole Oceanographic Institution RV Chain cruise 
61 (five piston cores), Lamont-Doherty Geological Obser- 
vatory RV Vema cruise 10 (five piston cores) and cruise 14 
(three piston cores), and RV Conrad cruise 9 (three piston 
cores). Pillsbury and Chain cores are the best preserved. 
Core analysis includes X radiography, size analysis, total 
carbonate and orgamic matter, SEM, clay and sand fraction 
composition. 

A total of 34 Pillsbury core samples provided radio- 
carbon dates (Table 1, R Stuckenr&th, Smithsonian Radio- 
carbon Laboratory, personal communication). Dates were 
obtained from bulk samples about 10-30cm in length. This 
method allows a small amount of core section to be used for 
dating and our tests show that dates so obtained are compar- 
able to those obtained using only the sand-size planktonic 
foraminifera and pteropod fraction (cf. Pallsbury 6510-14 
core section 21-61 cm), X-radiograph analysis reveals that 
sapropel samples selected for radiocarbon dating are finely 
laminated and not contaminated by bioturbation. 

Correlation shows that sequences in the narrow diameter 
(4cm) gravity Pillsbury cores are usually compressed rela- 


tive to those in wider diameter (6.5-cm) piston cores, that is, 
100 cm of piston core equals about 60cm of gravity core 
section (cf. comparative scales along logs in Figs. 2). Piston 
and gravity cores of the same diameter (6.5 cm) may show 
a severse trend, that is, piston core sections com- 
pressed rélative to gravity core sections (C. Summerhayes, 
personal communication). Thickness data from piston cares 
serve as the basis for’ calculating sedimentation rates; thick- 
messes in gravity cores are recalculated to correlate with 
those of piston cores. 


Late Quaternary stratigraphy . | 

Tihe simplified graphic logs of 15 of the 47 cores ‘studied 
in detail are shown in Fig. 2; these ane cares for which 
carbon-14 dates are available.» Two well preserved piston 
cores, Pillsbury 6510-4 (1190 cm long) and 6510-14 (1528 cm 
long), .collected respectively north-east of the Damietta 
Branch (1634-m depth; Fig. 1, core O) and north-west of:the 
Rosetta Branch (2295 m; Fig. 1, core C) are used as types 
sections for the chrono- and lithostratigraphical analysis 
of the Late Quaternary sequence. These cores, colleated 
in two different Cone sectors, show a complete sequence 
of sediment types without any apparent discontmuity. 

‘ The cores on the shelf and upper slope (to about 450-m 
depth) include three major sediment types on order of de- 
creasmg imponrtagce grey homogeneous mud (usually bio- 
turbated), characterssed by pelecypods and other benthonic 
and planktomic components; bioclastsxc neritic calcareous 
sand and gravel (‘maerl’) which display lithological transi- 
tions with the grey mud type; and terrmeenous shelly sand 
and silt, including nearshore and pro-deltaic deposits. Two 
other sediment types, well-represented on the shelf but 
not usually recovered in cores, ane coarse, well-sorted, 
quartzarich sands (reworked relict coastal sediment) and 
calcareous deposits of encrusting algal origin. The upper 
part of cores on the outer shelf and upper slope usually 
displays a distinct neritic cafcareous sand dated between 
about 2700 and 2000 yr b.p. The upper part of cores on the 
inner shelf displays this horizon, and may also show a similar 
calcareous layer of sub-recent to modern age above it near 


ae 
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the cote top (c.f. côre Pillsbury 6508-41, Fig. 2). In mfd- 
shelf cores, a lower , layer of neritic calcareous sand, 
separated from the upper calcareous sand by grey mud, is 
dated at about 16,000 yr b.p. (Pillsbury core 6508-42). The 
short length of shelf cores precludes an analysis of older 
Quaternary facies. 

Cores collected at depths beyond 550m on the slape 
consist essentially of six sediment types: turbiditic sand 
and silt, turbiditic, mud, hemipelagic mud, calcareous ooze, 
orgamic ooze and proto-sapropel, and sapropel (defined m 
ref. 16). Also distinguished is a yellowssh-orange to light 
brown maid termed oxidiged layer (OL); where present, tt 
usually caps a sapropel sequence. Clean, well-sonted quartz 
sands also are present in a few cones on the Cone seaward 
of Rosetta Branch. In both Pillsbury type cores, hemrpelagic 


$ e 131 


has two distinct calcareous ooze layers at tlre top separated 
by hemipelagic mud; it i sometimes difficult’to identify this 
cychothem, but fhe well-defined calcareous layer (Cs) of 
the underlying - thirde cyclathem «delmeates the base of 
cyclothem 2. The third (cytlothem 3) shows a well- 
developed sapropel layer (S) but, unlike cyclothem 1, 


„usually includes a reduced proportion of turbiditic fayers 


below the sapropel. This cychc sequence varies from core 
to core in terms of thickness and absence of some sediment 
types. 

The age of regionally mnpontant stratigraphic horizons in 
the three cyctothems is determined on the basis of radio- 
carbon dating (Figs. 2, 3 and Table 1). From top to bottom, 
the upper calcareots ooze (C) ss about, or somewhat 
younger, than 2,700 yr b.p.; the oxidised layer (OL:) i about 


Table 1 Radiocarbon dates based on bulk sample (except P6510-14P, 21-61 cm) from cores selected in differené physiographic areas of the 
Nile Cone and adjacent areas (G, gravity core; P, piston core; p, pilot gravity core) 


Core Type Depth (cm) Sediment type, 
P6508-34 G 0-8 Calcareous ooze 
100-115 Organic ooze 
P6508-38 G 7-17 Calcareous ooze 
17-30 Hemipelagic mud 
P6508-38 G 14-25 Biogenic sandy mud 
45-60 Grey shallow water mud 
P6508-41 G 24-33 Biogenic san 
P6508-42 G 88-100 Biogenic muddy sand 
P6508~45 G 90-110 Grey mu 
P6510-4 p 25-33 ead ooze 
74-82 careous ooze 
95-105 Calcareous ooze 
P6510-4 P 11-18 Oxidised layer 
21-28 Organic ooze 
51-60 Sapropel 
101-110 Hemupelagic mud 
120-129 Hemipelagic mud 
302--318 Hemipelagic mu 
421-429 Calcareous ooze/hemipelagic mud 
461-469 Organic ooze 
502-518 Hemipelagic mud/calcareous ooze 
z 561-578 Organic ooze 
633-648 Hemupelagic mud/calcareous ooze 
P6510-6 G 40.75 oe ooze 
i 120--142 careous ooze/hemipelagic mud 
P6510-8 G 102-113 Biogenic sandy mud 
P6510-10 G 0-10 Biogenic sand 
90--102 Biogenic muddy sand 
P6510-11 G 11-20 careous ooze 
P6510-12 G “0-20 Hemipelagic mud 
80--95 Sapropel 
P6510-13 G 110-123 Calcareous ooze 
P6510-14 P 21-61 Hemipelagic Naber mud. 
21-61 Hemipelagic (turbiditic) mud 
317-360 Hemipelagic (turbiditic) mud 
531-569 careous ooze/hemipelagic mud 
801-839 Sapropel-organic ooze 
P6510-15 G 100-114 Calcareous ooze/hemipelagic mud 


*Small sample, diluted and counted at reduced pressure. 


mud predominates (about 50% of the totgl core sectton). 
The repetition of sediment types which recur finom bottom 
to top es noteworthy: grey hemipelagic mud—>sapropel and 
organac ooze cakareous ooze. Each complete cycle is de- 
fined as a cychothem™”. Incomplete silt-to-mud turbidite 
ao ocour indisomminately throughout each cyclothem 

ig. 2). 

The upper three cyclothems present distinctive suites of 
lithological characters enabling each to be identified in the 
study area. The uppermost (cyclothem 1) is distinguished 
by an oxidised layer above a well-marked sapropel (S;) 
layer 8-20cm thick, thick orgamic ooze layers above and 
below the sapropel, and a general absence of turbiditic 
layers above the oxidised layer. The second (cychothem 2) 
comprises a poonly developed sapropel (S), and usually 


Radiocarbon date 
(yr b.p.) 
2,795 +75 
9,305+85 
2,320 +70 
e 3,265+70 
2,705 +70 


2,675- +70 
16, 100 +300*° 
10, 375 +290* 

6,665 +295* 
17,200 +275 . 
19,100 +200 a = 

5,785 +90 

6,575 +.160* : e 

8,215+160* 

10,475 +140* 
15,390-+175 
25,875 +480 
28,725 +840 

> 40,000 


Notations A 


Sample too small 


Apparent age beyond theoretical ltmits 
of detection is 45,800 -+- 1300 

> 40,000 Š 

>40,000* ° 
> 40, 000 


6,715+200* 
16,900 + 150 


19,700 +90 


2,630 +70 
4,350 +80 


17,300 +170 
5,985700 
6,325 +700 

22,500 +290 

32,600 +1000 

38,600 -£700* 

18,830 +295 


Apparent age beyond theoretical limits 
of detection is 46,800-+ 1400 


Sample too small 


Sample too small 


Sample too small 


Fraction coarser than 63 pm 
Fraction finer than 63 um 


5,700 yr b.p.; the upper sapropel (Si) ranges in age from 
about 6,600 to more than 8,200 yr b. p.; the calcareous ooze 
(C+) top of the second cyclothem i is dated about 17,000~-19,000 
yr b.p.; the second sapropel (Sa) is about 23,000-25,000 yr 
b.p.; the calcareous ooze (Cs) top of the third cyclothem i is 
dated about 28,000~33,000 yr b.p.; the sapropel (Ss) in this 
cyclothem is roughly dated at 38,000->40,000 yr b.p. The 
top of the fourth cyclothem (C,) os considerably older than 
the resolution of carbon-14 method; a maximum age of 
55,000-58,000 yr b.p. is estimated based on its positiqn 
relative to the overlying dated horizons (Fig. 3, log 1). 

For calculatton of sedimentation cates, the following ages 
in yr b.p. are assigned to the top of the regionally prevalent 
stratigraphic horizęns: OL:=5,700; Ca=17,000; S:=23,000; 
C;=28,000; S:==38,000; and C—55,000-58,000. The 

L 
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sapropel dates correlate rélatively well with radiocarbon- 
dated sapropel sections of someeworkers'". Our sapropel 
2 and 3 dates, however, are much ydwnger than those 
obtained by other techniques: (Ryaa”, for example, attri- 
butes an age of about 80,000 yr b.p. to S which is not con- 
sistent with our findings). 

It is useful to comspgre the combined ditho- and chrono, 
stratigraphical sequence with generalised eustatic sea-level 
curves (modified after refs 19-21). The correspondence of 
cyclothems 1 and 2 with the Bloom eet al. (1974) data is 
generally good, while the cyclothem 3 correlation is not so 
clear cut. The younger, more reliably dated cyclothems 
1 and 2 are initiated with shght offset at times of maximum 
low and high sea levels (Fig. 3). Consideration of the 
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climate optimum, at a time when the ‘rate of Holocene sea- 
level rise had generally decreased. Ç was deposited before 
the increase in temperature that resulted in the Holocene rise 
and probably during a time of slight temperature decrease 
which may also have been reflected m a slight sea-level 
lowering. S: may conrespond to a warmer phase of the Late 
Wisconsin, and at about the same eustatic position as that 
of sapropel Sı, except for generally dower temperatures. Cs 
occurs during a cooling phase from the Plum Point inter- 
stadial, with perhaps lowering sea level and temperatures. 
S, seems to occur close to the chmax of q warmer period. 
The calcareous top of underlying cyclothem 4 may have 
accumulated during a coal phase leading into the Port 
Talbot mterstadial (D. J. Colquhoun, personal communica- 


tG] 
















N=é(G) Oud (P/G) 
TOMM 










AAR? FET “2% id 7 
ae th, 
ES ORY GbE ‘$. TEN yE 






zÈ 
P 
5 
Ó Sos 
e 
7 


28,000 CORRELATION (yr BP) 





38,000 t? 158, 000 


o 
Fig. 2 Correlation of Nile Cone and Egyptian Shelf cores along two transects (position in Fig. 1) based on lithology and radiocarbon 
dating. Cores P6510-4 and -14 serve as types for defining the Late Quaternary stratigraphy in the southeastern Mediterranean. 
a, pot sand and silt; 6, turbiditic mud; c, hemipelagic mud; d, calcareous ooze; e, oxidised layer; f, organic oozeand protosapropel; 
sapropel; A, grey {shalfow water) mud; /, coarse calcareous sand and gravel. G, gravity core; P, piston core, p, pilot gravity core. 


climatic curve based on the Camp Century ice core” 
reveals a good correspondence for cyclothem 1 (warming 
after the Late Wisconsin); cyclothem 2 correlates with the 
Wisconsin II, between the Plum Point climatic maximum 
and the beginning of the Holocene mse; cyclothem 3 
seems to correspond well with the Middle Wisconsin be- 
tween about 30,000 and 58,000 yr b.p. including both Plum 
Point and Port Talbot maxima (DB. J. Colquhoun, personal 
communication). 

Caloareous ooze layers, consistmg of abundant calcare- 
ous nannofossils and Mg-calcite im the form of poorly de- 
fined crystals, seem to develop at times of high and low 
sea-level stands, while the dark organic-rich sapropel layers 
accumulated during phases of rising as well as lowering sea 
level (Fig. 3). The relationship between lithology and the 
Camp Century and eustatig¢ curves suggests the following: 
Cı at about 2,700 yr b.p. may hawe been deposited during a 
time of slight sea-level lowering ang probably cooler 
(Littorina) conditions than earlier. Sı occurs almost 2,000 yr 
after climatic amelioration, and generally within ethe 


tron). In this scheme hemipelagic and turbiditic sedimenta- 
tion should prevail on the Cone at times of maximum sea- 
level changes when major delta front migration and Nile 
input alterations would be expected. 


Sedimentation rate variations in time and space 


The thickness measured between the major dated horizons 
in cores shown in Fig. 2 serves as a means to calculate 
sedimentation rates during six time periods in the late 
Quaternary. Depositional rates are contoured on six charts 
(Fig. 4) using a geometric scale to emphasise regional 
variations; the accuracy of contour line positions has 
been verified by supplemental lithofacies data from 27 
Nile Cone cores collected on RV Chain 1975 cruise 119 
(D. A. Ross and C. Summaerhayes, personal communica- 
tion). The charts reveal significant changes in sediment 
dispersal in the study area from the Early Wirm to the 
present. 

Pow sedimentation rates are recorded during the oldest 
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phase “for which we have reasonable chronological contfol, 
that 1s, from about 58,000 to 38,000 yr BP (G, to S). The 
chart depicts minimaf rates (about 1~16cm per 1000 yr) 
since it is based on a limited number of cores which are 
long enough to recover the C, layer The rates may be 
higher than shown if the age of the C, layer is younger 
than the 55,000-58,000 yr Bp postulated A broad lobe of 
relatively rapid sedimentation is observed on the upper 
Cone seaward of both Rosetta and Damuetta bfanches 
(somewhat higher values occur off the Rosetta Branch). 
Low values occur elsewhere on the Cone, with lowest 
values recorded in the yicinity of the Eratosthenes Sea- 
mount. Deposits in this earliest time span considered 
here probably accumulated during several sea-level 
oscillations (Fig. 3) possibly related to the Port Talbot 


maximum”. We speculate that the calcareous ooze layer 
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and 17,000 yr BP (S: to C. The rates range from 3 to 
>49cm per 1,000 yr, and at this time well over half of 
the area is covtred by sediments deposited at >16cm 
per 1,000 yr, reflecting the-enhamced transfer of matenal 
on to the upper Cone sectors Patterns off the Nile are 
not distinct; low values occur off the Sinai, and two high 


. sedimentation belts occur on the lower Cone, one extending 


SSW from Lebanon south of the Eratosthenes Seamount, 
the other (represented by three isolated areas) between the 
base of the Coneeand the Mediterranean Ridge. The 
patterns, showing the highest rates over the largest areas, 
are related to the last major eustatic low stand when 
prodeltaic deposition extended seaward across the sub- 
aerially exposed sheff and large amounts of sediment were 
transported directly on to the slope. Mass gravityeas well 
as hemipelagic and related suspension transport,mechanisms 
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Fig. 3 Correlation between two Nile Cone stratigraphic type cores (logs 2, 3) and a generalised eustatic sea-level curve modified after 
refs 19-21. Log ! shows the age of stratigraphic horizons and the upper three cyclothems in thousands of years before present; also 
shown is the position of the upper three cyclothems relative to sea level. OL, = oxidised’ layer above uppergnost sapropel sequence; 


e Cı» Cy, Ca, calcareous ooze layers; S,, Sa, Sa, sapropel layers; - - - 


C; (base of cyclothejn 3) was deposited during a low 
eustatic phase (termed the Early Würm”™, although no 
universally accepted sea-level curves are compiled for this 
period) before an interstadial (Plum Point) at about 
30,000 yr suggested “by some workers'?:7!, 

The depositional patterns are more distinct during the 
period between about 38,000 and 28,000 yr (S; to ©). Rates 
range from about | to 26cm per 1,000 yr, and most of the 
area is covered by sediment accumulating more slowly 
than 8cm per 1,000 yr. A lobe of >16cm per 1,000 yr is 
depicted on the Cone seaward of the Rosetta Branch; high 
values also occur off the Israel-—Lebanon margin. This 
pattern developed either during a general] rise in sea-level 
preceding, and perhaps coinciding with, the interstadial at 
about 30,000 yr BP (refs 19 and 20), or during a rising— 
lowering eustatic cycle’ (Fig. 3). 

Rates between about 28,000 and 23,000 yr sp (G to Sa) 
range from 1 to >65cm per 1,000 yr, and are generally 
higher throughout most of the region than in the previous 
period, that is almost half of the region 1s covered by 
sediments accumulating at >16cm per 1,000yr. Two 
well-marked lobes (>32cm per 1,000 yr) occur seaward 
of both branches of the Nile; particularly high values are 
localised off the Rosetta Branch. This pattern evolved 
during lowering of sea level and reflects a steady increase 
of freshwater discharge and* sediment supply from the 
Nile in response to climatie changes affecting the head- 
waters 

Depositional changes are noted between about 23,000 


-| — Curray”; 


— —. — Fairbridge™; -— - — - Bloom et al.™. 


were involved during this period of marked progradation. 

From about 17,000 to 5,700 yr BP (C: to OL) depositional 
patterns once again become better defined. Sedimentation 
rates range from 3 to >88cm per 1,000 yr; about a third 
of the Cone surface 1s covered by sediment accumulating 
at more than 16cm per 1,000 yr, and half by 8cm per 
1,000 yr The highest rates appear channellised on the 
upper Cone and slope, and a relatively narrow NW-trending 
lobe extends from the Rosetta Branch towards the eastern 
part of the Herodotus Basin plain. An east-west zone of 
low sedimentation (<8cm per 1,000 yr) forms on the 
Cone seaward of the Damietta Branch The more restricted 
extent of high sedimentation off the delta reflects a pro- 
gressively decreased input of prodeltaic clastics paralleling 
the landward shift of the Nile depocentres during the rapid 
sea-level rise. This last major eustatic shift resulted in the 
proportionately increased role of hemipelagic sedimentation 
and diminished terrigenéus influx from the Damietta sector 
of the delta 

Sedimentation rates decrease further during the period 
between 5,700 yr Bp and the present (OL, to C). Rates range 
from about 1 to 36cm per 1,000 yr, and most of the Cone 
1s covered by more slowly accumulating sediments (<8 cm 
per 1,000 yr). The highest rates occur on the shelf and 
upper slope, at the foot of the Cone, at the eastern section 
of the Herodotus Basin plairs and in the Eratosthenes 
Basin plain. The general tlecrease of ‘rates away from land 
and absence of dpwnslope channellisation patterns reflect 
the PEMAN role of hemipelagic sedimentation and Teduction 
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of turbiditic mud incursions’ accompanying the stabilisation 
of sea level at about its present stand. The large east-west 
belt of low sedimentation is amplified a$ a result of the 
diminished role of the deltaic: pointe source and relatively 
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Mediterranean reflects the interplay of sedimentation with 
highly variable climatic'®’°” , physical oceanographic” and 
biogenic against terrigenous input factors ın a quasi-enclosed 
silled basin. The core data presented here establish a 


th tl li G 
hj ee is: 


a. 


Rig. 4 Charts showing sedimentation rates (in cm per 1,000 yr) on the Nile Cone and adjacent areas during six periods in the Late 
Quaternary? The stratigraphic horizons used for correlation are shown in Figs 2 and 3. Explanation in text. a, OL,-C, (5,700—present); 


b, Cy-OL, (17,000-5,700); c, Sy-C, (23,000-17,000); 


d, C3-S, (28,000-23,00); e, S.-C, (38,000-28,000); A CS, (58,000~38,000). 


Bloom et al.?!. 


greater importance of lateral suspensate transport and 
smoothing by predominantly east-west trending surface 
water flow above the Cone”. 


Discussion 
Thee-orderly and repetitive nature of* Late Quaternary 
sediment types on the Nile Cone and adjacent south-eastern 


time-framework for the upper three cyclothems, and 
provide support for the previously suggested hypothesis 
that the cyclic nature of major lithofacies in this region 
is a direct response to climatic factors! Specifically, we 
show that cyclothems correspond closely in time with 
either major eustatic rise or lowerings of sea level, and 
thas the beginning of each new cyclothem appears slightly 
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offset delayed) from the beginning- of an oscillatidn 
(Fig. 3). i 

The dated calcareous ooze layers were deposited prinrarily 
durng cooling temperatures and lowering sea-level stands. 
Several radiocarbon - dated samples of magnestum-rich 
layers in other eastern Mediterranean cores (ref. 29, their 
Table 3) correspond in age to Nile Cone calcareous ooze 
horizons C. and C; adentified here. Similar calcareous ooze 
layers of about the same age also are recorded fn the 
western Mediterranean”. The sapropels, on the other hand, 
accumulated during periods of msing or lowering sga level, 
and not at times of highegt or lowest stands. Earkter work 
suggested they were deposited primarily duning warmmg 
trends of climatic curves’; our study indicates they ac- 
cumulated during early stages of temperature maxima. 
Sapropels record repetitive phases of stratification and mear- 
bottom stagnation®:’**:*"?_ Tihe general sapropel deposi- 
tional model is characterised by (1) layering of water 
masses, (2) stagnation of bottom water with the formation 
of H.S-rich zones and (3) seasonal (winter-summer) or 
periodical changes (eustatic-related upwelling and vertical 
mixing of water), all of which favour the development and 
preservation of varve-like bedding’. The oxidised layer 
found above the sapropels, the third cyclothem Hthotype 
related to climatic and oceanographic phenomena, marks 
a return to oxygenated bottom-water canditions, 

Tihe time and spatial changes an sedimentation rates show 
the degree to which deposition has been directly affected by 
the Quaternary climatic—eustatic oscillations. The period of 
overall highest sedimentation occunred between about 
28,000 and 17,000 yr BP; at is during this time span (last 
major Wurm regression) that cyclothem 2 was deposited. 
As sea level dropped and Neale River discharge patterns 
altered, an increasing volume of resuspended sediment was 
transported across large sectors of the delta front, including 
both the Rosetta and Damietta branches, and moved sea- 
ward directly on to the Cone. Durning this period sedimenfa- 
tion rates over large areas of the Cone are roughly equival- 
ent to the high, long-term average rates (>30cm per 
1000 yr) previously postulated’’** for this and other sub- 
marine fanst Y during the Pleistocene. At times of rising 
sea devel, sediment patterns on the Cone (cyclothems 3 
and 1) show more restricted zones of sediment influx locah- 
ised seaward of the Rosetta Branch, and an extensive east- 
west belt of low sedimentatton over the central and eastern 
sectors of the Cone The latter records the diminished input 
from the delta and fhe relatively ancreased importance of 
suspsnson processes and regional smoothing by currents 
responding to large scale water mass flow over the Cone. 
As might be expected, lowest depositional rates are recorded 
at times of mgh sea-level stands, such as exists at present 
when the influx of the Nile is at a minimum due to the 
submergence of the Egyptian Shelf, landward regression of 
the prodelta lobe away from the shelf edge, and reduced 
freshwater discharge. 

The most important-zone of accretion on the Cone dur- 
ing the total time span (58,000 yr) considered here forms 
a SE-NW lobe which extends seaward pf the Rosetta 
Branch toward the eastern part of the Herodotus Basin 
plain. The broad, highly dissected SE-NW trending belt 
east of this depositional tongue and north of the Damietta 
Branch’ does not seem to have had a significant role 
in downslope channellisation of sediments during the Late 
Pleistocene-Holocene and even may have served as a 
barrier to the northward and northeastward transfer of 
clastics from the delta. l 

The Late Quaternary cyclothemic patterns of the type 
defined here occurred through much of the earlier 
Plesstocene, and possibly Pliocene, development of the Nile 
Cone and, if carefully documented, these older cycles may 
identify climatically-imduced changes back in time. The 
stratigraphic generalisations can also serve to predict the 
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future evolution of this submarine fan. In this respect, the 
emplacement of the Awan High Dam and cessation of 
surplus Nile flood water discharging through the delta mouth 
is bringing to completion a process’ initiated with the rapid 
Holocene rise of sea level, that‘is, thé reduction of seaward 
transported riverborne sediment. The present artificial 
e closing-of-the-faucet’ phenomenon has markedly altered the 
nature of suspended sediment and nutrrents seaward of the 
delta and reduced the volume of maternal likely to reach 
the shelf edge. Immediate predictable results include 
lowered depositional rates on and beyond the shelf and a 
broadening of the east-west belt of low accretion on the 
Cone 
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The argument is advanced that the interception of par- 
ticles settling within the water column provides a means 
of monitoring and understanding basic ocean processes. 
Geochemical and biological measurements on precisely 
dated bottom sediments and on preliminary recoveries 
from particle interceptor-traps provide supporting 
evidence. 


e 

ATTEMPTS to monitor and comprehend complex natural 
systems such as coastal seas and central oceans are 
characterised by the study of accessible parameters. These 
parameters are a priori presumed to be of importance, 
and it is further implied that a synthesis of accumulating 
information will eventually provide a sufficient description 
of tħe entire system. 

Major problems, in scaling arise if the relationship of 
discrete sampling to the continuous and long-term operation 
of natural systems is considered. In the case of the ocean 
this usually translates into the intermittent and non-synoptic 
measurement of a number of classic factors (such as 
temperature, salinity, major nutrients, chlorophyll, certain 
phytoplankton and zooplankton species, nekton and 
currents). These meas@rements are made at a number of 
point locations usually for very short periods, and extra- 
polations to the seasonal and longer-range character of the 
ocean are attempted In such a situation, though there 
occasionally may be an overwhelming number of samples, 
there is seldom sufficient information. 

An alternative to increasing the number of measurements 
to gain sufficient data is to enlarge the scale of each 
measurement, making each observation representative of a 
relatively large area and significant period of time. 

e 


High-resolution bdttom sediment records 


Study of marine bottom sediments as a record of the 
overlying ocean is a long-standing and continuing’ approach 
to increasing the scale of measurement. The apparent 
advantage of bottom sediment study is the access to 
material representative of prehistoric times, and were the 
open ocean and coastal seas unaffected by human activities, 
this would be the dominant attraction. If we are concerned 
with contaminant metals and hydrocarbons in the present 
marine environment, however, this proposition requires 
elaboration. The coastal sea lying directly off southern 
California ig an important and convenient region on which 
to centre discussion. 

The four nearshore coastal basins (Santa Barbara, Santa 
Monica, San Pedro and San Diego) adjacent to the southern 
California coast fall midway along a broad southward- 
flowing body of water known as the California Current’. 
The Santa Barbara, Santa Monica and San Pedro basins 
have impoverished bottom’ fauna zones as a direct result 
of their sills intersecting a dissolved oxygen minimum in 
the water column’, and as a conseqhence, a virtually 


undisturbed sequential record of sedimentary phases 
accumulates. These basins, particularly Santa Barbara in 
the north, contain the greatest amount of information to 
be found in any sediment deposit, and this information 
can be resolved on time scales approaching 1 yr. 

Utjlising techniques that include box-coring devices that 
consistently obtain the exposed sediment surface, verification 
of surface sediment recovery through the presence of excess 
aTh, and stratigraphic dating by varve and "Pb 
chronology‘, detailed historical studies have been performed. 
In the Santa Barbara Basin sediments, these studies include 
common leag and its isotopic ratios’, mercury* and the 
halogenated hydrocarbons, DDE and PCB (ref. 7) Metals 
including Pb, Cr, Cd, Zn, Cu and Ag have been analysed 
in the surface and near-surface sediments of the three 
suboxygenated basins’. Such studies not only provide a 
considerable perspective into baseline levels and subsequent 
anthropogenic increases of certain elements (Fig. 1a) but 
also most certainly indicate the sensitivity of sediments as 
an index to changes in the chemistry of the marine 
environment, 

“The ° range of factors available for examination in 
sediments is not limited to chemical considerations. 
Formation of a detailed chronological framework in 
sediments such as those of the Santa Barbara Basin gives 
a view of the long-term operation of the overlying biological 
system. This view is limited both by incompleteness of the 
sediment record and by the investigational effort needed 
to decipher the record, but is nonetheless remarkable. As 
an example, it has been found that fish scales of the two 
historically dominant pelagic species (Pacific sardine and 
northern anchovy) accumulate in ethe Santa Barbara 
sediments, and the accumulation is closely and directly 
related to fishery-derived population estimates for the entire 
southern California region”. This relationship leads to an 
estimate of the variation of fish biomass in past times 
(Fig. 15) and also suggests that presently depositing scales 
are a likely index to present productivity. 

A second instance can be drawn from the study of 
diatom assemblages in these same sediments. If the com- 
bined absolute abundances of a number of diatom species, 
thought to be indicative of warm subtropical waters, are 
compared through time to an index of California summer 
surface temperature, it seems that the two records are 
significantly and directly related’. 

It should be noted that there is internal evidence that 
information derived from basin sediments applies to a 
considerable areal scale. Studies of the relationship of 
regional rainfall patterns to sedimentation (A.S. and 
P.A.C., in the press) demonstrated that individual laminae 
in the Santa Barbara sediments often have sufficient 
morphological character for them to be traced between 
cores 5km apart. This is pne indication that horizontal 
forces operating in the water column can effectively 
disperse and homogenise sediment over large areas; further- 
more, in the basin regions off southern California the 
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Fig. 1 Tıme series records from 
dated sediments off California. 
a, Lead? in the San Pedro Basin (O) 
and mercury® and DDE (ref. 7) in 
the Santa Barbara Basin (D and © 
respectively). The  salt-corrected 
dry sediment concentrations of Hg 
and DDE are given, in parts per 
billion, and Pb as a ratio of 
Pb/AIlxX10—~ Other metal values 
for the Santa Barbara Basin 
{970-71 surface sediments® pare: 
Mn/Alx10—, 51; Fe/Al, 6.63; 
Ni/Al x 1077, 7 3: Cr/Al x 10, 28; 
Zn/Al x 1074, ~25, Co/Alx 107, 
3.4, V/Al x 10, 44; Cu/Al x 1074, 
8.32 and Pb/Alx10—', 6. Corres- 
ponding values for metals in sedi- 
ment recovered from a particle 
interceptor-trap deployed 100 m 
below the surface in Santa Barbara 
Basin during October 1971 are: 
Mn/Alx107!, 63, Fe/Al, 0.64; 
Ni/Al x 107, 4 5; Cr/Al x 104, 22; 
Znj/Alx 10-4, 107; Co/Alx 1074, 
15; V/AIx 1074, 16; Cu/Al x 10+, 
13; and Pb/Alx10~, 16. b, 
Northern anchovy biomass esti- 
mates’ (1), Pacific sardine biomass 
estimates#*(), and combined 
pelagic fish biomass estimate 
(northern anchovy, Pacific sardine 
and Pacific hake) (©) derived 
from fish scale deposition in Santa 
Barbara Basin". 
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parameter values found in a reliable and documented core 
are generally good measures of any other relftable core 
recovered from the same basin, and overall the sedimenfa- 
tion of b.ogenic and terrestrial debris provide sensitive 
indices of regional climate, productivity and poilution. 


Particulate sediment in the water column 


If the bottom of the sea everywhere were similar in 
character to the Sanf’ Barbara Basin, there would be 
little need of further elaboration. Varved sediment, 
however, 38 quite rare and Santa Barbara is the only known 
location in the coastal seas off the mainland United States. 


Fig. 2 Empirical configuration of particle inter- 
ceptor-traps Cross-section diagram of closed cell 
and communicating cell array with, horizontal 
water flow. Provided cells are closed at the bottom 
(or in the case of communicating cells the length (/) 
is at least four umes the width (w)) and the cell 
walls are rigid, a quast-stable boundary regime will 
be maintained at the cell mouths. Steady hori- 
zontal flow (u) will exhibit some drag effects to 
about I/S w above the cell mouth; however,, 
depending on the current velocity, penetration of 
drag-induced vertical movement ceases at 1/5 w or 
less into the cell mouth. For cell widths on the 
order of | cm or less, even with reasonably high 
current velocities (30 cm s7 highest observed in 
tank), frictional drag will not induce horizontal 
currents or vertical turbulence within the cells In 
effect the water inside the cells, though still in open 
diffusional continuity with the overlymg flow, 1s 
isolated, and, only settling particles (and small 
organisms capable of swimming) may enter and 
accumulate in the cells. Since the cells are isolated, 
abiotic agents can be incorporated apd maintained 
as a relatively denser brine at the bottom of the 
cells to minimise post-depositional grazing and 
bacterial effects. 
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Although there are significant occurrences of laminated 
sediments within the Gulf of California, Mexico and the 
coastal seas off Peru, South Africa and Pakistan—India, 
the bottom sediment records that do exist are for the most 
part thoroughly mixed by benthic organisms and have low 
to moderate rateg of deposition (f-100cm per 1000 yr). 
Resolution 1s thereby limited in such accumulations to 
time scales greater than 100 yr. 

Direct colfction of sediment particles in the water 
column is a means of obtaining information reaching the 
sediment surface, with potentially higher resolution than 
most bottom sediment records. Particulates may be directly 
filtered from the water column by nets” or from water 
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samples". Such collection» provides a measure of particle 
concentration” but suffers from æ low yield and the high 
variability of non-synoptic point sampling. It seems that 
systematic collection of particulates by filtration would be 
a useful but limited emonitbring strategy. 

Interception and collection of sediment in gram amounts 
amd direct assessment of particle flux is possible through 
the emplacement of particle interceptor-traps within the 
water column. In conditions of horizontal current flow 
these devices can, in effect, locally cgeate a hydrodynamic 
environment” similar to that found at the sea floor and 
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aħd temporary deposition. Particle interceptor-traps placed 
near the bottom in such areas „can only be used to 
qualitatively describe sediment in transit. Quantitative 
collection can ideally be carried out in the waters lying 
above deeper (> 250 m) basins and gently sloping regions 
of permanent sedimentation. 

Alternatively, the use of particle interceptor-traps is not 
limited solely to the estimate of particle flux in a long term 
monitoring context. For example, if concurrent with the 
interception of particles, the in-the-water particle con- 
centratjon is measured, then, provided the concentration 





+ ® e 
Region Tıme down 
Santa Barbara Basın 
o 314 N; 120°01'W 
depth 580 m 
May 1969 150 m below surface r 50 
30 m above bottom 50 
December 1969 10m above bottom 85 
October 1971 100 m below surface . 340 
10 m above bottom 8 
October 1973 150 m below surface 810 
10 m above bottom 810 
e 
San Pedro Basin 
33°30/N; 118°22’W 
depth 890 m R 
mo May 1972 150 m below surface 640 
° 10 m above bottom 640 
Soledad Basin® i 
25°15 N; 112°41°W 
depth 520 m 
May 1969 150 m below surface 50 
180 m below surface 50 
40 m above bottom 50 
10 m above bottom 50 
October 1973 150 m below surface 590 
#0 m above bottom e 590 


Table 1 Dry sediment accumulation in particle interceptor-traps (615 cm*) 


Dry sediment yield j Yield as fraction 


(g cm~* yr) of long term bottom 
sedimentation rate* 

0.02 0.22 

0.03 0.33 

0.17 1.90 

0.08 0.88 

0.09 1.00 

0.03 0.33 

° 0.06 0.66 

0.01 0.36 

0.01 0.36 

e 0.05 1.28 

. ° 0.02 0.51 

° e 0.03 0.77 

0.03 0.77 

0.01 0.27 

0.30 7.70 





*Bottom sedimentation rates?*: Santa Barbara, 0.989 g cm~! yr; San Pedro, 0.028 g cm~? yr-!; Soledad, 0.039 g cm~? yr—. 


thereby induce sedimentation. The critical features of a 
sea-floor boundary region can be produced by a horizontal, 
open-top/closed-bottom cellular array (Fig. 2). 

Sediment trap configurations that have been used in 
lakes are essentially: open-top standing tubes 5-i5cm in 
diameter. Such configurations, and indeed many others, 
are well suited for particle collection provided there is 
little or no horizontal current movement and the particles 
have a relatively fast settling velocity. In the sea, where 
near-bottom flow may average 1-5 cms™* and on occasion 
exceed 25cms", the cellular grid array would seem to 
be more in harmony with the conditions of sedimentation. 
The situation can perhaps be visualised if the path of a 
diatom frustule settling at about 1 m h™ and being carried 
along in a 2-cms'' horizontal c@rrent flow is considered. 
In this case the tangent path of the diatom will form a 
vector angle from the horizontal of less than 1°. Further- 
more, the grid array configuration facilitates the practical 
engineering of collecting surfaces of Im’ or greater 
necessary to yield sufficient material in the relatively slow 
sedimentation regime of the ocean”, 

It must be stressed that grid arrays acting as particle 
interceptor-traps provide a measure of particle flux and, 
as such, cannot evefywhere provide a meaningful measure 
of sedimentation rates. In nearshore ang shallow (less than 
100m)*regions there may be considerable resuspension 


is reasonably stable, dividing the particle flux (ML “T *) 
by the particle concentration (ML™) gives an estimate 
settling velocity (LT™’). 

Since an initial attempt’, we have used particle 
interceptor-traps of 615 cm’ for preliminary studies off the 
coast of California These traps were routinely deployed 
on free drop systems” consisting of a radio and sight mast, 
connecting lines of varying lengths, subsurface flotation 
packs, particle interceptor-traps, timed-release devices and 
ballast. The system is released from the ship in the stated 
order and settles to the bottom with traps positioned from 
10m above the bottom to 100m below the surface. After 
a preset time, fhe release closes the traps and releases the 
ballast or radio mast allowing the system to rise to the 
surface, In nearshore and other areas of good navigation 
a less expensive though more vulnerable system can be 
arranged with a surface marker buoy. Alternatively, an 
expensive though relatively more efficient arrangement is 
possible using telemetering acoustic recall devices. 

Results that may be useful in considering particle 
interceptor-traps as a monitoring tool are as follows. The 
dry sediment yields for a number of drops are given in 
Table 1. The values for 108-150 m below the surface traps 
were 0.01-0.08 g cm” yr. These projected values range 
from 0.22 to 1.28 times the underlying long term bottom 
sedimentation rates. The corresponding values for the 
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10—40 m° above ‘the bòttom traps are 0.01-0.30 gcm™ yr“ 
and 0.33-7.70 times the bottom sedimentation rate. One of 
the extreme bottom values (Santa Barbara, December 1969) 
has been interpreted in conjunction with hydrographic 
observations as being due to a density flow deposit 
(turbidity current)’. The metal composition of sediment 
recovered from the Santa Barbara, October 1971 drop is 
given in the legend to Fig. Ia. Although these traps were 
not especially cleaned for metal investigations, with the 
exception of zinc, comparison of trap metal values and 
metal values of surface sediment in the same year,are in 
general agreement. ë 

Major seasonal differences in the aspect of intercepted 
sediment have been observed. In the Santa Barbara Basin, 
winter precipitation and storm wave activity lead to dis- 
tribttion and sedimentation of land detritus. Direct 
transportation of land detritus to the central basin region 
has been inferred as likefy from the collection at 100m 
of an essentially clay—silt sediment in the October 1971 
trap. This trap was deployed 2 weeks before a substantial 
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truly used as quantitative instruments in. the marine 


environment. e 


Monitoring the seas ~“ ° 


It is difficult to devise a predictably successful monitoring 
strategy in the marine environment, for we consistently 
minimise the intricate nature of the æa and exaggerate our 
capabilities. Few programmes have ever set out to study 
persistently and record a substantial part of any marine 
environment; none håve lasted intact much more than a 
decade. 

If we are to assess the effects of future assaults on the 
seas and oceans, we,must begin now to record marine 
conditions. We must monitor the chemical condition of the 
sea, paying close attention to the pathways ahd f&te ‘of 
heavy metals, anthropogenic hydrocarbons and artificial 
radionuclides. We must monitor the biological condition of 
the sea, trying to understand or at the least appreciate the 
fluctuations in productivity and species composition that do 


occur. 
e 
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Table 2 Estimated numbers of faecal pellets accumulating in partıcle interceptor-traps (50-h collection) 





Region > 500 
SantaBarbara Basin s 
May 1969 150 m below surface e» 600 
40 m above bottom 40 
Soledad Basin 
May 1969 150 m below surface 0 
10 m above bottom 35 


and first rainfall of the season (previous rainfall 6 months 
before) and was recovered 2 weeks after. Delayed dis- 
tribution of land-derived detritus has been documented”. 
Sediment initially deposited on the shelf adjacent to the 
basin is progressively mobilised by subsequent storm waves 
and disperses towards the central basin on pycnocline 
surfaces near the ‘'100-m depth. Sediment’ observed 
accumulating in traps deployed during the rainy season 
closely resembles the,bulk composition of the Santa 
Barbara bottom sediments in that it is made up of clay 
flocculates with abundant silt particles. In contrast to 
winter deposition, material acoumulating in the traps during 
the spring and summer seasons may on occasion differ 
substantially in appearance As an example, in May 1969 
in both the Santa Barbara Basin and the Soledad Basin 
almost the entire fallout was made up of faecal pellets. 
The pellets contained no recognisable microfossil skeletal 
fragments ın any of the size fractions (Table 2), and the 
percentage of organic carbon in these samples (18-20%) 
would indicate a transfer to the bottom of both basins at 
that time of about 0.2 g carbon m~” d™. 

In all seasons abundant and representative biogenic debris 
accumulate in particle interceptor-traps. Fish scales, pelagic 
molluscs, foraminifera, radiolarians, silicoflagellates, diatoms 
and coccoliths have all been observed. As a specific example, 
the group of warm-water indicator diatoms referred to in 
the bottom sediment discussion were well represented in 
both the surface and bottom traps deployed in October 
1973. It is not possible to relate isolated monthly trap 
measurements to general temperature information, as little 
is known about seasonal differences in species abundance 
and productivity of diatoms off California. But the flux of 
diatoms, in October 1973 projected for the entire year falls 
within the measured bottom sediment distribution. Further- 
more, it should be stressed that all the above results are 
preliminary and indicate that particle interceptor-traps must 
be calibrated through year-long: studies before they can ge 


Particle size range (um) 
e 


500-246 246-124 124-24 Total 
6,000 6,000 30,000 42,600 
2'200 5,000 24.000 31/200 

50 6,600 ~33,000 ~40,000 
20 2'800 ~20,000 ~23,000 


We feel that a unified monitoring of coastal seas and 
central oceans commensurate with available resources and 
a common responsibility for the future should soon exist”. 
Such an undertaking should involve a number of strategies. 
We contend that the interception of sediment particulates in 
conjunction with bottom sediment studies constitutes a 
major approach. 

This report js a contribution of the Marine Life Research 
Group of the Scripps Institution of Oceanography. We 
thank the NSF for finance, and Professor J. D. Isaacs for 
criticism and support. 
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T. he polypeptide chain of the acid protease penicillo- , 


pepsin folds yia an 18-stranded mixed B-sheet into two 
distinct lobes separated by a 30-A long groove which is 
the extended*substrate binding site. The catalytic residues 
Asp-32 and Asp-215 are located in this groove and their 
carboxyl groups are in intimate contact. Alignment of 
the amino acid sequence with that eof pepsin shows 
regions of high homology. 
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ACID proteases are important ig many diverse biological 
functions’. Fungal enzymes have been. investigated as 
potential replacements for chymosin, the acid protease from 
calf stomach used ın cheese production, owing to an ever in- 
creasing shortage of rennet. Acid proteases are also used in 
the preparation of fermented products from rice and soy- 
beans. In mammals acid proteases function not only as 
extracellular digestive enzymes (pepsin, gastricsin) but also 
have a role intracellularly in protein turnover (cathepsins D 
and E (ref. 2)) and in the control of blood pressure (renin, 
the angiotensin-releasing kidney enzyme’). , 

Although chymosin has been used as an enzyme solution 
(rennet) for as long as 6,000 yr and although the first X-ray 
photographs taken of a protein crystal were those of pig 
pepsin‘, the study of the primary and tertiary structures of 
acid proteases has been slow. The compiete amino acid 
sequence of only pig pepsin’ is known and a preliminary 
communication’ on its terțjary structure at 2.7-A resolution 
has been published.e Low resolution structures of two 
microbial acid proteases, one from Rhizopus chinensis’ and 
the other from Endothia parasitica’, have also been de- 
termined, but no detailed description of the polypeptide 
chain conformation for acid proteases has been published. 

Penicillopepsin, the extracellular acid protease from 
Penicillium janthinellum, is an evolutionary homologue of 
pig pepsin and chymosin’ as judged from a comparison of 
partial sequences. In addition, its specificity and catalytic 
mechanism are very similar to those of pig pepsin’. An 
aspartic acid residue important ir? the catalytic mechanism 
has been identified in a sequence which is nearly identical 
to one of the active site sequences of pig pepsin’ *, 

We present here the first high resolution structure of an 
acid protease in which the complete polypeptide chain can 
be traced unambiguously. The studies of the structures of 
the various acid proteases that are currently under way will 
demonstrate whether or not all these enzymes are homo- 
logous and belong to a single enzyme family such as the 
alkaline serine proteases”~*’. Similarities and differences in 
their structures should also thelp to, delineate specific 
meehanssms and substrate specificities. "Our description of 





penicillopepsin at 2.8-A resolution shows features which are 
likely to be common to many enzymes in this family. 


Crystallography 


Preliminary data for penicillopepsin crystals (monoclinic, 
space group C2, ceH dimensions, a = 97.38(8), b = 46.62(3), 
c = 65.39(6)* A, B= 115.4(1)°) from 2.5 M LiSO, 0.1M 
sodium acetate, pH 4.4 were reported before”. A low re- 
solution structure at 6 A has also been described**. We used 
data collection and processing techniques described in the 
structural studies of the B protease from Streptomyces 


Fig. 1 Phasing power of the eight heavy-atom derivatives used 
for the MIR phase determination of penicillopepsin. The ratio of 
r.m.s. |f| to r.m.s. |En! and the figure of merit (m) are plotted 
‘as fufictions of sin*6/A*. O, Uranyl acetate; A, Pt(NH,),Cl,; x 
double* derivative (Pt + U); @, mersalyl; O, K,Hel,; W, 
K,U0O,F,; A, phenylmercuric acetate; ©, IrBr;. 
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Fig 2 a, Stereoview of 10 sections (1-A spacing) of the electron density map of penicillopepsin in the region of the catalytic site. The 

sequence numbers (see Fig.3) are placed close to the side chains in this figure. The close contact of the carboxyl groups of Asp-32 and 

Asp-215 is in the central portion of the figure and the extended substrate binding groove lies below (in this figure) the active centre region. 

b, A tentative interpretation of the electron density in the vicinity of the active site of penicHlopepsin. The carboxyl groups of Asp-32 and 

Asp-215 are approximately coplanar and share a proton as shown. Asp-32 is involved with two additional hydrogen-bond interactions, 

one to Ser-35, the other to the main chain NH of Gly-21% Asp-304 is an internally buried side chain and is involved with a hydrogen 
bonding interaction to the main chain C = O of Thr-216, 


Ig 


griseus”. The crystals of penicilopepsin were sufficiently 
stable to radiation damage in the X-ray beam to allow the 
collection of the complete 2.8-A sphere of data (6,700 
independent reflections) from a single crystal®of the native 
enzyme and each isomorphous heawy atom derivative. The 
maximum loss in intensity of the monitor reflections was 
between 3 and 13% for the various crystals. 

Eight heavy-atom derivatives were used to determine the 
phase angles for the reflections from the native crystals. 
The heavy-atom binding sites were identified either on 
difference Patterson maps or cross-phased Fourier maps 
which made use of the protein phases available from the 
6-A work". Refinement of the heavy atom parametgrs was 
by the method of least-squares. For two derivatives, 
K Hel, and IrBrs, the final heavy-atom model included two 
planar trigonal groupings of the Hgl;” ion and IrBrs. All 
heavy atom parameters, occupancies, temperature factors 
and positional parameters, behaved extremely well during 
the course of the least-squares adjustments with alternating 
cycles of protein phase’ angle determination. Table 1 shows 
the refinement statistic’. Figure 1 shows the distribution of 
the ratio of heavy-atom scattering power (fm) to lack of 


closure error (En) and of the mean figure of merit (m) in 
ranges of sin’@/A*. The overall mean figure of merit for all 
observed data to 2.8-A resolution was 0.90. It is clear from 
Fig. 1 and Table | that all eight heavy-atom derivatives 
provided useful phasing information to 2.8-A_ resolution, 
The electron density map was computed from the 6,127 





Table 1 Heavy atom refinement summary 


a Soaking No. of 
Derivative time  sites* Range At Range BE R,§ 


{d} (electrons) e (À?) 

I mM UOAC.H,O2). 7 3 «11.5-22.6 69-i8.4 0.512 
5 mM Pt(NH,).Cl, T 2 11.4-43.8 11.4-22.6 0.501 
ImM Pt+imMUA H4 4 8.7-21.2  7.4-17.1 0.581 
Mersaly! (saturated) 3 7 §.7-28.4 11.6-25.6 0.587 
0.5mM K.Hel, 3 5 5.4-27.6 5.3-20.7 0.626 
5mM K,UO.F, 21 4 6.7-31.8 10.9-17.8 0.503 
Phenylmercuric 

acetate (saturated) 7 7 6.6-42.7 9.1-17.9 0.569 
2.5 mM IrBr, 4 6 46-374 3.7-43.5 0.653 





*Both the K,Hegl, and IrBr, derivatives had two sites which con- 
sisted of trigonal moieties (of Hgl,> and IrBr,, respectively). 

+4 is the site occupancy on an approximately absolute scale. 

tA is the isotropic temperature factor coefficient. 


(91.4% of total) ‘best’ phases with the measured native 
prétein structure factor amplitudes. The high quality of the 
map may be judged from Fig. 2 by an examination of 
several sections gomputed in the region of the molecule 
containing the putative active site (Asp-32, Asp-215 in the 
pig pepsin numbering’). 


Amino acid sequence ° 


+ 
When the 2.8-A resolution electron density map was com- 
puted, the primary structure was available in 16 fragments 
ranging in length from 3 to 112 amino acids’. In addition, 
there was tentative evidence for four overlaps. The map and 
the partial sequence data were used in conjunction to place 
14 of the fragments in their proper order and to produce the 
sequence of peniciflopepsin shown inig. 3. For two regions, 
247-264 and 291-302, there was considerable difficulty in 
correlating sequence data with the electron density distribu- 
tion. Residueg 260-263 are consistent with the sequence of 


fragment PP6 in ref. 9. Residues 247-259 are consistent with. - : 


much of fragment PPI! with the exception of the penta- 
peptide 249-253. In addition, the position of Cys-250 was | 
not confirmed in fragment PPI1. We have left residues 249- 
253 in brackets but the electron density in this region is 
consistent with the assignment of residues we have made 
based on the size, shape and spatial surroundings of these 
side chains. There is no doubt about the assignment of Cys- 
250 which is involved in the disulphide bridge 250-283. | 
Eight residues from 295-302 satisfactorily account for the 
electron density in that region of the map and correspond 
in part to the C-terminal portion of fragment PP12 (ref. 9). | 
Although residue 299 was chemically identified as Phe we © 


have assigned Tyr to this residue based on the electron 


density associated with the side chain and the fact that a 
dipeptide Tyr-Leu was obtained in relatively high yield 
(11%) from a thermolytic digest. 

Figure 3 also shows a possible alignment of the penicillo- 
pepsin sequence with that of pig pepsin’. A final alignment 
must await comparison to the tertiary structure of pepsin. 
The sequence information in Fig. 3 was used as input to 
A. MeLachlan’s comparison program” which showed 11 well 
defined regions of high homology (see also Fig. 4). The two 
regions of highest homology are those in the neighbourhood 
of the two active site aspartic acid residues (residues 29-42 
and 212-221). The relatively high degree of sequence identity 
(32%) suggests that the ¢ertiary stractures of these two 
enzymes should be very similar with differences in con- 
formation associatéd mainly with surface loops as #as“Been 
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i i 5 Fig. 3 Comparison of tentative penicillopepsin (Pen) sequence with porcine pepsin (Pep). Amino acid residues enclosed by solid lines are 
—. those regions of highest homology when compared with McLachlan’s®! sequence comparison program, Tentative sequence identity with 





ye used in this sequence. There is a major discrepancy between the chemical sequence of PPI | 
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Fig. 4 Stereo-drawing of the main polypeptide 
chain in penicillopepsin. The circles represent 
a-carbon positions and only every tenth residue 
has been numbered (corresponding to the number- 
ing of pig pepsin’). The regions of high amino- 
acid sequence homolggy (see Fig. 3) are drawn in 
dark lines. The bilobal feature of the molecule is 
evident; the active site is located in the groove that 
separates the two lobes. . 
e 


2 


observed in comparison gf the bacterial serine proteases 
with the pancreatic enzymes "45 


Polypeptide chain conformation ° 


The folding of the polypeptide chain of penicillopepsin is 
shown diagrammatically in Fig. 4. The overall dimensions 
of the molecule are approximately 65x 49x39 A and this 
asymmetric shape agrees with the dimensions reported for 
the low resolution studies of two other acid proteases’. The 
molecule is distinctly bilobal with an extended hydrophobic 
interior in the shape of a croissafit. The two lobes are 
separated by a deep cleft which is approximately perpen- 
dicular to the 65-A molecular length. Buried in the interior 
of this groove, but accessible to solvent, are the two cata- 
lytically important residues Asp-32 and Asp-215. The larger 
of the two lobes (upper part of Fig. 4) is made up of 
residues —4 to 171; the smaller lobe is composed of the 
C-terminal part of the chain. . 

The largest mixed -sheet structure observed in gfobular 
protein structures is found in penicillopepsin and if consi$ts 
of 18 strands of polypeptide chain. Figure 5 shows this 
sheet structure diagrammatically and we have described it 
accortling to the convention proposed by Richardson™. Not 
only is this the largest B-sheet observed in globular proteins 
but it also contains two cross-overs (+5X) that have not 
been observed previously”. This sheet starts at one end 
of the molecule (strand e is located in the uppermost portion 
of Fig. 4) and twists in the usual anti-clockwise fashion by 
540° before reaching the final strand o. The central 10 
strands are all anti-parallel, and the strands containing the 
active ste aspartic acid residues (strands c and m) both 
have neighbouring parallel strands which are partly buried 
in the hydrophobic interior of the molecule. The topology 
of this sheet produces the croissant-shaped hydrophobic 
interior and there are 12 ‘hairpin’ turns that are all located 
on the enzyme’s surface. 

Those stretches of polypeptide chain which adopt a 
helical conformation are 58-62, 137-141, 225-235 and 
303-309. The single disulphide bridge in the molecule, 
Cys-250 to Cys-283 is located on the exjfremity of the 
smaller lobe (bottom right of Fig. 4). It is curious that 
this feature which seems to contribute little towards the 
overall stability of the structure is so highly conserved in 
acid proteases’’’'*, Porcine pepsin has two additional 
disulphide bridges, 45-50 and 206-210. The corresponding 
residues of penicillopepsin, although not cysteines, are 
sufficiently close to be connected by a disulphide bridge. 


Catalytic site 

Chemical studies of acid proteaSes, and the pH dependence 
of the catalytic rate const&nts of substrate hydrolysis 
implicate two carboxyl groups in the catalytic event: one 
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in the protonated form, and the other in the unprotonated 


form’, The inactivation of porcine pepsin and penicilo- 
pepsin by diazoacetylphenylalanine ethyl ester” and 
diazoacetyinorleucine ethyl ester (DAN) — identified 


Asp-215 (Fig. 3) as one of the catalytic residues. The 
inactivatior of porcine pepsin by 1,2-epoxy-3(p-nitro- 
phenoxy)propane (EPNP) showed that .Asp-32 was 
probably the other catalytic residue”. EPNP also inactivates 
penicillopepsin’’, although it has not been possible to 
isolate the labelled peptide. We assume that the site of 
reaction with EPP is the same as that in pig pepsin 
because the electron density map (Fig. 2) shows clearly 
that the two carboxyl groups of Asp-32 and Asp-215 are in 
intimate contact. In ad&ition, Asp-32 is in a sequence of. 
five amino acids that are identical in the seven ‘cid™ 
proteases examined”. . P 

Asp-32 is inestrand c (Fig. 5 and legend) which. is 
anti-parallel to neighbouring strand m which contains 
Asp-215. Both of these strands have neighbouring parallel 
strands h and p, respectively. Figure 3 shows the high 
degree of sequence homology for these two pairs of strands 
and the conformation of the chain in these pairs is very 
similar; both strand c and strand mehave a sharp bend at 
the two glycine residues 34 and 217. There does not seem 
to be main chain hydrogen bonding between strands c and 
m, however there is clearly hydrogen bonding of Thr-33 
side chain to the main chain between Ala-214 and Asp-215 
and a corresponding interaction of the side chain of 
Thr-216 with main chain between Phe-31 and Asp-32. Both 
strands h and p are internal strands, which is usually the 
case for parallel 8 structure“. 

Maleic acid has two carboxy! groups which interact® 
and the pK, values of these groups are 1.83 and 6.07 





AU 


Fig. 5 Diagrammatic representation of the |8-strandéd mixed B- 
pleated sheet structure. This diagram does not display surface 
topology which can be seen in Fig. 4. Strands of polypeptide 
chain are labelled a-r from the N to C terminus. The residue 
numbers at the start and end of each strand are: a (~2 — B), 
b (11 -= 18), c (25 -+ 33), d (36 -> 41), e (62 -= 66), f (84 -» 87), 
g (98 — 104), h GIB > 124), i (150 — 156), į} (161 — 168), 
k (179 -> 186), I (189 -+ 199), m (202 -= 216), n (218 -= 224), 
o (286 — 295), p (298 -= 303), q 6309 -> 316), r (319 — 325). 
The sequence of connection t#pes according to the convention of 
Richardson®™ is —1,,.—-1, —2, —3X, +1, +2, +5X, —1, +4X, 

+1, 491, a. -+ IX, —2, —5X, +1. ©. ~ 
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(ref. #2). Both maleic acid and the maleate monoanion®:” 
have a praton shared between two oxygen atoms 


(—C-—-O"... H... O-C—) 


O O 


The interaction of the carboxyl groups of *Asp-32 and 
Asp-215 probably occurs through a similar sharing of a 
proton. The proximity of these groups could satisfy, the 
requirement for a protonated and an unprotonated group™. 
The pH-dependence of the DNA-reaction with Asp-215 
(refs 27, 35) and the EPNP-reaction ewith Asp-32 (refs 
29, 36), suggests that in the conditions of the modifica- 
tion reactions, Asp-215 has a higher pK, (~4.5) than that 
m ©! Asp-32 (~1.5). The two carboXyl groups as seen in the 
pr&ent crystal structure are not necessarily in the same 
ionisation state because there are neighbouring side and 
main chains which interact with the carboxyl groups in a 
non-symmetric manner. Various hydrogen bonding inter- 
actions occur with the Asp-32 carboxyl group which is the 
first carboxyl group to be deprotonated on raising the 
pu above 1. The oxygen, of the carboxylate group, which 
is hydrogen bonded to Asp-215 also interacts with main 
chain between Thr-2?6 and Gly-217; the internally buried 
carboxyl group of Asp-304 interacts with the opposite 
side of this peptide bond (see Fig. 2). Ser-35 is hydrogen 
bonded to the other carboxylate oxygen ofeAsp-32, either 
directly or through a solvent bridge. There are no 
equivalent interactions seen for Asp-215 although the side 
chain of Thr-218 is nearby. In addition, there is an ion- 
pair (Lys-308 with Asp-11) in the vicinity of Asp-304 and 
a conformational change brought about by rotation of the 
carboxyl group of Asp-304 around its Ca-C8 bond could 
change the jion-pair to ofle between Lys-308 and Asp-304. 
The positive charge of Lys-308 in penicillopepsin is con- 
served in the mammalian enzymes by having an arginine 
residue at this position in pepsin and chymosin“’. The 
implications of these interactions which involve conserved 
residues in all the acid protease sequences thus far 
determined” must await detailed model building of 
peniciflopepsin and a comparison with other high resolution 
protease structures. 


Binding groove ’ 


Although we have no direct evidence in the form of dif- 
ference electron density maps of inhibitor or substrate 
analog binding, we postulate that the deep groove which 
separates the two lobes of the molecule is the extended 
substrate binding site common to acid proteases" 03, 
“There are three reasons for this proposal. (1) The two active 
site aspartic acid residues are located inside the groove and 
towards one end of at. (2) There,is a cluster of three aromatic 
residues which are very close to the surface of the groove 
ane age located in the larger lobe &t distances between 
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Fig. 6 Seven sections (I-Å spacing) of 
the electron density map in the region of 
Trp-39, Trp-71 and Tyr-75. The stacking 
of the rings of Trp-39 and Trp-71 is 
shown and the edge of Trp-39 is in 
contact with the solvent channel of the 
substratesbinding groove. 
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8 and 13 A from the active site. Trp-39 and Trp-71 have their 
ring systems stacked and one edge of Trp-39 is in contact 
with the solvent channel of the groove (see Fig. 6) 
Tyrosine-75 is also located in tĦis region and is in contact 
with solvent. Chemical studies with the peptide Leu-Gly- 
Leu have shown that it binds to penicillopepsin, activates 
the hydrolysis of Leu-~Tyr-NH:, inhibits the penicillopepsin 
activation of trypsinogen and produces changes in three of 
the transition bands (290, 286 and 276nm) of the CD 
spectrum of penicillopepsin™. We suggest that the binding 
of Leu~Gly—Leu and other activator peptides" in the groove 
perturbs Trp-39, Trp-71 (the bands at 290 and 286 nm) and 
Tyr-75 (27@nm) and that this perturbation on binding 
causes the circular dichroism spectral changes. There is 
only one other tryptophan residue, Trp-190, and its circular 
dichroism band (293 nm) does not change when activator 
peptides are bound to penicillopepsin. Trp-190 is buried in 
the hydrophobic core, inaccessible to solvent and removed 
from the active site region. (3) The deep groove observed 
in the low-resolution study of the acid protease from R. 
chinensis is the site of binding of inhibitors to this enzyme. 
As the @ther acid proteases have a cleft in the molecule, 
It is probable that the feature we observe is the extended 
substrate binding cleft. 

Enzymatic studies have led to estimates of the total 
length of the substrate binding groove of seven* to eight 
or nine amino acid residues”. For a fully extended sub- 


In penicilopepsin we have estimated the length of the 
binding site on the N-terminal séde of the scissile bond 
(secondary site A and primary site S; as defined by Taka- 
hashi and Hofmann”) and found it to be equivalent in 
length to a tetra or pentaffeptide’,(14—18 A). From the 
length of the groove estimated on the model (~30 A) and 
the circular dichroism evidence, we conclude that Leu- 
Giy-Leu binds in the secondary site A (ref. 43) and that this 
site is located in the deeper and longer part of the groove (to 
the right of the catalytic site in Fig. 4). 


Comparison with other acid proteases 


The amino acid sequence comparison in Fig. 3 shows regions 
of extensive h®mology between penicillopepsin and porcine 
pepsin. The overall shape and dimensions of penicillopepsin 
are very similar to those of the acid proteases of R. 
chinensis and E. parasitica’. Insufficient information is 
available for a detailed comparison with the 2.7-A structure 
of pig pepsin’, but the reported tracing of the path of the 
polypeptide chain of pepsin® shows no homology to the 
structure we report here. Although Fruton’ has suggested 
that pepsin and carboxypeptidase A have simibar enzymatic 
mechanisms, the tertiary structure of penicillopepsin is dis- 
tinctly different to that of carboxypeptidase A, which has 
an extensive arrangement of 8 strands in mixed parallel and 
anti-parallel B-sheet conformation’. We have compared, 
visually, the polypeptide chain folding of penicillopepsin 
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reporte® here to those of the acid proteases from R. 
chinensis and E. parasitica. The three structures are in close 
agreement, strengthening the argument that the porcine 
pepsin structure will be found to be similar, 

We thank Mr S. R. Jones for preparation of penicillo- 
pepsin and for crystal growing, Dr G. Lenhert for his 
system of programs for the FACS-1 diffractometer“, and 
Dr M. G. Rossman for the phasing program used. This work 
was funded by the MRC of Canada. . 
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A conspicuous globule : 
in the Southern Coalsack a 


e 


THE Southern Coalsack is the finest dark nebula in the Southern 
Milky Way. At the Royal Observatory, Edinburgh, in October 
1976, we studied two photographs taken with the SRC 1.2-m 
Schmidt telescope (a Unit of the Royal Observatory, Edinburgh) 
at Siding Spring Observatory, Australia. Centred at æ (1975) = 
12h 45min, 6 (1975) = e—63°01', they show the whole of the 
Coalsack in all its beauty. The blue plate (Fig. 1) was a 60-min 
exposure on a hydrogen-sensitised IlaJ plate, taken through a 2- 
mm Schott GG395 filter, the near-infrared plate was a 60-min 
exposure on a water-hypersensitised IN plate, taken through a 4- 
mm RG715 filter. These plates were taken as part of a more 
comprehensive study of the Southern Coalsack ; this note repre- 
sents a pilot study of how much can be learned by simple star- 
counting techniques. Visual inspection of these plates confirms the 
earlier conclusions!’ that the Southern Coalsack is basically a 
thin obscuring sheet with an average total visual absorption 
A, = 1.2 mags. Rodgers! derived the distance from the Sun to the 
Coalsack to be 175 pe. 

A globule is a roundish, sharply bounded dark nebula with an 
angular diameter of a few minutes of arc, seen projected as a ‘Loch 
im Himmel’ (William Herschel) against a star-rich background. 
The present pair of Schmidt photographs show a large number of 
potential globules. A general catalogue is being compiled of 
globules identified on SRC Schmidt plates of the Southern Milky 
Way. (This search is being undertaken at Siding Spring by Drs W. 
M. Goss, R. Manchester, T. G. Hawarden, A. J. Longmore and I. 
J. Danziger.) 

Westerlund was the first to draw attention to the numerous 
globules in the Southern Coalsack. His original conclusions have 
been confirmed and extended by Tapia*. The most obscured (star- 
poor) regions in Tapia’s Survey arethe regions Tapia | and Tapia 
II. In our survey we have catalqgued 27 globules and patches of 
dense obscuration associated with the Coalsack, some of which are 
identified in Fig. 1. The first six objects in our catalogue are the 

e 


globules listed in Table I of Tapia’s paper. The densest and most 
nearly perfect of these globules is the second one in Tapia’s list, 
located at (1975) = 12h 30.0 min, 6(1975) = 63°37 in the region 
Tapia IH. It has an angular diameter of about 6 arc min (0.3 pc). 
We will refer to this as globule 2. . 

A comprehensive study of these globules awaits inter alia the 
establishment of standard magnitude sequences in B, V, Rand I, to 
V=22. Useful énformation on globule 2 has been obtained, 
however. from inspection of the two available plates. At the 
suggestion of Dr R. D. Cannon, and with the assistance of Mr R. 
D. Eberst (both of the Royal Observatory, Edinburgh) a modified 
Zeiss Blink Comparator has been used to make a fairly complete 
study of the optical properties of globule 2 by applying simple star- 
counting methods. The comparator has been modified by J. M. 
Allen to incorporate a closed circué-TV system similar to that 
designed and built by J. G. Bolton at ANRAO, Parkes, N.S.W. In 
addition to the blink facility, the images on a pair of plates may be 
viewed on the TV monitor simultaneously or separately, side by 
side or superimposed, or in split-screen modes, by using the 
appropriate ‘wipe’ or ‘fader’ facilities. In the present case the 
infrared and the blue plates were inspected in a nearly super- 
imposed mode, with the infrared images appearing as black dots 
and the blue images as white dots in the TV display (Fig. 2). 

Beyond the outer limits of globule 2 each star shows both red and 
blue images, generally right up to the rather sharp outer edge of the 
globule at about 3 arc min frot its centre, measured on the blue (J) 
plate. In the annulus lying between 3 and 1.6 arc min from the 
centre of the globule, 37 stars have red images without blue 
companions, and only four stars in this annulus have faint blue 
images. There are no stars visible in either colour within 1.6 arc min 
of the globule centre. The star counts were done from polaroid 
photographs of the TV display. These simple observations show, 
that the dust in globule 2 is highly concentrated towards its centre. 
Similar counts were made in a comparison field in a star-rich region 
17 arc min south of globule 2. In this field 186 stars had images on 
the infrared plate, andgf these 170 stars also appeared on the blue 
plate, in an annulus fradi 1.6 and 3 are min. ~: 


146 r 4 





Fig. 1 Part of the Southern Coalsack, reproduced from a deep Ilag 
we pate taken with the U.K. 1.2-m Schmidt telescope at Siding Spring. 
lobules |, 2and 3in Tapia’s list are numbered. x Crucis is shown on 
the right (west) ofthe print. The long-dashed curve indicates the 
approximate boundary ofthe HI absorption obsewed by Kerr er al”, 
and the short-dashed curve shows the eastern boundary of the 
formaldehyde absorption observed by Brooks er al.” 


An approximate minimum dust mass for globule 2 can easily be 

derived from the star counts using the methods described by Bok, 
Cordwell and Cromwell’ and in the doctoral thesis of Dickman® 
We base our calculatior® on the log A(n) against m curves in the 
blue and near infrared shown by Tapia*. These curves were derived 
from stars between the 12th and 16th magnitude, but the limiting 
magnitude of the blue Schmidt plate is at least #]22. Star-count 
data to 21.0 mag (ref. 7) indicate that the slopes to be used in our 
calculations should be approximately two-thirds of those derived 
by Tapia. Comparisons of the near-infrared star counts in the 
annulus round the globule 2 and in a comparable area in the 
comparison field yield a value of the average absorption in the near 
infrared (about 8,500 A) 4,=2.7 mag. Corresponding values for 
Ay and Ay are Ag=6. Smag. Ay =5.0mag. The value of Ap ts 
roughly confirmed by the presence of four stars in the annulus 
which have faint blue images. This is about the number we would 
expect for Ay =6.6 mag. The values quoted apply strictly only to 
the annulus between 1.6 and 3 are min from the centre of the 
globule 

A minimum dust mass for the entire globule can be obtained by 
applying the above values to the whole of the globule. The mass 
thus derived underestimates the total contribution trom the core, 


for which we know only that A, and A, must be greater than the 


values given above for the outer ring. The derived minimum dust 
mass is 0.05M... Using a factor 200 to proceed from the dust mass 
to the total mass of dust and gas (presumably mostly molecular 
hydrogen, H,), we derive an approximate minimum mass ot 
IOM .. for globule 2. This is a minimal value since we have not been 
able to penetrate the |.6-arc min diameter core of this globule, 
which may be quite massive, possibly as high as 25M... The 
estimate of the minimum total mass should be halved, however, if 
the dust to gas ratio in this region is assumed to be 1: 100. We note 
that the total absorption A,yenters linearly into the formulae from 
W hich the total mass is derived. 
Serr, Hawarden and Bowers” searcheddor HI self- -absorption 


in 19 regions in the Coalsack, and found it only in the region of 
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globule 1,2 and 3. The neutral hydrogen peaks over glob@lles | and 
2 and tails off for 35 arc min east of globule |. In the outer edges of 
the HI distribution the optical absorpfion is much lower than in 
other regions where no HI absorption was seen. Brooks, Sinclair 
and Manefield” have observed the distribution of OH 1,667-M Hz 
emission and formaldehyde 4,830-MHz absorption over the 
complex. The OH distribution resembles the HI distribution (and 
hence the optical absorption distribution shown in Fig. |) while the 
formaldehyde was detected only in the regions of highest dust 
density, outside of which it falls off steeply on all sides. Sinclair and 
Brooks!” estimated the diameter of the formaldehyde cloud in 
globulé 2 to be 8 arc min, very similar to the opfical diameter found 
from our photographs of globule Pand its close neighbours. 


tarc min 


Fig. 2 TV monigor display of a globule 2. and 6 the comparison field 
Images from the blue plate are shown in white; images from the near 
infrared plate are shown in black 


Radio observations are beginning to yield much additional 
information on the physical conditions in the complex around 
globule 2. A team from Queen Mary College. London’ ', have used 
the 3.9-m Anglo-Australian telescope toobserve the 2.6-mm line 
of CO at six points. Their preliminary results show that the CO 
emission also peaks over globule 2, for which they derive a mass of 
several solar masses and kinetic temperatures between 6and 16K. 
Dickman’s results for globules accessible from northern latitudes 
would suggest probable numbegs of '*CO molecules in globule 2 
of between N,,=10'° and N,,=2x 10'°. His formula for the 


mass of the molecular hydrogen in gem ~~ is: A (gem ^) 
2 


maiss 


dt Marun. 
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= 2x0°7* x Na Prom the widths of the lines in the ratio 

spectrum it should also be possible to derive the velocity dispersion 
of the CO molecules an@ any rotation of the g globule. if present, 
should be detectable to within 0.1-0.2 kms" '. 

The studies of globules by Martin and Barrett !? < dad by Tucker 
et al.'> show that globules are mast likely to be gravitationally 
bound and ina state of collapse. The smaller ones amang the large 
globules, such as Barnard 335, have ra 
masses of about 25 Ma. Larger objects in this class, Such as 
Barnard 5, have radii of the order of 1.2 pe and masses as high as 
800 M. Globule 2 ranks as being smaller and a little less massive 
than Barnard 335. The smaller ones will probably collapse into 
single or more likely multiple stars, whereas those of higher masses 
may collapse into modest star clusters. Globule 2, as well as most 
other globules in the Southern Coalsack, is probably on the verge 
of,collapsing into a single or multiple star. The time required for 
collapse into a protostar (or a modest protocluster) is probably 
<I] Myr. 

We thank the statf of the UK Schmidt Telescope Unit for 
providing the plates used in this study. 
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Periodic fadings in VHF 
radio-satellite transmissions during 
the solar eclipse on 23 October 1976 


Tue localised time-dependent cooling action of the lunar 
shadow during an eclipse may generate gravity waves at 
ionospheric heights”. The bow wave thus formed would be 
detected at great distances from the eclipse path. Experi- 
mental data in the northern hemisphere from the eclipse on 
7 March 1970, indicated the presence of gravity waves in 
the F-region, deduced from the incoherent backscatter 
technique’, vertical incidence soundings’, and recordings 
of the Faraday rotation angle of VHF transmissions from 
geostationary satellites’. The detected travelling ionospheric 
disturbance (TID) had the horizontal phase velocity of 
400 ms"! (ref. 4) and 620+120ms" (ref. 5). TID was 
reported to travel north to south’, or 279+25° east of north’. 
We report here our observations of large-magnitude periodic 
fadings during the eclipse of 23 October 1976, which indi- 


cate that the eclipse is associated with generation of wave 
“disturbance affecting radio-satellite transmissions in „the 


*cidence of an eclipse and a satellite- pass was small. 


Sub-ronespheric latitude south (deg) 


' . . 147 


upper VHF. The waves had a 40-km wavelength, and propa- 
gated from north to sopth with a velocity Df 556ms". 
It’seems that yo a has been conducted on the 
effect of the solar eclipse on the amplitude of radio trans- 
missions from non-synchronous sateljites. This y as mainly 
due to the limited number of orbiting satellites 
previous scintillation studies. Thus, the probability -© of 








results are based on amplitude recordings of VHF r i 
signals from six U.§, Navy Navigational Satellites (NNSS; 
transmitting at a Tequency of 149.988 MHz, and D2-B 7 
satellite (catalogue No. 8332) transmitting at a frequency of 
136.740 MHz. .NNSS and D2-B had orbit inclinations of- 





90 and 37°, respectively. The recording station was at 
Brisbane (27.5°S, 152. 9°E geog. lat. and long., and, 37,2°S — 
invar. lat.). l ' 
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Fig.1 Sub-ionospheric orbits of NNSS (—). and D2-B (~~~) 

satellites during the solar eclipse on 23 October 1976. The first 

periodic fadings (vertical bar) were recorded during a NNSS 

pass at 1718 LT after the time of the closest approach of totality 

at 1652 LT. Arrows show the central positions of the eclipse at 
e different local times. 


The path of eclipse totality on 23 October 1976, ran | 
south of the Australian continent between about 1600 and. 
1700 Lr (150° esr). It was possible to récord a relatively 
large number of satellite passes during the eclipse period, T 
using radio transmissions from ¢he seven orbiting satellites. — 
Figure 1 shows the sub-ionospheric’ orbits for NNSS and- 
D2-B at 400-km altitude. The satellite passes at 1445, 1453 
1539, 1545, 1616, 1627 and 1640 Lr (times of the predicted | 
nearest approaches) did not show any scintillation activity. 
A NNSS pass at 1718r revealed pronounced periodic 
fluctuations of a large magnitude (3 dB peak-to-peak) super- _ 
imposed over normal, slow variations in amplitude (Fig. 2)... 
The disturbed region was north of Brisbane (vertical bar m- 
Fig. 1). Assuming that the disturbance occurred at the point. 
of closest approach of totality at 1652.1, the velocity of 
propagation of the wave§ is 556m s”'. 

The following NNSS passes at 1803 and 1818 Lr indicated 
the presence of periodic fadings of an unusually large 
magnitude (5 dB peak-to-peak in Fig. 2), confined to the 
region further north of Brisbane (Fig. 1). The periodic 
fadings were absent during a pass at 1904 LT. A D2-B pass- 
at 1809.7 from south-west to north-east did not reveal apy- 
periodic fluctuations (Fig. 1), indicating that the wave-front 
was directed more towards the geographic north than east- 
west, since radio fadings “re enhancéd in the direction of 
the steep ionisatiog gradient generated by the passage of a 
periodic disturbance. It should be also noted that tH€TaPgest 








48 e + 
periodic fadings were recorded about the time when the 
eclipse termindted. This may be associated with the en- 
hancement of TIDs at the end of the eglipse due to an 
interference effect of jhe waves generated at various 
positions of the totality. The possibility of such enhance- 
ment was suggested in association with the eclipse on 
7 March 1970 (ref. 1). 

The disturbances shown in Fig. 
about 10s, which corresponds to a 40-km wavelength at 
ionospheric heights. This is considerably smaller than the 
wavelengths found from the ionospheric experiments con- 
ducted during the 1970 eclipse. For example. the total 
electron measurements’ indicated a 20-min period of the dis- 
turbance, which corresponds to a wavelength of about 
700, kme Thig difference may be due to the various spectral 
characteristics of the techniques used for detection of iono- 
spheric fluctuations: the total electron and satellite scin- 
tillation methods tend tq indicate long and short scale sizes 
of the disturbance, respectively. From this, it seems that 
the eclipse generates TIDs with a number of wavelengths 
rangyg from about 40 to 700 km. 
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Fig. 2 Amplitude structures of periodic fadings in VHF radio- 
satellite transmissions during the eclipse period. 


The distinct and prolonged periodic fadings (Fig. 2) are 
an unusual feature of the radio-satellite experiment con- 
ducted over several years at Brisbane. Amplitude records 
obtained from 150 satellite passes in October, 1976, indi- 
cated the presence of periodic fadings in 3% of passes. The 
periodic fadings recorded“at other times than the eclipse 
period had a less well-defined quasi-sinusoidal structure and 
their magnitude was <3 dB peak~peak. Also, their duration 
was limited to one satellite pass only, unlike the events 
shown in Figs I and 2, which were recorded during three 
consecutive satellite passes. 

This work was supported by the Australian Research 
Grants Committee and Radio Research Board. 
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Electrons and positive ions in an auroral arc 


Two new types of British sounding rocket, a Skylark 12 and a 
Fulmar, were launched from And@ya in northern Norway, on 
21 November 1976, in an experiment to study the particle 
streams and. plasma waves associated with an auroral arc. We 
report here the first results obtained from channel multipliers 
and electrostatic analysers carried on the Skylark 12 (desig- 
nation SL 1422) to detect electrons in therange 0.5-25 keV, and 
positive ions of 0.5-25 keV per unit charge. We believe that the 
results afe unique and constitute the first detailed comparison 
of positively- and negatively-charged particles in the region of 
an auroral arc. They have been made possible by the combined 
advantages of high altitude (715 km), which enables tons to be 
studied before absorption in the atmosphere, long range 
(780 km), which allows a complete traversal of an auroral 
structure, and new analysers, whicheextend the dynamic range 
of measurement. 

Spectrograms of positive ions and electrons taken from near 
the mjddle of the flight are shown in Fig. 1. In this period the 
rocket, travelling northwards, left the diffuse aurora to the 
south of the arc to enter at 265 s the intense stream of electrons 
that produced the luminous east-west curtain of the visible arc. 
The period shown also encompasses the rocket’s emergence at 
360 s into a region of sub-visual aurora to the north of the arc. 

We note first that the arc is characterised by relatively high 
electron intensities and energy spectra with a pronounced peak 
whose position varies within the arc between 2 and 9 keV. 
We note also the marked anticorrelation between electron and 
ion intensities during the transition between the diffuse aurora 
and the arc. The anticorrelation does not persist far into the 
arc: between 305 and 330 s, although there ts little obvious 
change in the electron intensity, the ion intensity rises to form 
a spectrum with a broad peak around 6 keV,a minimum near 
2 keV, anda tail rising towards low energies. This ion spectrum 
is unlike those measured between 150 and 250 s which are 
approxim&tely Maxwellian with a most probable energy of 
10 keV. To the north of the arc after 360 s the most probable 
energy of the ions is 3 keV, and the electron spectrum has a 
power-law form with intensities decreasing towards hsgher 
energies. (Unfortunately, in the presence of unremoved tel- 
emetry noise, only some of these features are readily discern- 
ible in the black-and-white spectogran) of Fig. 1.) 

We offer the following preliminary interpretation of these 
results based on conclusions drawn from earlier lower-altitude 
flights about the mechanism for electron acceleration in auroral 
arcs!:?, To the south of the arc we suppose the electrons and 
ions to be scattered without significant acceleration from their 
source plasma, the plasma sheet of the magnetosphere, where 
electron and jon temperatures correspond to 2 and 10 keV, 
respectively. The particles forming the arc are from the same 
source, but in this case the electrons are accelerated during 
precipitation by the equivalent of a potential difference that 
fluctuates rapidly about a most probable value indicated by the 
position of the peak in the spectrum. The fluctuations are 
invoked!? to account for the breadth of the peak on the low- 
energy side; the breadth on the high-energy side is simply a 
consequence of the finite temperature of the source plasma. 
lons, being subject to the same potential differences, are 
retarded and reduced in intensity when electrons are accelerated. 
This would account for the anticorrelation near the southern 
border of the arc. We suggest that the increase in ion intensities 
near the centre of the arc, where electrons still seem to be 
accelerated, is an example of an occurrence predicted earlier’, 
namely, that at times the effective potential difference could 
fluctuate enough to reverse in sign temporarily and apparently 
accelerate ions and electrons simultaneously. The peak in the 
ion spectrum, being sharpest than that of the Maxwellian 
spectra to the south, is consistent with acceleration taking 
place at this time. The facts that the ion peak is broader than 


the electron peak and the ion intensity is less enhanced than the 
+ 
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Fig. I Positive-ion (i) 
and. electron (e) spectro- 
grams from SL 1422 
launched at 2115 ur on 
2l*November 1976. The 
intensities were measured 
at pitch angles in the 
range 30-40°. 


Energy (keV) 


electron intensity indicate a broader distribution of energy gain 
for the acceleration of positively-charged particles, North of 
the arc the electrons and ions are of lower energy than those 
to the south, and the electron spectra are different in form. 
This supports the suggestion made previously, based on shorter- 
range flights’®, that auroral arcs are phenomena occurring at 
the boundary between the plasma sheet and high-latitude 
magnetotail regions of the magnetosphere. 
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Speckle image 
reconstruction of solar features 


SPECKLE imaging iS a process “which permits recovery of 
diffraction limited resolution from atmospherically degraded 
astronomical images. We describe here the application of this 
new process to the reconstruction of solar surface features with 
resolution approaching the telescope limit, despite severe 
atmospheric blurring in the original data. 

Speckle imaging has evolved from speckle interferometry, 
which has been used to measure stellar diameters! and binary 
stars? to an,angular resolution of 0.025 arc s and has yielded 
evidence of sub-arc s surface detail when applied to solar 
images*4. In speckle interferometry only image autocorrelations 
are obtained, restricting information recovery to centro- 
symmetric detail. In speckle imaging, true diffraction limited 
images of extended objects can be reconstructed without 


requirement of a reference star in the field. . 
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The data-taking requirements are identical for both imaging 
and interferometry: a series of short exposure, narrow pass- 
band, highly magnified immges are recorded on film. For most 
low light level astronomical objects, an image intensified camera . 
is used, though for solar work no intensifier is required. The 
conventional procedure for processing speckle interferometry — 
data is to Fourier transform individual images and sum. their 
power spectra. In the imaging process, the phase in the Fourier 
transform of each frame is encoded in the form of point-to-. 
point phase differeraces. This is performed in two dimensions by 
calculating the shifted complex product of the transform. 
The results for each frame are summed, yielding averaged. 
quantities <4(u,v)>, in the form 


CAY)? <Hu,v) I* (u+ Au,y)> 
| (1) 
<A duad = Civ) I* unv + Av)? 
where /{u,v) is the image Fourier transform and the two 
averages encode the phase in the und v directions, respectively. 
The shifts, Av and Av, must be small compared to the resolution 
element in the object transform. 
Each of the components in equation (1) can be expanded i in. 


the form 
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where O(u,v) is the object Fourier transform, Tv) is. the 
atmospheric transfer function, and ®(u,v) and ‘P(w,v) are the 
phase in the object transform and the atmospheric transfer 
function, respectively. RES 

The transfer function term in equation (2) has an expe i 

value whose phase approaches zero (since the atmosphe 
phase fluctuations are a stochastic, zero mean process) a 
whose amplitude approaches the diffraction limited trans 
function usually obtained in conventional speckle interfe 
metry. For reconstruction, the relative phase at any point in. the 
transform is calculated by’ summing the phase differences 
between that pointgand an arbitrary reference point over ac 


multiplicity of paths, which greatly reduces the effects of noise ee 
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shows two independent 12-frame reconstrůctions, demonstrating 
that the essential features are real. Figure 2c shows 24-frame and 
32-frame reconstructions. The resolution in the final processed 
image is better than 0.4 arc $ and some features such as the 
bright lanes in the filamentary structure near the centre of the 
image may be closer to 0.2 are s, the telescope limit. The 
resolution (0.4 arc $s) is comparable with that obtained in the 
Stratoscope balloon experiments. 

Processing a smaller subarea may have the etfect of increasing 
the rate of convergence to a diffraction limited image if 
isoplanatism is a problem. The size of the isoplanatic region for 
solar observations can only be estigiated, and a processed area 
as large as 8 8 are s may not quite converge to the diffraction 
limit with only 32 frames. 

The processed subarea contains a feature which, from the 
large scale photograph, would be described as a medium-sized 
pore. In the reconstruction, the region near the centre of the 
frame breaks up into a number df dark, parallel, elongated 
features reminiscent of penumbral structure, while the region 
below it retains the appearance of a typical pore. The penumbra- 

e like structyre is approximately radial to a large nearby spot 
although it is not connected to it. At least two features looking 
ne Pee ee | l like very small pores approximately 0.7 and 1.0 arc s in size are 

Fig. 1 Photograph of the Sun showing the region processed. detached from the primary structure except for a dark lane. 





s Other dark lanes are evident in the picture, the longest extending 
and bad data points. Finally, the output image is obtained by about 3 arcs. 
Fourier inversion of the resulting phase and amplitude distribu- e 
tion. This procedure is based on an algorithm suggested by : 
Knox and Thompson’ and developed and demonstrated for Fig. 2 a, Two typical unprocessed frames (8 » 8 arc s) used in 
two-dimensional extended, continupus tone objects with producing the reconstructions after scanning and redisplay; 
mesiiniated atmospheric degradation by Nisenson et al’. This b, two reconstructions produced from independent |2-frame 
| : subsets ata; c, 24-frame (left) and 32-frame (right) 
ae dar a “epnorte nds et al? subsets of the data; c, Jef ( : 
acres Hereiaied s ne ter aique ERO eg Oy e a ah reconstructions. Resolution is approximately 2.0 arc s in the 
which is applicable enly to small ojects, close to the telescope unprocessed frames and approximately 0.4 arc s in the processed 
diffraction limit in extent. It is also unrelated To the large class frames. 
of image-processing algorithms in which an inverse impulse 
response is estimated and applied to restoration of the image. a ae ale 


The photographs processed in this experiment were obtained 
from Dr J. W. Harvey of Kitt Peak National Observatory and 
were taken at the 24-inch vacuum solar telescope. The passband 
was !Onmcentred on 500‘hmand the exposure time was ~ 1/100 s. 
At the magnification used, the telescope diffraction limit occurs 
at a spatial frequency of about 35 lines per mm, well within the 
transfer characteristics of the Kodak 5460 fm. Thirty-two 
frames were suitable for processing. Figure | is a typical frame 
covering a 2-min square field. Only the indicated 8 x &-arc-s area, 
which included a dark feature, was processed. Note the 
presence of irregular fringe-like interference features in part of 
the tmage. These vary randomly from frame to frame, and are 
coherent phenomena induced by atmospheric turbulence. 

On each frame the sybaf€a was scanned and digitised as a 
128 =< 128 array centred on a selected feature. A 128 = 128 array 
was chosen to allow two samples per resolution element and to 
restrict the processed region to an area smaller than the expected 
isoplanatic patch size. The isoplanatic patch is determined by 
the angle over which the atmospheric point spread function 
remains highly correlated. 

The digitised frames were then processed as we have described. 
Each frame was digitally Fourier transformed using an FFT 
algorithm and, after phase coding, the transforms were added 
together and the phase reconstructjon algorithm applied. The 
phase and amplitude distributions derived from the averaging 
process are jhen retransformed to obtain an image. 

Figure 2 includes two typical input frames after scanning and 
redisplay. The seeing limit varies from frame to frame and from 
region to region in the full field (see Fig. 1); however, the 
average is about 2 are s, which is 12 times the telescope 
diffraction limit. 

Separate reconstructions produced from 4, 8, 12, 16, 24 
and 32 frames show development of small features with 
progressively increasing sharpness. Reconstructions produced 
frogmaaguences of frames selected to be fræ of defects were also 
nearly identical to those obtained without selection. Figure 2b 
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E The ‘lighter regions of the reconstruction show evidence of 
~photospheric granulation. This is particularly interesting 
_- because there is virtually no evidence of this structure in the 
original digitised frames, partly because of the limited dynamic 
range of the scanning instrument, which was set to scan 
optimally the spot region. The original negatives of the 
reconstructions show that the entire photospheric region is 
covered by granules, the smallest of which are less than 
0.5 arc s in diameter. 

To obtain wide field reconstructions, individual isoplanatic 
regions must be processed independently and combined in a 
„mosaic. This is a lengthy pgocess that requires large amounts of 
. computer and scanner time. To solve this problem, an optical 
-processor that performs an analog of the digital process is now 
being developed*. Optical..processing allows encoding of the 
phase and direct summation of the individual transforms. The 
output of the processor is a single frame that is scanned and 
digitised for computer reconstruction of the final image. With 
this system, a number of contiguous isoplanatic regions can be 
processed in parallel, yielding images of relatively ne areas 
at once. 

In conclusion, we would like to point out that the ainat 
resolution of the process is the diffraction limit of the telescope, 
independent of the actual seeing conditions. Data taken on the 
60-inch solar telescope at Kitt Peak, for example, could display 
features down to 1/15 arc s, and this can be ee to even 
larger apertures. 

This work was partially supported by the NSF through 
the State University of New York at Stony Brook. We 
thank J. W. Harvey for the solar data, D.M. Peterson 
and M. Simon at Stony Brook, and D. Y, Gezari at NASA/ 
Goddard for helpful discussions. 
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Long term solar activity 
forecasting using high-resolution 
time spectral analysis 


SOLAR activity as measured by sunspot number has been 
carefully observed since 1749. It seems to have an Il-yr 
cycle which has been identified as a 22-yr magnetic period 
with every other Il-yr cycle having a reversed average solar 
magnetic field. As the amplitude and frequency of the 
cycle varigs slowly with time it has become a point of 
interest to determine if sunspot activity variation is regular 
and constant over long periods of time. If it is constant, 
then it should be possible t6 make predictions based on 
historical observations. I «how here that the monthly 
sunspot record (1749-1975) is represented by a Fourier 
Series, using the spectral analysis method of A. Paul, By 


x specified data”. Eddy stated “the present cycle of activity 


é è 151 


evaluating the series, a forecast indicates that the next solar 
cycle began in December 1976, and will peak above 100 
near 1982, e 

Eddy’ has pointed eut that solar activity may have been 
greatly different during the Maunder Minimum (a period — 
of very low sunspot activity between 1645 and 1695) than. ~ 
has been generally assumed. For example, Schove’ relied 
upon the assumption of nine cycles per century to identify < 
solar maxima back to the fifth century sc. Eddy discounted ~ 
Schove’s estimates @f the solar maxima magnitudes during 
the 1600s as systematically high, noting that the magnitu 
were sometimes based on “auroral counts and other. 













may be unusual if rfot transitory”. 
On the other hand, Wolff’ discussed physigal processes 
within the Sun from which it is reasonable to „expect longe 
term persistence of discrete line spectra in "the sunspot — 
activity record. He has developed a rigid and differential — 
rotation model whose modes have beat frequencies which - 
are; mathematically related to each other. Using only two 
adjustable frequencies in the model, he predicted 20 ef the - 
25 periodicities observed in the sunspot data. by Colet and | 
Currie’. The longest period found by Wolff is 178 yr. He 
considered the difference between the valueeof 178.0 yr and: 
the 190-yr period found by Cole‘ to be insignificant since the 
uncertainty’ in an estimate of a frequency present in a 
record of length T is commonly given as +1/(47). Cohen | 
and Lintz’ have used a 179-yr periodicity, with several — 
other periodicities, to produce a prediction of solar activity _ 
to the year 2050. (Of course, an extrapolation of their model 
backwards in time ‘would not produce the Maundgy. 
Minimum, particularly since they use a d.c. componént of 
47.4 smoothed sunspotsein their model) | 
Several methods for analysing spectra have been applied- 
to the sunspot record. Cole used the fast Fourier transform 





« (FFT) to analyse the autocorrelation function and the solar. 


cycle phase data of Schove and obtained the power spectral 
density as a smooth continuous function of frequency. 
Both Cohen and Lintz, as well as Currie, used the maximum — 
entropy method e(MEM) to find the smooth continuous 
power density function. The FFT and MEM methods. 
estimate the frequency of a suspected spectral line at the | 
point of peak power. : 
I re-examine here the sunspot record from 1749 to 1975: 
using a high-resolution spectral analysis to determine the 
frequencies of the periodicities, and the amplitude and 
phase of each line. The analysis is performed with 2724. 


monthly sunspot values given by Vitinskii’ and by Solar | 


Geophysical Data. The algebraic sign of alternate cycles’ 
re numbers is negative te conform to an assumed — 
22-yr magnetic reversal cycle. zm: 
My analysis is an extension of a method developed by 
A. Paul’, which is a very accurate and sensitive method for 
determining frequencies, amplitudes and phases of unknow1 
lines in a spectrum consisting of both broadband noise 
discrete lines. Paul’s method differs from conventional. F 
methods in that it does not assume that frequencies" X 
be uniformly spaced. The time shift theorem (Ap=27fAn 
used to determine the unknown frequencies from the- 
change of phase between the periodogram analysis of- 
segments of the data separated in time. 
My analysis uses the additional step of subtracting the- 
waveform corresponding to the approximately known lines. 
in the data, following by iteratively solving for closely- 
spaced lines. The analysis applied to the sunspot record- 
obtains resolution of closely spaced lines having a beat 
period (1/Af) of 1,045+200 yr. The accuracy of each > 
frequency is more a function of the white noise within the 
filter bandwidth used in the analysis than of the record- 
length. In this case, the frequency uficertainty is estimated — 
to be £1/(207) rather than the commonly quoted £1/(4T). 


The success of the line resolution just mentioned results 
L 













_ from the signal-to-noise rafio (line amplitude to Gaussian 

noise within the bandwidth) of about 25: 1. 

The model is composed of more than®40 lines (Fig. 1) 
which were determined using more than 100 iterative 
solutions for one line at a’ time with all the other lines 
subtracted from the data. The s.d. of the residuals is 17.0 
(unsmoothed monthly gunspots), which is an indication of, 
white noise. Assuming it is uniformly distributed in fre- 
quency, the noise within the bandwidth near each line is 
about 0.6. This has been confirmed be spectral analysis of 
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The fact that the summed series Failis to fit the data as 


accurately in the first and last cycles as in the central 


cycles may be an artefact of the data window or it may 
indicate changes in the physical processes of the Sun, for 
example, changes in the oscillation mode excitations. 
Figure 3 extends the model sunspot numbers back to 
1000 ap and compares with the “C level given by Suess’. 
The model fails to reproduce the Maunder Minimum, but 
does show a 1000-yr period envelope, as discussed by Eddy. 
The closely spaced lines with periods of 21.62, 22.12 and 


0.06 0.08 0.10 


Frequency (cycles per month) 
: e 


Fig. 1 Spectral lines determined from 227 yr of sunspot data. 


the residuals. The effect of the noise is difficult to deter- 
mine; however, the nqise certainly degrades the accuracy 
of the line parameters. 

The summed Fourier series corresponding to the lines in 
the model is plotted with the monthly dafa record in 
Fig. 2. The series is evaluated beyond the data record at 
both ends to provide a forecast of future and an aftcast 
of past solar cycles. Note the striking agreement between 
the mode! and observations made between 1740 and 1975. 
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22.55 yr form a triplet with a beat period of about 1045 yr, 
having maxima (1112 and 2155 ap) during the same 
centuries as mentioned by Eddy (about 1175) būt a 
minimum (1724 ap) later than Eddy’s (1500-1714 ap). The 
triplet’s minimum is not midway between the adjacent 
maxima due to the particular phase relationships between 
the three lines. 

Although these results are purely empirical, amounting 
to data fitting, the stability of the solution and the 
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Fig. 2. Observed monthly sunspot nugibers (@) antl Fourier series model (smooth curve). 
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Fig. 3 Fourier Series sunspot model (smooth curve) and “C 


accuracy of the predictions may be an indication of whether 
Wolff's mode model is correct. My results show that .there 
are lines in the sunspot record as indicated in Wolff’s 
theory. The modes are long-lived, but may persist for 
centuries instead of millennia. This latter conclusion can 
be drawn if we attribute the spectral line model’s failure 
to display correctly the Maunder Minimum to changes in 
physical processes in the Sun. 

One area of possible improvement in the ‘analysis ig in 
the choice of data to represent solar activity. Eddy, Wolff 
and others have used sunspots, which have been counted 
for a long time. The noise level in the sunspot data (s.d. 
of 17) 1s about as expected, however, considering that 
sunspot groups are arbitrarily assigned a value of ten spots. 
Another index of solar activity, such as sunspot area or 
magnetic field intensity, may be a better quantitative 
measure. Seventy-five yr of high-quality data might yield 
better results than spectral analysis of 200 yr of lesser 
quality data. 

The fit (Fig. 2) to the sunspot record between 1750 and 
1975 is good enough to merit a forecast a few years into 
the future. Using the zero crossing as an indicator, the 
model predicts that the next solar cycle began in 
December 1976. Several authorst®™ have predicted a low 
sunspot activity level during the next cycle (number 21) 
with a peak near 50-60. My analysis predicts a larger peak 
between 130 and 200 during 1981 or 1982. It will be 
interesting to watch ethe Sun’during the next few years to 
find out for how long the spectral lines of the model are 
valid. 

| thank Michael Gannis for preparing the figures, Kirby 
Spalding, [lan Rothmuller and Esther Hill for their help 
in preparing this paper, and Paul Argo for providing a 
test case for analysis which aided in evaluating the effects 
of noise on unknown lines. This work was supported by 
US NELC and NAVAIR. 
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The advancing front of a spreading liquid 


A WETTING liquid makes a zero contact angle tô a solid, and a 
drop will spread completely over the surface. There are two stages 
in the spreading process!?. Initially, the advancing front ts pushed 
from behind by the hydrostatic head of the liquid. As the drop thins 
out this becomes unfmportant and the front is pulled along by the 
unbalanced surface forces near the perimeter. The shape of the 
advancing front is not easy to observe without special lighting. In 
addition, for most liquids ıt cannot be seen unless precautions afg 
taken to minimise evaporation. I report here microscopic obser- 
vations which show that tht advancing frant has a remarkable 
structure. The nfoving front does not retain the shape of the 
original drop. Instead, depending on the liquid, it either assumes a 


»scalloped periodic structure or else moves by a series of random 


advances, resembling the locomotion of an amoeba, but still with 
some approximate periodicity. 

Figure | shows the advancing front for absolute ethyl alcohol 
spreading on the surface of aluminium that had been evaporated 
on a glass substrate. (Lighting and precautions for minimising 
evaporation are described in the legend.) A thin layer of liquid, 
1,000-2,000 Acthick, moved ahead of the drop by as muchas | mm. 
The drop followed, making a contact angle of about 0.1" to the 
precursor layer, as determined from the spacing of interference 
fringes. The front of the thin layer maintained a periodic, almost 
sinusoidal form as it advanced. This mechanism of spreading 
seems to be quite general. Similar results were found for a variety of 
liquids spreading on aluminium-isopropyl alcohol, n-heptane, 
toluene, #-octane (all reagent grade) and dimethyl silicone oil 
(molecular weight 340). 

These liquids are all volatile and vapour transport may be an 
important part of the mechanism by which they spread. Obser- 
vations were also made of the spreading ofa non-volatile liquid, a 
high molecular weight hydrocarbon-substituted silicone oil, Gen- 
eral Electric SF-1147 (mean molecular weight 2,000). It is so non- 
volatile at room temperature that effects of vapour transport are 
almost certainly absent, Measurement of the rate of evaporation 
in vacuum showed that less than one monolayer of molecules 
evaporates per day at room temperature. In air the evaporation 
would be even slower. The oil spreads on the surface of evaporated 
gold. The shape of the advancing front is shown in Fig. 2. Here the 
spreading was considerably slower than for alcohol due to the 
difference in viscosities (0.5 P for the oil and 0.014 P for ethyl 
alcohol). As the liquid spread, convex bulges develop at 
seemingly random points along the perimeter of the original round 
drop. These then move ahead and smaller protuberances de- 
velop. Though there was considerable randomness, it seems that 
there is an approximate periodicay here, as before with the 
alcohol. Again the front advaficed far ahead of the bulk of the drop 
and, after several hqurs, covered all, or nearly afl. of the the solid 


surface. 
s 
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These observations show that the spreading of a liquid ona solid 
is a complicated process. Typically, a ¢hin layer moves out away 
from the rest of the drop, pulled by the unbalamced surface forces 
near the perimeter. This feature-has been noted before? from 
observations of the drep profiles of spreading polymers. The 
periodic structure indicates an instability. This may be related to 


the Rayleigh-Taylor instapility*** that arises when two immiscible , 


fluids are stratified with the denser fluid above. The Marangoni 
effect® also gives rise to instabilities but it depends on substantial 
variations of temperature or composition within the fluid, neither 
of which seems to be present here. 

The following simplified picture may contain some of the correct 


physics. Consider the unbalanced surface force Ay at the liquid ~ 


front 


. © 7 
ò AY =Ysv— Yst — Yuy (1) 
The components are the familiar interfacial free energies for the 
solid—vapour, solřd-liquid, and liquid-vapour interfaces. The 
force acts on the liquid near the interface and pulls it out over the 
unwaited surface of the solid. Its magnitude is proportional to the 
length of the liquid-solid—vapour line. In a part of the film of 
thickness, z, assume that, due to some local inhomogeneity of the 
solid surface, the front develops a semicircular convex bulge of 
radius R. The total force pulling outward on the semicircle is mRQy. 
whereas before the bulge developed, the force on the same liquid 
was only 2RAy. The accelerating force is growing more rapidly 
than the resisting viscous force and there is a tendency for the front 
to become as convoluted as possible to take advantage of this. The 
counter-force is the excess pressure, Ap=7,y/R, exerted by a 
onvex curved surface. The pressure, Ap, is exerted over an area 
mRz4nd acts to oppose the tendency toward greater convolution. 
The two opposing tegdencies balancewhen 


nRAy=nRzy,y/R (2) 


This then determines the stable radius of curvature for the 
undulations in the advancing front 


e R=z7,y/Ay = (3) 


If this is correct then it may be possible to make a direct 





Fig. 1 Advancing front for a drop of ethyl alcohol spreading on the 
surface of evaporated aluminium. To minimise evaporation the 
experiment was performed in a cylindrical glass container covered by 
a glass plate. The bottom of the container was filled with alcohol and 
the substrate mounted about | cm above the surface of the liquid. To 
apply the spreading drop. the cover was moved aside just far enough 
toinsert a long dropper that reaches nearly to the substrate surface. A 
drop of about 10°* em? of liquid was dispensed on to the surface and 
the cover replaced. The drop then spread and the thin advancing front 
remained stable for many minutes. Vertical illumination with nearly 
monochromatic light at 5.830 A was reflected from the metal of the 
substrate to give interference ffinges indicating the thickness of the 
oil. Successive fringes correspond toa thickness difference of 2.100 A, 
The three pictures ure for different times afler tge application of the 
drdf- em 30 s: b, 60 s: c, 200 s. At c the thickness of the advancing 
front is about 1,000 A. 
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Fig. 2 Advancing front of silicone oil 5 min after application. 


measurement of Ay since all the other quantities in the equation can 
be measured. 
I thank B. Halon and D. M. Hoffman for preparing the 


substrates used in this work. ò 
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Silane triols of high 
stability in aqueous solution 


ORGANO-SILICON compounds containing silanol groups are 
highly reactive, undergoing acid- or base-catalysed condensation 
to form siloxanes even in the presence of surface acid or base, 
the condensation being more facile in the order 


Si(GH), < 


Byethe use of plastic, quartz or washed borosilicate glass 


= SIOH < Si(OH), 
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apparatus, several alkyl &nd aryl silanols and silane diols have 
been isolated’-*. But only aromatic silane triols (R Si(OH),) 
have been isolated®, thé corresponding alkyl derivatives being 
known only as transient species in solution. We report here that 
certain organo-silane triols display outstanding stability an 
aqueous solution. 

The rate of condensation and polymerisation of silicie acid 
and organo-silanol derivatives in aqueous solution can be 
reduced by the addition of polar molecules such ase ethers, 
alcohols and amines and of polymers containing similar groups?*. 
The retardation is believed to be due to association through 
hydrogen bonding between silanol groups and the polar additive. 
Thus, polyethylene glycols retard the condensation of silicic 
acid, although inevitably, polymerisation proceeds to the point 
of gelation or the separation of colloidal silica. 

We have prepared silane triols (I-IV), R.Si(OH)s, in which 
R is an ether-containing moiety, by hydride insertion of the 
appropriate halo or alkexy-silane into the allyl ethers of 
methoxy ethanol, methyl ethylene glycol, methyl trigol and 
so on, followed by hydrolysis 


CH,0(CH,CH,0) CH,CH,CH,Si(OH), ° (1) 
CH;0(CH.CH,0), CH,CH,CH,Si(OH); (IT) 
CH ,0(CH,CH,O), CH.CH,CH,Si(OH); CID) 
CH,O(CH,CH,O),_, CHsCH,CH,Si(OH); (IV) 


The behaviour of the parent trichloro silyl derivatives of 
(I-IV) on contact with water revealed notable differences from 
simple alkyl halosilanes such as CH 3Si1Cl,. The latter in water 
undergoes rapid hydrolysis with evolution of HCl, generation 
of heat and the rapid precipitation of a gel—essentially 
methylated silica gel This process is little affected by the presence 
in the water of, for example, CH,O(CH,CH,O),CH,CH,OH. 
By contrast, the ether-containing compounds dissolve to give 
clear solutions for which, in spite of the low pH and raised 
temperature, low levels of polymerisation are indicated by 


Fig. 1 Number average molecular weights (cryoscopy) of 
compound (II). 
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Table 1 Infiuence of number of ethylene oxide uputs on stability 


Fy Equiltbrium DP in 

s i : 5% (w/w) solution 

Silane triol e å PHI pHS pH8 
CH OCH sCH,0)CH,CH,CH,Si(OH), ) 72 24 7i 
CH ,0(CH,CH,0),CH,CH,CH,S(OH), aD — 19 — 
CH ,0(CH,CH,0),;CH,CH,CH,Si(OH)e (I) 19 11 34 
CH ,O(CH,CH,O),_,CH,CH,CH,S(OH), GV) 2.9 Id 1.6 


DP, degree of polymerisation. 


cryoscopy, cloud point and Sı nuclear magnetic resonance 
(NMR). j 

Figure 1 shows the number average moleeular® weights 
(cryoscopy) of (TII) in 5% (w/w) aqueous solutions as a function 
of pH within the range 2-12 (after several days equilibration) 
when the highest degree of polymerisation found was only 
about 3. 

The equilibrium molecular weights for (I-IV) (5% ın water) 
at various pH values (Table 1) clearly illustrate that (D) and (TD 
are more susceptible to polymerisation than (IM) and (IV), 
which contain the more ether groups. 

The cloud point of a 5% solution of (IID didnot change from 
thee original value following 4.5 h of heating at 92 °C, whereas 
that ofa 5% solution of (1) or (II) showed a reduction, indicating 
an increase of molecular weight. 

o 





Fig. 2 Possible configuration to give stability. 


The essentially monomeric nature of (ILI) in water was con- 
firmed by *Si NMR. At pH 5—6 a 5% (w/w) solution contained 
only a trace of dimer while a 50% (w/w) solution still contained 
75%, monomer and only 25% qymer with no oligomers. An 
aqueous solution of CH,O({CH,CHsO),CH,CH,CH,Si(OH); 
(III) evaporated to dryness gave a clear, viscous, water-soluble 
oil with a degree of polymerisation (cryoscopy) of about 7. 
*Si NMR showed this o1 to contain no monomer or dimer 
and to undergo slow depolymerisation in water over several 
weeks, 

The results suggest that by incorporating an ethylene oxide 
function by means of an Si-C bond into a silane triol, high 
solution stability can be attamed. At pH 5, for example, at 
which the polymerisation of a silane trio] is minimal and 
hydrogen bond formation near-optimal, the equilibrium 
degree of polymerisation reaches unity when four ether-oxygen 
atoms are involved. This stability could arise from the fact that 
the oligomers are soluble and hence, equilibrium would be in 
favour of depolymerisation. Compounds (I-IV), however, are 
all adequately soluble for this to apply and yet degree of 
polymerisation becomes unity only with (IU). 

This suggests that stability arises from full shielding of the 
silanol groups by intramoleculay hydrogen bonding with the 
ether-oxygen atoms A passible configuration (ignoring inter- 
posed water molecules) is shown schematically in Fig. 2. A 
stable, associated pair can also be envisaged in whichetite silane 
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triol head group of each molécule is embedded in the ethylene 
oxide chain of the other. ° 7 
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Palaeomagnetic field 
intensity variation recorded in 
a Brunhes epoch deep-sea sediment core 


DEEP-SEA sediments have been shown to possess a natural 
remanent magnetisation (NRM) that often can “be 
attributed to the statistical alignment of detrital magnetic 
grains in the Earth’s magnetic field at or shortly after the 
time of their deposition’?. In favourable circumstances 
this remanence can be interpreted as a record of palaeo- 
magnetic field behaviour™* In the study reported here we 


“hava attempted to describe relative variations in palaeo- 


magnetic field intensity on a time scale of 10‘~10° yr, 
during the past 700000 yr, using the palaeomagnetic record 
of deep-sea sediment piston core RCI10-167 (33°2’N 
150°23’E), which has an exceptionally thick section of 
sediment deposited during the Brunhes normal polarity 
epoch? (Fig. 1). After subtracting the stratigraphic con- 
tribution of several distinct volcanic ash layers interspersed 
with the otherwise uniform pelagic sediment’, we calculate 
an average deposition rate of 2.1 cm kyr” * between the 
adjusted level (1,470cm) of the Brunhes—Matuyama 
boundary (f=700,000 yr) and the top of the core, assumed 
t=0 yr. A 2-cm thick sample, representing about 1,000 yr 
of deposition, was taken at an average interval of 3.3cm 
(representing about 1,600 yr). This sampling placed a 
theoretical limit of 3,000-4,000 yr on the period of a 
resolvable sinusoidal variation. 

Progressive alternating field (AF) demagnetisation of 
the NRM in 12 pilot samples showed consistent directions of 
magnetisation, to within 10° of the initial value, with 
demagnetisation up to 4000e. The mean remanent 
inclination after 150-Oe AF is 512°, close to the expected 
dipole inclination (52 4°) for the core site latitude. The 
median demagnetising field (MDF; peak AF required to 
remove half the initial remanence) is high and relatively 
uniform, averaging 270+40 Oe (s.d.). The total magnetic 
coercivity distribution was investigated by progressive AF 
demagnetisation of an anhysteretic remanent magnetisation 
(ARM; imparted in a 1.0-Oe direct field coaxial with a 
1,000-Oe AF) and an 1isothermaP remanent magnetisation 
(IRM; imparted in a 1,000-Oe direct field). The average 
MDF value’ for the 12 specimens are 230+15 Oe for ARM 
and 170425 Oe for IRM. 

On the basis of these experiments we conclude that: 
(1) the NRM has a high magnetic stability with lttle con- 
tribution from unstable magnetic components; (2) the 
small scatter in MDF values for NRM, ARM and IRM 
shows that the magnetie coercivity spectrum is quite 
uniform over the lerfgth of the eore; (3) the high stabilities 
of remanence and the relative stabilitiesof ARM and IRM’ 
are ‘Indicative of fine-grained magnetic carriers; (4) the 
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cdercivity spectrum of NRM 1s madre tlosely approximated 
by ARM than by IRM in this sediment. 

We assume that the magnetisation acquisition process 
was the same at each stratigraphic level in the sediment 
and that the intensity of NRM ıs only a function of 
palaeofield strength and the magnetic mineral concentra- 
tion. The variation with stratigraphic level in the sediment 
(hence age) of NRM intensity, normalised to take into 
account fluctuations in magnetic mineral concentration, 
then might provide a record of relative variations in 
palaeomagnetic field intensity. We do not deal explicitly 
with the still poorly understood details of the magnetisation 
acquisition process in the sediment, and so absolute values 
of palaeofield strength are not obtained directly by this 
method. A similar approach has been used to describe 
palaeofield intensity variations across magnetic polarity 
transitions in deep-sea sediment cores". 

Because of our conclusion (4) &bove, we have chosen to 
use the intensity of ARM as a relative measure of the 
quantity of magnetic mineral carrying the NRM. The 
variation with depth in this core of ARM, however, is 
similar to that of initial susceptibility (Fig 1). Together 
they provide an internally consistent record of fluctuating 
magnetic mineral concentration. This correspondence 
Supports our inference of a coercivity spectrum that 1s 
uniform over the core length since the magnitude of ARM 
and initial susceptibility each are affected preferentially by 
different magnetic graig size ranges. By assuming that over 
this sediment core the intensity of NRM is uniformly and 
directly proportional to the strength of the magnetising 
feld and to magnetic mineral content as measured by 
ARM", the ratio of NRM/ARM should be directly pro- 
portional to palaeofield strength alone. In practice, we have 
used the ratio after partial demagnetisation of each 
remanence in 150-Oe AF, to remove any possible unstable 
magnetjc Components. 

A plot of the ratio of NRM/ARM (partially demag- 
netised) in the Brunhes section of core RC10-167 ıs 
shown in Fig. 2, The data have been interpolated linearly 
to 512 equally-spaced values (from the 448 samples 
measured), giving an interpolated interval of 2.9¢m (or 
about 1,400 yr). This was done to facilitate further analysis 
of the data. The ratio of NRM/ARM has a variation of 
as much as 100%, but more typically about 50%, about 
a mean value of 010 in the core. The record 1s nearly 
stationary as the linear trend js only —0 0036 for 1,470 cm 
(or 700,000 yr). Visually, three wavelength components 
seem to dominate the record. a broad baseline fluctuation 
with an apparent wavelength of about half the record 
length, a variation with an apparent wavelength of about 
Im which gives the record its dominant character, and 
last, a short wavelength component that seems to ride 
on the longer wavelength variations. 

A power spectrum analysis was performed on this record 
to identify better any periodic components. Power spectra 
were estimated using a direct (fast Fourier transform) 
method with a cosine-rectangular window, and finally 
smoothed with*a three-point Hanning filter’? (Fig. 2). We 
observe an initial falloff in power to a wavelength of 
approximately 25cm beyond which the spectrum is flatter 
and approximates the spectrum of white noise. This change 
in overall slope in the power spectrum may be a function 
of the remanence acquisition mechanism in these sediments, 
the periodic content of geomagnetic intensity variations or 
a combination of these. For example, deep-sea sediments 
may not acquire a stable remanence at the’ instant of 
déposition but rather at, or more importantly, over some 
depth below the sediment—water interface”. The record of 
palaeomagnetic field variations with periodicity of the order 
of the time in which stable remanent magnetisation is 
acquired will tend to be obscured. On the other hand, 
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Inclination 


Fig. 1 Inclination direction and 
intensity of natural remanent mag- 5 eta 
netism (NRM) against depth in we A Gal 
deep-sea sediment core RC10-167. 7 

Change in sign of inclination at 
15,3-m depth is interpreted* as the 
Brunhes-Matuyama magnetic re- 
versal boundary®. Solid bars on 
axis of inclination plot are the 
positions of volcanic ash layers’. > . 
Also shown 1s the intensity of 
ARM and the bulk susceptibility 

(k). The direction and intensity of 
NRM and the intensity of ARM 

are after AF demagnetisation im 

150 Oe. Magnetisation units are in 


c.g.s. B77. 3 
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sediment cores with higher deposition rates will need to be 
studied to determine*the contribution of geomagnetic field 
intensity variations to the shorter wavelength (less than 
about 12,000 yr) portion of the spectrum 

The power spectgum is dominated by periodic components 
with wavelengths of several metres and greater, and a 
component that forms a more coherent peak centred at 
a wavelength of about 90cm. We hesitate to ascribe the 
longer wavelength variation in NRM/ARM to that of 
palaeomagnetic field intensity. Our record is too short to 
evaluate such an apparent long period variation and it may 
reflect some long term lithological or diagenetic contro] on 
the remanent magnetism of the sediment that was not 
effectively normalised by the procedures used. On the other 
hand, because of its better defined and persistant character 
in the record, we feel more confident im interpreting the 
90-cm wavelength variation in NRM/ARM as a previously 
undescribed component of secular variation of palaeo- 
intensity. Its apparent period is about 43,000 yr. 

A bandpass filter centred on this wavelength (Fig. 3) 
shows that this component has about a 30% variation about 
its mean value, an amphtude of magnitude similar to that 
obtained for palaeointensity variation”, We note, however, 
that our interpreted palaeointensity variation has a period 
about four times greater than previous estimates’. This 
apparent discrepancy may be due to an inadequate defini- 
tion of variations in the relatively short archaeomagnetic 
record on which previou$ estimates of palaeointensity 
periodicity have been made. On the other hand, it may 
simply reflect a more complicated variation in palaeo- 
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antensity than previously suspected. The cause of this 
discrepancy is difficult to resolve, particularly because our 
record seems to lack sufficient resolution to detect the 
shorter periodicity of palaeointensity variation (about 
10,000 yr) estimated from the archaeomagnetic record. 

The long period and relatively large amplitude of the 
inferred 43,000-yr palaeointensity variation suggest that it 
is due primarily to a secular Yarigtion in the strength of 
the main dipole field, and consequently must reflect 
processes within the Earth’s core associated with its 
generation. Malkus’? has proposed that the geomagnetic 
dynamo may be driven by forces arising from the precession 
of the Earth’s rotational axis. The efficacy of this energy 
source in driving the geomagnetic dynamo has been 
questioned by somet" while others’ maintain that it is 
the basic driving mechanism (although convection may play 
some part). The Earth’s rotational axis precesses about the 
normal to ecliptic with a period of about 21,000 yr. The 
angle between the rotational axis and the normal to the 
ecliptic (the obliquity), however, does not stay constant 
but varies between approximately 22.1° and 24.5°, with 
an average period city of about 41,000 yr (ref. 19). The pre- 
cessional force on the core can be expected to vary with 
the obliquity. If precession has a role in driving the geo- 
magnetic dynamo, some sympathetic variation with obli- 
quity might be expected in the Earth’s magnetic field. We 
suggest that the apparent 54,000-yr variation in palaeo- 
intensity recorded in RC10-167 is near to the periodicity of 
obliquity, and reflects the modulation of a preceseionally- 
drjven dynamo by changes ın the obliquity. 
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Fig. 2 Lower trace shows the ratio 
NRM/ARM, against ash-free depth 
in core RC10-167, The initial set of 
448 sample measyrements has been 
interpolated linearly to produce 
512 equaily-spaced values. Upper 
trace. shows. power spectrum of 
NRM/ARM _ variation record 
shown in lower trace, using’ the 
fast Fourter transform with «a 
cosine-rectangular window. Esti- 
mates, of power spectrd were 
smoothed further by a three-point 
weighted (Hanning) filter. The 
solid bar 1s an estimate for the 90% 
confidence interval , 
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Although the magnitude of precessional force may vary 


“Sy anly less than 10% between times of’ maximum and 


minimum obliquity’, much less, than the variation in 
palaeointensity observed here, the relationship between the 
magnitude of precessional force and the field generated may 
not be simple. It is possible that some critical amount of 
energy is required to sustain dynamo action, as found in 
laboratory dynamo models”. Near this critical value, 
relatively small variations ın contributing forces, such as 
precession, may have pronounced ‘effects.in the magnitude 
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of the generated magnetic field. Figure 3 shows the 
variation with time in the Earth’s obliquity’ and in 
inferred geomagnetic palaeointensity as recorded in core 
RC1i0-167, assuming a linear time scale between the top of 
the core and the level of the Brunhes-Matuyama boundary. 
There seems to be a good correspondence in the expected 
sense between the palaeointensity and obliquity variations 
over this tıme, with obliquity maxima apparently pre- 
ceeding the inferred intensity maxima by about 5,000 yr. 
There 1s no Statistical compulsion to accept at the 90% 


Fig. 3 The vanation of NRM/ 
ARM in core RCIO-167 (bottom) 
and the same record (middle) 
filtered with a cosine-tapered band- 
pass centred at a. wavelength of 
90cm The time scale 1s based on 
the assumption of a uniform 
deposition rate (volcanic ash layers 
excluded). between the top of the 
í core (7 = 0 yr) and the level of the 
Brunhes~Matuyama magnetic re- 
versal boundary (z = 700,000 yr). 
Also shown (top) ıs the variation 
with time in the Earth’s obliquity 
from ref. 19. 
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confidence level the'efstence of the 43,000-yr period tn 
the NRM/ARM record on the basis of its power spectral 
density alone. We have some confidence in its reality, 
however, on the strength of two arguments—the apparent 
phase coherence with the variation in the Earth's obliquity 
and the knowledge that such a correlation is not physically 
absurd We recognise, however, that results from a single 
sediment core should be viewed with caution, especially 
when a global phenomenon is invoked in explanation. It 
is possible that the inferred palaeointensity variation in 
this core reflects a more local palaeomagnetic field 
behaviour or a physical property of the sediment, in spite 
of the magnitude and internal consistency of the observed 
NRM/ARM variation. Other periodicities of palaeofield 
intensity may also be involved These may be difficult to 
identify with certainty in this core because of the limited 
record length available to characterise any longer period 
variations, and because df the restriction imposed by the 
sampling interval and sediment deposition rate in resolving 
with confidence any shorter period variations. Nevertheless, 
we feel that the data described here provide sufficient*basis 
for serious consideration of a 43,000-yr variation in the 
palacomagnetic field intensity during the past 700,000 yr. 
Confirmation of the existence of such a variation is being 
sought in a deep-sea sediment core of different lithology 
and geographically remote from RC10-167..We point out, 
however, that of approximately 1,000 cores ¢hat we have 
studied palaeomagnetically from tke L-DGO core collec- 
tion, RC10-167, ıs unique’in having the longest complete 
record of the Brunhes normal magnetic epoch 

If the apparent correlation between variation in geo- 
magnetic palaeointensity and the Earth’s obliquity is 
substantiated by further work, several implications are 
apparent. First, it would provide evidence that forces 
avising from the Earth’s precession contribute to driving the 
geomagnetic dynamo Second, there is now good evidence 
that long term climatic variations have been contgsolled,. at 
least in part, by the Earth’s orbital parameters” Therefore, 
a correspondence between some component of climatic 
change and variations in the Earth’s magnetic field can be 
expected, due to a possible common mechanism 

K. McCamy provided helpful comments, W. Lowrie and 
W L Donn read the manuscript and D. Lafferty made 
the measurements. This research was supported by the NSF. 
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Growth of Pinus pamila 
and climate fluctuation. Japan 


TREE-RING analysis shows a rélatiorship between annual 
ring growth and climatic changes in the United States’~’ 
and in the Scandinavian countries; We have measured 
annual growth in terms of elongation of the terminal shoot 
of dwarf pine, Pinus pumila (Pallas) Regel, which is 
common ın the alpime zone of Japan and eastern Siberia. 
This tree was used as the indications of annual growth are 
clearer than in other plants The ages of branches used for 
measurement are 50-200 yr, although dating at >100 yr 1s 
difficult -We discuss here the relationship between the 
fluctuation in annual elongation of dwarf pine and olimatic 
changes in Japan or in higher latitude of Northern 
Hemisphere 

Elongation of the terminal bud of Pinus pumila starts in 
early June and terminates in late July The buds do not 
elongate further in the following years. Thus annual elon- 
gations of the past years are measurable and the number of 
years SO indicated agrees with the number of annual rings 
at the node. Annual elongation of the main shoot of the 
pine was measured on trees in many locations of the alpine 
zowe Of Japan There was uniformity of annual variations 
in elongation, among most of populations of different 
locations (Figs 1 and 2) Such a uniformity was even 
observed between® the populations of Mt Hakusan and Mt 


afi <P 


Fig. 1 Annual shoot growth of Pinus pumila in five stands*of 
the alpine zone of Japan. Yalues for shoot growth are means of 
60-20 plants The stands are shown in Fig. 2. Correlation co- 
efficient between each two stands. Mt Kisokoma~Mt Nortkura, 
1 = 0396; Mt Kisokoma—Mt Hakusan, r = 0873; Mt Kıso- 
koma~Mt Zao, r = 0.785; Mt Kisokoma—Mt Asahi, r = 0.701; 
Mt Norikura~Mt Hakusan, r = 0 362; Mt Norikura—-Mt Zao, 
+ = 0.325; Mt Norikura~Mt Asahi, + = 0.072; Mt Hakusan—-Mt 
Zao,? = 0733; Mt Hakusan—Mt Asahı, ı = 0.674; Mt Zao-Mt 
Asahi, 7 = 0.768. *Hybrid population of P. pumila and 
. P. parviflora, © 
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Asahi, though these two mountains are about 950 km apart. 
This result suggests that the growth of the pine is affected 
by climatic factors that predominate o¥er a wide region 
of Japan. ° ` a s- 

Annual elongatior® of the pine of Mt Kisokoma cor- 
related positively with the total sunshine in June, July and 
August of the previoys year, and/or with the mean tem, 
perature of June, July and August of the previous year 
(Fig. 3). There is presumably some dependence of growth 
on rain or snowfall Correlation between growth and sun- 
shine, however, is apparent even if effects of rainfall are 
ignored. 

There are many reports on climatic changes of the 


Earth". We measured the annual elongation of the old 
* + s : 
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Fig. 2 The location of thessaample stands of P. pumula and the 

meteorological station»where climatic data was collected. A, Mt 

Asahi; B, Mt Zao; C, Mt Norikura; D, Mt Kusokoma; 

E, Mt Hakusan; 1, Asahikawa; 2, Aomori; 3, Yamagata; 
4, Matsumoto; 5, Kanazawa and 6, Hamamatsu. 


pine (about 200 yr old) at Mt Norikura going back to 1890, 
and its fluctuation was compared with the data on fluctua- 
tion of temperature around the world’shown by G. S. 
Callendar (Fig. 4). In Fig. 4, the temperature of sub-arctic 
zones around 1890~1900 is shown as low and that around 
1940-1950 as high; elongation of the shoot was small around 
1900-1910, and large around 1940-1950. Thus fluctuation 
in elongation varies with temperature in the sub-arctic (60- 
73 °N) with a slight time lag. This coincidence with tem- 
perature fluctuation in the sub-arctic zone rather than in 
Japan is of note. A similar relationship was seen in other 
population of Pinus pumila with other data of temperature 
fluctuation in the Northern Hemisphere (data of J. M. 
Mitchell). Thus the growth of the pine in the alpine zone 
of Japan accurately’ reflects the” fluctuation of temperature 
in the Northern Hemisphere, especialgy in the sub-arctic 
zone, 
s 
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Fig. 3 Fluctuation of annual shoot growth of Pinus pumila of Mt 
Kisokoma in Japan and fluctuation of temperature (mean of 
June, July and August at six stations) and sunshine (sum of 
June, July aed August at six stations) and mean rice yield per 
acre in Japan®?. Each value of shoot growth is the mean of 40 
plants. The six meteorBlogical stations are shown in Fig. 2. 
Correlation and regression coefficients: (1) Temperature of 
previous year (x)}shoot growth (y), r= 0.291, Y(cm) = 
0.303x(°C)-+2.538. (2) Sunshine of previous year (x)~shoot 
growth (y), r = 0.407, Y(cm) = 0.001 .x(h)+0.726. (3) Rice yield 
previous year (x}shoot growth (y), r= 0.518, Y(cm) = 
0007x(kg per !0a)+1.306. (4) Sunshine (x)-temperature (y), 
r = 0.636, Y(°C) = 0.001 x(h)+17.080. (5) Sunshine (x)-rice 
yield (y), 1 = 0.685, Y(kg per 10a) = 0.072x(h)—7.714. 
(6) Temperature (x}-rice yield (y), r = 0.552, Y(kg per 10a) 
° = 43.207x(°C)— 549.355. 


Temperature 
fluctuation 
in Japan 


Temperature 
fluctuation in the 


PnGor growth sub-arctic zone (°C) 


(cm) 


IRJA 
0961 OS6I OF6l OF6I OC6I OÖlőI 006I 068] 
wy ef 





Fig. 4 Fluctuation of annual shoot growth of Pinus pumila of Mt 
Norikura in Japan and fluctuation of temperature in Japan and 
the sub-arctic (60-73°N) zone Values of shoot growth are the 
means of 33 plants. Climatic data from G. S Callendar’. 
Correlation coefficient and regression equations: (1) Temperature 
in the sub-arctic zone (x}-pine growth in Mt Norikura (y), 
r= 0835, ¥Y(cm) = 0895x(°G)+2 616. (2) Temperature in 
Japan (x)}-pine growth in Mt Nortkura (y), r = 0.396, Y(cm) = 
0.982x(°C)-+ 2 687. (3) Temperature in the sub-arctic zone (x)}- 
temperature in Japan (y), r = 0.298, Y(°C) = 0.144x(°C)+0.048. 
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Anrfual fluctuation offthe pine elongation in Mt Kisokoma 
was also compared wh annual fluctuation of the mean 
yield per acre of rice Ih Japan (Fig. 3). Rice yield per acre 
in Japan is affected mainly by sunshine and temperature of 
June, July and August. A similar trend of fluctuation is seen 
between pine growth and rice yield per acre of the previous 
year. 

Study of Pinus pumila, may thus be useful in the estima- 
tion of past environmental changes such as fluctuations of 
temperature and sunshine. 
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Strong attenuation of 
Rayleigh waves in Tibet 


THE Tibetan Plateau, which has an average elevation ef 5.0 km 
over 7x 10° km}, ıs the largest topographic mass Sbove Sea- 
level on the Earth. Because it is covered with Cretaceous lime- 
stones? its uplift must be Tertiary, and is probably related to the 
Himalayan continental collision. There ts considerable debate 
concerning its present structure and mode of formation. Various 
authors have theorised that Tibet was uplifted by under- 
thrusting of a second crystal layer?—®; by horizontal compression 
and thickening’ ~, or by low-density material in the mantle?®. All 
that ıs known with certainty is that it 1s isostatically com- 
pensated™, and covered with widespread Neogene calc-alkaline 
volcanic rocks!#, The study of Rayleigh wave attenuation 
reported here indicates that the lowermost part of the crust 
is partially molten, and that uplift has been due to horizontal 
compression. 

Because of its size, uniformity and difficult access, Tibet 1s 
most easily studied using seismic surface waves. Rayleigh waves 
have the advantage that they are not confused with Love waves 
even if horizontal refraction causes the waves to arrive from an 
unknown direction. Because there are no long-period stations 
north of Tibet, however, the attenuation cannot be measured by 
using two stations on one raypath. Instead, we have compared 
Tibetan paths with other reference paths that do not cross the 
plateau (Fig. 1). By normalising the wave spectra at short per- 
iods, the azimuthal factor in the source spectrum can be cancelled 
approximately, and the spectral differences at longer periods can 
be ascribed to attenuation or scattering. We chose a period of 
20 s for normalisation, because it is the average spectral peak on 
the seven reference seismograms. This method gives only a 
minimum value for attenuation, but records from the nuclear 
explosion of October 14, 1970 at Lop Nor give similar results 
without any normalisation. 

Data from six earthquakes ¢yielding 14 Tibetan paths) are 
shown tn Fig. 2. They were obtained by digitising the long- 
period vertical records from WWSSWN stations at Kabul, 
Nilore, Lahore, New Delhi, Shillong and Hong Kong. Before 
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differencing, the raw spectra A(w) were smoothed by the 
operation: ` i 





f 
[4 (o (552)! 
A (%0) = ——z 








On 11 of the 14 paths across Tibet, a large reduction in the 
amplitude of long period (40-50 s) Rayleigh waves is evident. 
This cannot be due to differences in the instruments hey are 
identical) or in the source spectrum or path length. They must 
result from different velocity structures under the stations, 
scattering or attenuation in Tibet. 

The effect of the first is probably minimal, because all stations 
except Kabul are on stable continental crust of about 40-km 
thickness!*"4, Selective reflection of long periods at the bound- 
aries of Tibet is probably more important. The plateau is, 





Fig. 1 Surface wave paths used to study attenuation. The Tibetan 
Plateau is outlined with mountain symbols; ©, earthquakes; 
A, Stations, -~~, Qa (40) < Qp(20);...... » Qx(40) > Qx (20); 


, reference paths. 





however, bounded by mountain ranges (Himalayas and Kun 
Lun) tn which the crustal thickness change is spread out over 
more than one wavelength. For such dipping interface problems, 
it has been found that reflection of Love surface waves is very 
small, so we do not believe that this effect accounts for the 
large spectral differences. These have been interpreted as the 
result of attenuation, so that: 


+ 


ana TG A() A r(0.05) 
min (Qa) = Sol ea | 


where Q g is the Rayleigh elastic quality factor, P is period, G 
group velocity, A the path length, and A,(m) the spectrum on 
the reference path. 

The minimum attenuation obtained (Fig. 3) has a peak at 
50-s period. The half-width of the peak is a factor of 2.8 in 
frequency, which 1s too narrow fo be produced by frequency 
dependence of a geologically complex medium with various 
relaxation times, byt ıs more likely to result from an increase of 
attenuation with depth, so that longer-period waves‘*are more 
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Fig. 2 Power spectrum differences in dB between Rayleigh waves crossing Tibet and those on reference paths from the same source. Period 


in s is given on the horizontal scale. The difference 1s set to zero at 20s to normalise 


ch curve. a, August 16, 1971 (1854 h), ref. HKC. 


b, August 16, 1971 (2237 h), ref. HKC c, February 5, 1966, ref. HKC. d, March 24, 1971, ref. KBL. e, March 16, 1964, ref. HKC. 
Í, September 28, 1966, ref, HKC. 
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Fig. 3 Attenuation of Rayleigh wives determined from (a) 
nuclear test data and (b) all data combined. Bars show the s.d. 


in attenuation. -——-, Single attenuating layer at 70-km depth. 
Attenuation goes to zero at 20-s period because of the nor- 
malisation performed. 


strongly affected. Assuming also that there are no purely dilata- 
tional dissipations, we can find the depth to the centre of the 
attenuating layer. Using an Earth velocity model compatible 
with observations on the group velocities of Rayleigh waves and 
the equations for a hofizontally-lagered Earth’, we find that the 
best-fitting single attenuating layer would, be centred at 70 km 
below the surface. Its ‘attenuation thickness’ (ratio of layer 
x e 


thickness to Q —! for shear waves) is 2 km, that ts, if the layer is 
10 km thick, tt has a Q of 5. Such extremely low values of Q 
are only found in two-phase (partially melted) rocks at such high 
pressures. There is, also, a suggestion of a second, deeper 
attenuating layer in the data (Fig. 3), which is not discussed here 
because it $ so poorly resolved. 

The Beological significance of the’ inferred partially-moiten 
layer depends on whether it is in the crust or the mantle. From 
the size of the gravity anomaly" we can estimate that the crust is 
between 55 km thick (if the mantle is as-hot and light as it is 
beneath mid-ocean ridges) and 70 km thick (assuming a normal 
mantle). Either of these thicknesses ts compatible with the 
group velocity data (Fig. 4) because the lower. crustal shear 
velocity ıs unknown. The velocity required in the 70-km model 


Fig. 4 Rayleigh wave group velocity data from 20 paths con- 
sisting of at least 50% Tibetan Plateau. Records were analysed 
by spectral amplitude technique?! and the spectral amplitudes 
have been summed. Total power is contoured in 5-dB intervals, 
and the shaded area indicates a swath within 2 dB of the local 
maximum. , Models with crustal thicknesses of 55 and 
70 km. —-~~+, Model with two normal continental crusts 


superposed 
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(3.8 km s-!) is more plaffsible, however, than the very low 
velocity required in the $-km model (3.5 kms~?). Also, the 
volcanics at the surface dre clearly of crustal origin®, and it 1s 
natural to associate the attenuating layer with their source region. 
We conclude that Tibet has a crust of about 70-km thickness, 
of which the lowermost part is partially molten. The inferred 
high temperature of the Moho ıs inconsistent with the crustal- 
underthrusting model for the formation of Tibet? It 1s suggested 
that the high temperatures may predate the Himalayarf con- 
tinental collision, and that they may have been responsible for 
extensive horizontal compression in Tibet after that collision, 
thus explaining the anomalously thick crust. At present, Tibet 
overlies an asthenosphere which extends into the lower crust, 
precluding any long term mechanical strength. This weakness at 
shallow depths is responsible for the umformity of Tibetan 
elevations over wide areas in the centre of an orogenic zone. 
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African Archaean mobile belts | 
and granite-greenstone. terrain 


ARCHAEAN granite-greenstone terrains such as the west 
African and Rhodesian Cratons, are frequently bordered 
by pene-contemporaneous, long-lived, high-grade mobile 
belts containing granulite facies supracrustals, enderbites, 
granite gneisses and anorthosites. For example, in Sierra 
Leone’, the granite-greenstone terrain contains low-grade 
supracrustal belts along NNE-SSW trends, while the dis- 
cordant Kasila Group granulite facies belt trends NW-SE, 
and forms the coastal border of the West African Craton. 
A similar relationship 1s found between the Rhodesian and 
Kaapvaal Cratons, which are separated by the east—west 
trending Limpopo Belt’ ’ The metamorphic, structural and 
lithological contrasts between mobile belts and granite- 
greenstone terrain have been ascribed to contrasts in 
heat-flow regime. ] attempt here to correlate field and 
experimental data to elucidate Archaean mobile belt-craton 
relationships. ; 
Greenstone belts -were probably initiated along linear 
‘rift-type’ structural weaknesses which developed as a 
consequence of tensional forces within the lithosphere at 
right angles to their trend’ These forces could be caused 
by drag from an underlying upwelling asthenosphere, as 
for example, in present-day axial rift zones in continental 
swells and mid-ocean ridges. The scale of contemporary 
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mant! ‘convection’ cells and associated orogenic belts is 
similar to that of the, mobile belts, buf dwarfs the 
dimensions and pèriodicıty of the Archaean greenstone 
belts. Experimenjs**® show that cenvection leads to the 
formation of bimodal structural spatterps; where convection 
cells may be primary or secondary, each having contrasting 
dimensions and orientations. I „propose here that mobile 
elts represent ‘super-greenstone bélt? structures due to 
primary linear asthenospheric upwellings, whereas secondary 
upwellings (Richter golls) give rise to greenstone belts, 
usually at a high angle to the trend of the pmmary structure. 
The inital primary upwelling divides the pre-greenstone 
terrain crust into two portions, separated by a zone which 
undergoes greenstone belt evolution that outstrips that of 
the relatively sluggish belts within the adjacent cgatons 
(Fig 1!) This contrast in evolution rate and scale between 
mobile belts and greenstone terrain ıs due to respective 
differences. ın heat transfer from the underlying 
asthenosphere 


GRANITE GREENSTONE 
TERRAIN 


BTM MA THC GRA 
LATE- KIWE MATIC GRANITE 
INTENSE PAPORMA TION 
ADJACENT TO a winn 


SECONDARY 
UPWELLING 





CONVEC TING  ASTHENOSPHERKE 7OOkm thisk” 


Fig. 1 Oblique view and section of+an idealised granite- 
greenstone—mobile belt relationship. 


Heat production and transfer within the Archaean 
asthenosphere and mesosphere was probably more than 
twice its present value’, and may have involved turbulent, 
rather than steady-state convective cells’. Elder® has also 
shown that within a convecting system there s a critical 
lateral distance between the mapile belt and the develop- 
ment of secondary linear systems. In ¢he African Archaean 
cratons the greenstone belts associated with the secondary 
cells are frequently enveloped by the deforming marginal 
zones of the mobile belt’ indicating that this critical distance 
was small This distance 1s governed by the loss of heat 
from the upper surface of the primary cell, which is the 
asthenosphere-lithosphere boundary, and the thickness of 
the convecting asthenosphere layer. Highly efficient loss of 
heat to the lithosphere could have arisen by convection 
within its granitic layer’, since convective diapirs of granite 
frequently distort the eriginally linear trend of the 
secondary cells to produce the less ordered structure typified 
by the ‘gregarious batholith’. Elder also noticed that natural 
breaks occurred within the secondary cells, which could 
explain the longitudinal impersistency of some supracrustal 
belts. 

The granulite facies mobile belts are characterised by 
linear and dome-—basin tectonic styles, where extreme 
deformation in the linear portions limited grain growth, 
and produced fine-grained basic granulites and platy 
quartzo-feldspathic rocks. The relative movement of the 
bordering cratons With respect to the mobile belt, by pure 
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and/or simple shear, ıs rešponsible for the plastic deforma- 
tion in belts and the development ®œf thrusts at their margins. 
The cause of the movement may be die to small angular 
shifts in the orientation of the bordering cratons, as they 
succumb to the eddy currénts in the underlying turbulently 
convecting asthenosphere. 

The high heat flowin the mobile belt may also be the kay 
to the close spatial and temporal relationships between 
granulite facies rocks and dayered calcic anorthosites‘. 
Anorthosites occur within and adjacent to mobile belts, and 
are characteristically coarse-grained, even pegmatitic, sug- 
gesting intrusion of a hydrous magma into hot crust. The 
restricted occurrence of layered calcic anorthosites within 
the Archaean*, and of most massif-type anorthosites to 
mobwe balts of Proterozoic age, suggests that they are 
formed within zones of extremely high heat flow Phanero- 
zoic anorthosites are also restricted to zones of high heat 
flow where lithospheric plates have® or are separating’. 

Ensialic Proterozoic belts’®, and those of the Pan-African, 
may be caused by processes similar to those of Archaean 


age. The post-Archaean lithosphere, however, was relatively» 


thicker, stronger and more sedate”, failing to allow the 
formation of secondary structures, so that greenstone belts 
did not forma contemporaneously with mobile belt activity. 
Phanerozoic ‘plate tectonics’ may represent the nal 
examples of a decaying process now only capable of pro- 
ducing endosialic orogens on the margins of continental 
lithosphere resistant to mobile'belt fornfation. 

I thank the Diamond Corporation of West Africa for 
finance, and R. A. Williams for’ discussions. 


Gane, H. R. WILLIAMS 
Department of Geology, r 
University of Sierra Leone, ° 
Freetown, 


Sierra Leone 


Received 14 December 1976, accepted 7 January 1977. 


1 Willams, H R. & Willams, R, A Precambrian Res 3, 505-508 (1976) 
2 Mason, R fhe Trans R Soc A273, 463-485 (1973) 

3 Coward, M P., Graham, R. H , James, P.R & Wakefield, J. Phil Trans R Sac 

A273, "487-491 (1973) 

4 Windley, B F., Phil Trans R. Soc, T 321-341 (1973) 

5 Elder, W. J Earth Sct 8, 287-303 (1972) 

6 Richter, F,M & Parson, B J.J geophys Res 80 2529-2541 (1975). 

7 Talbot, C J J geol Soc’ Lond. 127, 377-410 (1971) 

t Wells, M K Overseas Geol Min Res Bull se , (1962). 

9 Kristmannsdottir, H J Geol 79, 741-748 (197 

19 Davies, F.B & Windley, B. F Nature 263, 383 385 (1976) 
ii Brooks, C., James, D. E, & Hart, S R Science 193, 1086—1094 (1976) 








Isolation of amitrole-degrading bacteria 


THE herbicide, amitfole (3-amino-1,2,4-triazole) is degraded 
in soil within a matter of weeks under favourable con- 
ditions'’™*. This degradation may be microbiological since it 
is negligible in soils sterilised by steam'™™’ or chemicals’. 
Kaufman et al.*, however, consider amitrole breakdown to 
be primarily due to chemical processes since amitrole- 
degrading organisms have never been isolated from soil. 
They found that degradation of amıtrole. "continued in 


chemically ‘sterilised, though not in autoclaved soil. We 


report here the isolation of amitrole-degrading micro- 
organisms from soil, thus stfengthening the case for 
microbial degradation. 

Tenfold serial dilutions (from 107? to 105 of a sandy 
clay loam soil were prepared in each of three media: basal 
medium (0.03 g K2HPO,, 0.01 g MgSO,.7H:O and 30 p.p.m. 
amutrole, pH 73), medium 2 (basal medium plus 3% 
sucrose) and medium 3 (basal medium plus 3% sucrose, 
50 p.p.m. (NHy).SO,, 100 p.p.m. peptone and 20 p.p.m. yeast 
extract). The test-tubes of inoculated media were incubated 
at 25 °C over 6 Weeks and tHe amitrole ‘content in those 
with visible growth was measured gby Sund’s method’. 
Amutrole disappeared completely in medium 2 at soil dilu- 


Nature Fol 266 10 March 1977 


tions of 107° to 107° (Table 1), buf nô degradation ‘could be 
detected in any other treatment 

Pure cultures were isolated from tubes showing degrada- 
tion by dilution plating on to the same medium solidified 
with 1.5% agar. Of 36 representative Isolates reinoculated 


into medium 2, 10 were capable of degrading amitrole; 


‘nine of these were Gram-positive rods (Bacillus spp. and 


Corynebacterium spp.) and one was identified as Pseudo- 
monas Sp. . 





Table 1 Degradation of amutrole by soil samples 
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dilution 


10-3 
10-3 
10—~ 
10-* 
10— 
1077 
IOE a 


iie oi tıme (weeks) 
i 4 


Ko 
La: 


I I++ a 


S UO Vee (ee fa Fe 
ELERE] 


Iili b+i 
A Ee] 
ETIT] 


Duuted soil samples were incubated in [0-ml aliquots of medium 2 
at 25°C; —, no degradation; +, degradation. 


The relationship between growth of one amitrole- 
degrading isolate and amitrole concentration was determined 
by growing the isolatesin Erlenmeyer flasks of basal medium 
or medium 2 containing various amitrole concentrations. To 
prevent aerial contamination of the medium with combined 
nitrogen, each flask was sealed with a rubber stopper and 
connected with the exterior only by a U-tube containing 
H.SO,. In these conditions the isolate was Bee to fix 
molecular nitrogen. 

Growth was roughly proportional to herbicide concentra- 
tion yp to 256 p.p.m. amitrole in the medium with sucrose 
(Fig lẹ. There was little growth in basal medium with 
amitrole as the sole source of organic carbon as well as 
nitrogen. 

The inability of other workers to isolate M degrading 
organisms may have been due to their use of enrichment 
media with amitrole as sole source of organic carbon rather 
than nitrogen. It also seems that the decomposition of 
amitrole 1s inhibited in soil dilutiôns less than ! in 1,000. 
This could be due to preferential’ use of other'nitrogen 


d 
Fig. 1 Effect of amitrole concentration in the medium on growth 
of isolate Qs after incubation for 17d at room temperature 
(20°C average + 6°C). Mean of three replicates, in basal 


medium (©) and medium 2 (A) 
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sources’ present in goilf since the presence of combinéd 
nitrogen in medium 3 pfevented degradation of amitrole at 
any soil dilution. 

We thank the Rural Credits Development Fund and the 
University of Sydney for financial support, and Amchem 
for a gift of high purity amitrole. 
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Frequency of heavy-metal resistance 
in bacteria from inpatients in Japan 


IN many bacteria, resistance to heavy metals 1s associated with a 
plasmid'-*. R plasmids in Escherichia coli can determine resistance 
to several metallic ions such as mercury, cobalt and nickel’, anda 
penicillinase plasmid mediating resistance to mercury, cadmium, 
arsenate, arsenite, lead and zinc has been observed in Staphy'lo- 
coccus aureus':?, Mechanisms controlling bacterial resistances to 
mercury and cadmium are quite different although both are 
mediated by the same penicillinase plasmid*. Furthermore, 
microorganisms generally detoxify mercurial compeunds met- 
abolically by the formation of volatile mercury*>* or fnercury 
mercaptides!°-!2, It ıs of interest that resistance to these heavy 
metals is mediated by the plasmids which determine resistance to 
antibiotics Most of these heavy metals are established or possible 
causes of environmental pollution, methyl mercury causes ‘Min- 
amata disease’!3:!4 and cadmium causes ‘Itai-Itat disease’! 5-16 in 
Japan. The role of R plasmids in drug resistance has been widely 
studied!?7-2!, and extraohromosoma! determinants are a main 
cause of the increase in numbers of drug-resistant bacteria. Studies 
of heavy metal resistance have attempted to establish a re- 
lationship between resjstance toheavy metals and to drugs in the 
hospital environment??-?3 The factors selecting for these heavy- 


Fig. 1 The minimum inhibitory concentration 
(MIC) distribution curves of a, Hg, b, As,¢ Cd and 
d, Pb tesistances (by agar dilution test) for 564 
strains of E. coli (@), 331 strains of K pneumoniae 
(A). 787 strains of P aeruginosa (W) and 515 
strains of S. aureus (C]). The tested strains were 
isolated in the Clinical Laboratory of the Jikei g 
Hospital between 1974 and 1976 The metals, Hg, 
Cd, As and Pb were used as HeCl,, CdCi,, 
Na HAsO, and Pb(CH,COO),, respectively 
Nutrient agar was used for the metal resistance test 
because HgCl, was stable in it The distribution 
curves of Hg, Cd and As resistances show the clear- 
cut distinctions between the ‘sensitive’ and ‘re- 
sistant’ populations, except that the Cd resistance 
in S aureusis divided into three groups In the case 
of the Pb resistance in S. aureus, the distribution 
pattern clearly revealed two peaks In E colt, K. 
pneumomae and P aeruginosa, the distribution 
curves indicated that the resistance concentrations 
of each metal were 10 ug ml-! for He, 400 ug mi! 
for Cd and 400 ug mi! for As In S. aureus, the 
resistance concentrations of Hg, As, Pb, high and 25 
intermediate Cd were 10 ug ml~', 400 ug ml`!, 

l00 ag mli! and l0ug ml~’ respectively. . 
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metal-resistant bacteria have not yet been identified. We believe 
that heavy-metal-resistant microorganisms do not arise by chance, 
but, that‘there mufst’be selectional factors beyond’ mere drug 
resistance. One ofhese selectional factors may be environmental 
contamination by heavy metals. Tô investigate this possibility, we 
studied the frequency of drug and heavy-metal resistance im 
clinical isolates of E. colt, Klebsiella pgeumaniae, Pseudomonas 
aeruginosa and S. aureus. We report here that the frequency of 
heavy-metal resistance ın these strains was the same as, or higher 
than that ofantibiotic resistance. Some R plasmidsin E. co/rand K. 
pneumoniae also carried a resistance to Hg. 

Figure | shows the distribution curves of Hg, Cd, As and Pb 
resistances (from agar dilution tests), in 564 strains of E coli, 331 
strains of K. pneumoniae, 787 strains of P aeruginosa and 515 
strains of S au eus. The distribution of susceptibility to most of 
these heavy metals, against which a resistance developed, 1s 
bimodal. But in the case of a Cd resistance in S aureus, there were 
three groups of Cd sensitivity. 

The frequency of a resistance to these heavy metals and to 
several drugs for the tested strains ıs shown in Table 1. The 
frequency of the heavy-metal-resistant strains was the same as, or 
higher than the frequency of drug-resistant strains. Many strains 
were resistant to heavy metals, but remained sensitive to the 
antibiotics (21.6% of E. coli, 27 2% of K. pneumoimae, 19.5% of P. 
aeruginosa and 8.0% of S. aureus). 

We selected 348 strains of E. coli and K. pneumoniae resistant to 
Hg and examined the conjugal transferability of their resistance by 
using two recipients. One recipient, E. colt K12 ML1410-Nx, a 
nalidixic acid-resistant mutant and an As-sensitive segregant of E. 
coli K12, was used for the transfer of R plasmids in the first cycle. 
The other recipient, E col JE17-Rif, isolated in our laboratory, i 
rifampicin-resistant mutant and was used for the second cyan 
transconjugation. Both recipients are sensitiye to Hg, As, strepto- 
mycin (SM), tetracycline (TC), chloramphenicol (CM), kan- 
amycin (KM) and gentamicin (GM) but resistant to Cd. Among 
231 strains of Hg-resistant E. coli, 207 Hg-resistant R plasmids were 
isolated, and of these 195 were As resistant. Among 117 Hg 
resistant K pneumoniae, 110 R plasmids carrying an Hg resistance 
were also observed: 102 of these 110 R plasmids carried resistance 
to As. In E. coli, R plasmids with a*resistance to R(Hg,As; 
SM,TC,CP,KM) were isolated most frequently, followed by 
R(Hg,As, SM,TC,CP), R(Hg,As, SM,KM), R(Hg,As, TC,CP) 
and R(Hg,As, 6M,TC,KM), in that order. A similar result was 
obtained in K. pneumoniae The resistance patterns of R plasmids 
were similar to those of the resistant strains that were frequently 
isolated, showing that Hg resistance in these enterobacteria 1s 
mainly due to the presence of R plasmids (Table 2). 

Transferable R plasmids carrying Hg resistance were present in 
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Table 1 Frequency of heavy-metal resistance and drug resistance in £ coli, K pneumoniae, P aciugmosa and S ®u eus clinical isolates 
e a ° E colt K pneumoniae P aerugimiosa S aeus 
: No of resistant strains* 
Metalt Hg 323 218 591 187 
r > (573) à (65 9) (75 1) (36 3) 
Cd "524 > 324 759 491ł 
(92 9) (97 9) (96 5) (95 3) 
As. 342 276 779 © 25] 
(60 6) ' (83 4) (98 9) (48 7) 
Ph | —§ — a a 473 
, R (91 8) 
Drug** PC ND ND ND 454 
(88 2) 
eo, SM 377 223 405 144 
(66 8) (67 4) (51 5) (28 0) 
: TC 344 170 [25 171 j 
(61 0) (51 4) (159) (33 2) 
CP 315 163 324 ° 113 
(55 9) (49 2) (41 2) (21 9) 
KM 186 122 404 119 
(33 0) (36.9) (51 3) (23 1) 
. EM ND * ND, ND 220 
(42 7) 
JM * ND ND ND 198 
e (38 4) 
GM 9 12 108 0 
(18) © (3 8) (13 7) (0) 
Total no ofstrams ' 564 33l 787 515 





*Figures in parentheses represent % of total isolates. 
tHg HgCly, „Cd CdCl,, As Na,HAsO,, Pb Pb(CH,COO), 
tHigh Cd 458 (50 1°). intermediate Cd 233 (45 2%) 


We cannot detect Pb-resistant strains stnce the distribution pattern of Pb resistance shows only one peak 
Streptomycin(SM), tetracycline(TC), chloramphenicol(CP), kanamycin(KM) and gentamicin(GM) were at a final concentration of 12 5 ug ml“! for 
the selection of resistant strainsin E colt, K pnewnonae and S. aureus In P aerugmosa, cultures not inhibited by 200 pg of SM, TC, CP and KM per ml or 
25 ug of GM per ml were regarded as fesistant to each of the drugs In S aureus, resistance concentrations of penicillin(PC), erythromycin( M) and 


josamycin(JM) were 1 6 IU ml~! 25 ug ml™' and 29 ug ml~ 


most (89.6% of E. coli and 94.0% of K. pneumoniae) of the Hg- 
resistant isolates. It should be noted that there were three R 
plasmids carrying only Hg and As resistance in K. pneumoniae 
These three R plasmids were quite stable in both E. coli K12 
MLI4i0-Nx and £. coli JE17-Rif (Table 2f This 1s of interest as 
mercury 1s an environmental pollutant. 

Thus, frequency of a heavy-metal resistance was the same as, or 


' respectively ND, not determined 


higher than, that of an antibiotic resistance, and many isolates 
were heavy- -metal resistant but drug sensitive We isolated 317 R 
plasmids with an Hg resistance from Hg-resistant Æ. coli and K. 
pnetanoniae (91.1%, frequency) In addition, 297 R plasmids 
mediated As resistance F 

This work was supported by the Japanese Ministry of 
Education. 





Table 2 Demonstration of R plasmids carrying an Hg resistance in FE col and K pneumoniae isolates and then patterng of resistance to As and 
antibiotic 


ae 
Resistance pattern 
of R plasmid 


Hg, As, SM, TC, CP, KM, GM 


Hg, As, SM, TC, CP, KM 
Hg, As, SM, TC, CP, GM 
He, SM, TC, CP, KM 


Hg, As, SM, TC, CP 
Hg, As, SM, TC, KM . 
Hg, As, SM, TC, GM 

Hg, As, TC, CP, KM 

Hg, SM, TC, CP 


Hg, As, SM, TC j 
Hg, As, SM, CP 

Hg, As, SM, KM 

Hg, As, TC, CP 

Hg, As, TC, KM 

Hg, As, CP, KM 

Hg, SM, KM 

Hg, TC, CP 


Hg, As, SM 

Hg, As, TC 

Hg, As, CP , : 

Hg, As, KM 7 


„Hg, As t ; 
Total 20 


A 


A 
“AD DBS PRON Rh RAC RODOW ADH A 


Yering ran, 


% of E col: strains 
with R plasmid 


% Of K pneumoniae strains 


with R plasmid 
4(19) 3 3 (27) 
25 
69 (33 3) 3 31 (28 1) 
3 
24 
7 
81 (38 2) 5 2 40 (36 4) 
4 
3 
9 
4 
10 
2 
49 (23.7) I 28 (25 5} 
0 
2 
0 © 
2 
E 0 
4(19) 2 5(46) 
° l 
0 (0) 3 3 (2.7) 
110 
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Permanent segmental interchange complex 


in the termite Incisitermes schwarzi. . 


In a cytogenetic survey of the termites of Florida, we have 
found two species, Incisitermes schwarzi (Banks) and 
Kalotermes approximatus (Snyder) (Isoptera; Kalotermiti- 
dae), that possess segmental interchange complexes as a 
regular feature of their breeding system. This report is 
concerned with the chromosomes of Z. schwarzi, which has 
the most extensive complex of reciprocal translocations so 
far described in any animal species. The complex involves 
about half of the chromosome set, and is restricted to 
males. The occurrence of this interchange complex may be 
related to the social organisation of these insects, to an in- 
breeding habit of reproduction, or to the evolution of a 
mechanism of sex determination with multiple sex chromo- 
somes. 

The diploid number for both males and females is 32; the 
chromosome complement contains 4 or 5 acrocentric pairs, 
the remainder being metacentric or submetracentric. In 
female meiosis there are 16 bivalents; most of them are 
ring-shaped, indicating the presence of a terminal chiasma 
in each chromosome arm (Fig. la). In male meiosis in 7 of 
the 8 colonies studied, there were 9 bivalen& plus a ring of 
14 chromosomes (Fig. 16). (The males of one colony had 8 
bivalents plus a ring of 16 chromosomes; see Fig. 2.) All of 
the males from any one colony had the same chromosome 
configuration. The ring of 14 seems to be composed of 
metacentrics and submetacentrics; the chiasmata are 
terminal or nearly terminal. Judging from the chromosome 
numbers in anaphase I groups and in second meidtic 
divisions, disjunction from the ring in the first meiotic 
division seems to be regular, half of the chromosomes 
_ moving to one pole, half to the other. 

The restriction of the ring to male meiosis indicates 
“that the male is the heterogametic sex, and that the sex 
-chromosomes are incorporated into the ring. Although we 
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Fig. 1 Meiotic chromosomes in I. schwarzi. a, female; b, male. 
Whole termite colonies were collected from various locations in 
southern Florida (Fig. 2), and maintained in the laboratory ona. 
mixture of paper towels and sawdust from termite-infeseed = — 
wood, Chromosome preparations were usually made within a — 
month of @ollecting the colony. Gonads from winged imagoes 
were dissected out in 0.45% sodium citrate solution, treated 
for 3 min with 1.0 N HCI at about 60 °C, transférred to 45% 
aeetic acid for 15-20 min, squashed on a slide under a coverslip, 
rinsed in distilled water, air-dried, and stained with Giemsa 
(bar, 5 jum). 


have not yet identified the sex chromosomes in this species, 
this interpretation is supported by the observation that the 
sex ratio is approximately 1:1 (suggesting chromosomal 
determination of sex), and by the finding that in the relgjasle 
species K. approximatus, where the sex chromosomes can 
be more easily distinguished morphol@gically, they are 
indeed part of the ring. On this interpretation the males of 
I. schwarzi may have, in addition to one ‘standard’ set of 
autosomes and an X chromosome, six interchange 
autosomes and a neo-Y chromosome that evolved from an 
original standard set and an original Y by a series. of 
reciprocal translocations. Alternate disjunction from the 
ring of 14 chromésomes formed at “meiosis would ensure 
that the interchange autosomes would always be transmitted» 
to the progeny along with the male-determing neo-Y 
chromosome (Fig. 3). An alternative possibility is that the 


Fig. 2 Locations of colonies of J. schwarzi studied in southern 
Florida, @, Colonies with 9 bivalents and a ring of [4; W, 
colony with 8 bivalents and a ring of 16, | 
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Fig. 3 Diagram illustrating the hypothetical association of a 

neo-Y and interchange complex (shaded) with the X and the 

standard set of chromosomes (unshaded) in the male. a, Mitotic 

chromosomes; chromosome ends are numbered to show an 

example of segmental interchanges that would leid to ring 

formation in meiosis (b). The sizes of the chromosomes are 

arbitrary; thé X and Y chromosomes have not yet been distin- 

guished from the autosomes nor from each other in this species. 
whole interchange complex is a set of multiple, male- 
determining, sex chromosomes. a 

Such extensive reciprocal translocations, ordinarily 
expected to lead to chromosome imbalance in gametes and 
lethality in zygotes, evidently form part of a balanced 
em that has adaptive value for the species, as in the 
case of the more extensive exchanges found in the plants 
Oenothera (ref. 19 and Isotoma (ref. 2). I, is premature to 
speculate in detail on the genetic and evolutionary signifi- 
cance of the interchange complex in /. schwarzi, but the 
following comments point up some of its implications. 

An important genetic consequence of the interchange 
complex is that its chromosomes, and the standard set with 
which it is associated, behave as a single linkage group in 
the male; the interchange complex therefore tends to reduce 
the genetic variability that would otherwise result from 
independent assortment of the chromosomes involved. 
Interchange complexes similar to that found in Z. schwarzi 
also occur in the males of the dioecious plant Viscum 
(refs 3, 4), the beetle Cyrsylus volkameriae (ref. 5), some 
populations of the flea Nosopsyllus fasciatus (ref. 6), and 
some species of the centipede Orocryptops (refs 7, 8): and 
possibly in some females of the freshwater copepod 
Diaptomus castor (refs 910). The interchange complex in 
each of these casesemight represent an example of the 
evolution of a system of multiple sex-determining chromo- 
somes; or tt may have arisen by a series of translocations 
between the Y chromosome of a simpler sex-determining 
system and the autosomes, as a means of reducing vari- 
ability, or of maintaining heterozygosity, in a set of auto- 
somal genes. The genetic effect of the interchange complex 
in all these organisms may be related to thee reduction of 
crossing-over that occurs in the heterogametic sex of other 
organisms, notably in the males of the fruit fly Drosophila 
and in the females of the sikwosm Bombyx. 

The presence of the interchange complex might be 
importante in the evolution of socitality in these termites, 
similar in its reduction of genetic variability to the systems 
of parthenogenesis and male haploidy that characterise the 
other social insects, the ants, bees and wasps. The colony 
might provide a more uniform and stable environment, so 
that more genetically uniform individuals would be 
favoured, evolution of genetic uniformity might also be a 
necessary condition for the goevolution of the intricate 
hormonal and behavioural interactions that take place 
among the individual members of the colony. (Note, how- 
ever, that while 7. schwarzi and K. approximatus both have 

* 
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extensive interchange complexes, er species of termites— 
Termopsis angusticollis (ref. 12), Reticulitermes flavipes 
(ref. 13), Odontotermes redemanni (ref. 14) and Neotermes 
jouteli (unpublished observations)——do not.) 

The presence of an interchange complex in /. schwarzi 
may be the evolutionary consequence of inbreeding. The 
interchange complexes of Oenothera and Isotoma are 
associated with a self-pollinating habit of reproduction’”’; 
Darlington and La Cour’ obtained evylence in the plant 
Campanula that selfing and inbreeding favour, at least 
transiently, the maintenance of interchange complexes; and 
Lewis and John’? found interghange complexes in some 
isolated populations of roaches. In termite species in 
general, the reproductives that appear in the mature colony, 
at the time of swarming, are usually siblings. Because they 
are weak fliers and may not travel far from the original 
colony, and since in any case different colonies in an area 
may swarm at different times’’, Aew colonies in general are 
probably founded by two siblings from the same original 
colony, rather than by a male and a female from different 
colonies, These termites therefore may be highly inbred, 
and thus might provide another example of the correlation 
between inbreeding on the one hand and the evolution and 
maintenance of structural heterozygosity on the other. 

Note added in proof. We have recently found a third 
termite species that has an interchange complex in male 
meiosis: Neotermes castaneus (Burmeister) (Kaloterm- 
itidate). š 

ROBERT M. SYREN 
PETER LUYKX 
Laboratory for Quantitative Biology, 
Department of Biology, 
University of Miami, 
Coral Gables, Florida 33124 
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Parallel variation at an enzyme 


locus in sibling species of field crickets 
ELECTROPHORETIC surveys of levels of heterozygosity in 
animal species have established that populations often 
contain large amounts of genetic variation at loci coding 
for soluble proteins *. This has led to an extended debate 
about the causes of such variation. In particular, two 
opposing views have emerged, one emphasising the 
importance of balancing selection in maintaining the 
protein variation (selectionist) and the other emphasising 
the importance of stochastic processes (neutralist)’~°. Here 
I examine spatial patterns of variation at a single enzyme 
locus in two closely related insect species. I argue that 
since these sympatric species not only have similar mean 
frequencies of particular electrophoretic variants, but also 
exhibit a common pattern of geographic variation, parallel 
selection provides the only satisfactory explanation. 

As attempts to distinguish between the neutralist and 
selectionist hypotheses, Studies of spatial patterns of 
variation have often provéd to be ambiguous. In the 
absence of independent and accurate estimates of mutation 
rate, effective population size, gene flow or (in the case 
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of interspecific comparffons) time since divergence, both 
neutralist and selectiZ~nist arguments are sufficiently 
flexible to explain most observed patterns of variation. 
Moreover, since allelic variants can have identical electro- 
phoretic mobility, electrophoretically detectable variation 
may represent only a fraction of the total variation”. 
A single electrophoretic mobility class (‘electromorph’’’) 
may include many alleles with common mobility. Indeed, 
heterogeneity within single mobility classes has been 
demonstrated in several enzyme systems™™ 7", Recognising 
this possibility, recent models which consider the 
behaviour of slightly deleterious alleles suggest that 
similarity of electromorph frequencies among apparently 
isolated populations or species may reflect independent 
approximations of the same mutation-selection equilibria 
rather than the effects of balancing selection’’’’*. But the 
observation that electromorph frequencies vary in parallel 
in two sympatric species’ can only be explained by the 
latter hypothesis. Previous studies of enzyme variation in 
mussels” and fish have documented possible examples of 
parallel response to environmental factors. ° j 
Gryllus veletis and Gryllus pennsylvanicus are sibling 
species of field crickets (Orthoptera, Gryllidae) found 
together in southern Canada, throughout the north-eastern 
United States, and south in the Appalachian Mountains to 





Table 1 Mean PGI electromorph frequencies in &. veletis and 
G. pennsylvanicus 


Electromorph G. veletis G. pennsylvanicus 

PGT 0.001 So 
PGP 0.040 0.105 
PGP” 0.046 0.019 
PGT? 0.804 0.797 
PGI® 0.097 0 079 
PGI” 0,010 _ 

n 40 §2 





Each value represents the unweighted mean of elegtromorph 
frequencies in 11 populations from the eastern United States. » is the 
average sample size (number of individuals). Localities are described 
in Fig. 1. The most common electromorph is designated 100 and 
other gelectromorphs are given numbers corresponding to their 
relative mobilities. Crickets were frozen soon after collection and 
stored at. —80 °C. They were thawed immediately before electro- 
phoresis, the head and wings were removed and soluble proteins 
were extracted by homogenising legs, thorax and abdomen in 
0.4-0.6 ml of 0.1 M Tris, 0001 M EDTA, 5x10 M NADP, pH 7.0. 
Electrophoresis of phosphoglucose isomerase was on 12%, starch gels 
using the discontinuous LiOH buffer of Selander er al.. 


North Carolina”. They are exceedingly similar morpho- 
logically, have identical calling songs and are found in 
identical habitats'’®*'. They can be distinguished only on 
the basis of differences in their life cycles ™. G. veletis 
undergoes diapause as a late instar nymph and matures in 
May and June. G. pennsylvanicus undergoes diapause in 
the egg stage and adults appear in late summer. 

Using starch gel electrophoresis combined with histo- 
chemical staining, I examined patterns of variation at 17 


Frequency of PGI O? G.pennavivanicus 








0.72 0.80 (88 0.96 


Frequency of PGI'°°.G.veledis 


8.64 


Fig. 1 Frequencies of PGI in sympatric populations of 
G. veletis and G. pennsylvanicus. Each point represents a single 
collecting locality. Some localities were sampled in 1974, others 
in 1975. In no cafe, however, have data from more than 1] yr 
been combined. Along the dashed line electromorph frequencies 
are equal in the two species. r, = 0.82, P < 0.01. r, is the 
Spearman rank correlation coefficient. Localities: ©, Tompkins 
Co., New York; @, Litchfield Co., Connecticut; C1, Augusta Cim 
and Rockbridge Co., Virginia: W, Alleghany Co., North 
Carolina. b 


loci in G. veletis and G. pennsylvanicus for evidence of 
parallel variation in electromorph frequency. Of these 17 
loci, nine are essentially monomorphic in both species, Of 
the polymorphic loci, phosphoglucose isomerase (PGI) is 
unique in having nearly identical mean electromorph 
frequencies in the two species (Table 1). Analysis of PGI 
phenotypes in parents and offspring from single-pair 
matings confirm that the observed variation is genetic. 
Zygotic frequencies among the progeny are always con- 
sistent with segregation patterns predicted from the 
presumed parental genotypes (Table 2). 

To test for the possibility of parallel variation at the 
PGI locus, I plotted the frequency of the most common 
electromorph, PGI, in eleven populations of G. pennsyl- 
vanicus against the frequency of the same electromorph in 
sympatric populations of G. velgsis (Fig. 1). Samples were 
taken in the late spring (G. veletis) or late summer 
(G. pennsylvanicus) of 1974 and 1975. For each data point - 
late instar nymphs or adults of both species were collected ie 
from identical localities. There is an obvious correlation — 
in electromorph frequency (r.=0.82, P<0.01, Spearman 
rank correlation coefficient). Moreover, the data points fall . 


Table 2 Genetic crosses of phosphoglucose isomerase variants in’G. veletis and G. pennsylvanicus 
p 


Observed (expected*) No. of 
each phenotype among progeny 
65; 


Cross Parental phenotypes Species 100/160 100/125 100 28/100 Pt 
] 100 x 100 p = sa 7(7) a — _-_ 
2 100 x 100 v — ma 18(18) aa 7 ate 
3 100/160 x 100 v 23(17) a 1117) ~a ii 0i > P > 0.05 
4 100/125 x 100 y — 8(8) 8(8) — =- > 0.9 
5 100/125 x 100 y e 16(15) 14(15) — — 09> P> 0.4 
6 è 65/100 x 100 p aee — 17(17) W717) woe > 0.9 
ji 100 x 65/100 v em — 11(15) 19(15) mii 05> P>O0I 
8 100 x 25/100 y _— amem 1009) o e 89) 0.9 > P> 0.5 
9 65x100 ž ə p — venem — 15(15) ._ — — 
10 65 x 100 p mmm — —_ 1419) sağ wats 
eee nner na a 
*Expected assuming normal Mendelian segregation with no dominance. . 


ty? probability. x? calculated by using correction for small sample size. 
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close to the line of equal frequency; that is, the frequency 
of PGI" tends to be the same in*sympatric populations of 
the two species in spite of significant differences in electro- 
morph frequency bet¥een allopatric populations of the 
same species. A pl&t of PGI® frequencies in the same 
sympatric populations of G. veletis and G. pennsylvanicus 
also yields a significant correlation (r.=0.66, P<0.05). è 

All the collecting localities (including those within the 
same county) are thought to represent distinct populations. 
Both cricket species are predominanfy short-winged (more 
than 99% in the populations examined), and dispersal by 
flight is rare. Evidence from mark-recapture studies 
indicates that adults do not disperse very far on foot, 
even within areas of favourable habitat. Moreover, among 
population! of G. veletis and G. pennsylvanicus from 
Tompkins «County, New York, three of five polymorphic 
loci in each species exhibit significant heterogeneity in 
electromorph frequency (my unpublished results). 

Hybridisation and introgression between the two cricket 
species cannot be invoked to explain the data. In spite of 
repeated attempts, hybrid progeny have never been pro- 
duced in laboratory matings °>", Furthermere, I have 
found that natural populations of G. veletis and G. pennsyl- 
vanicus are fixed for different electromorphs at the 
phosphoglucomutase-! locus. No heterozygotes have Been 
detected among 266 G. veletis and 206 G. pennsylvanicus 
examined. a 

The environmental factors responsible for the observed 
pattern of variation have not been identified. The correla- 
tion in electromorph frequencies, however, is in large part 

“WM to parallel changes in mean electromorph frequency 
between crickets from different,geographic areas (Fig. 1). 
G. veletis and G. pennsylvanicus from Tompkins County, 
New York, have significantly lower frequencies of PGI" 
than populations from the mountains of Virginia. Crickets 
from Litchfield County, Connecticut, have distinctly higher 
frequencies of that electromorph. Superimposed on the 
regional pattern is considerable local variation. Although 
possibly due to seleation, local variation may also result 
from random differentiation in relatively small populations 
with low interpopulation dispersal rates. 

Two important questions remain unanswered. First, do 
the PGP” and PGI® electromorphs represent single allelic 
variants or are they heterogeneous assemblages of variants 
with common electrophoretic mobility? Second, does the 
PGI locus itself respond to environmental selection or is 
the observed pattern of variation the result of selection at 

closely linked locus? If PGP” and PGI®™ represent classes 
of alleles with commonemobility, then parallel variation 
may imply greater’ functional similarity of allozymes 
within a single mobility class than between classes. On the 
other hand, if PGT“ and PGI® each represent a single allele, 
then linkage alone can explain the parallel variation if 
recombination frequencies between the PGI locus and the 
focus under selection are very small (because disequilibrium 
must have persisted in both species since their divergence). 
Answers to these questions must await detailed structural 
and functional characterisation of individual electromorphs. 
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Possible role for acetylcholine in 
aggregation centre spacing 
in Polysphondylium violaceum 


WHILE ridding my laboratory of an invasion of flies, I 
tested the toxicity Of an organophosphate insecticide, 
2,2-dichlorovinyldimethylphosphate (DDVP), against the 
growth and development of Polvsphendylium violaceum 
strain PvD 7206. Plate cultures of the slime mould ex- 
posed to the vapours of a pest strip containing the insecti- 
cide seemed to grow and develop normally in most respects, 
but showed a startling increase in the number of aggrega- 
tion centres and sorocarps formed. I report here the results 
of pteliminary Investigations on the basis for this 
phenomenon. 

A major biochemical effect of the organophosphates is 
inhibition of cholinesterase and/or other serine-esterases 
by phosphorylation of serine at the active site. DDVP 
seems to be a direct inhibitor, acting without prior meta- 
bolic conversion by the organism’. The effect of exposure 
to the pesticide strip could be mest nearly duplicated by 
exposing postvegetative cells deposited on membrane filters 
to filter pads saturated with a solution of 3x 10°'M DDVP 
(Fig. ta, b). Concentratioms below, IXI0 M were not 
effective; concentrations above 5 10°°M inhibited aggre- 
gation. It should be noted that the exposure conditions are 
not precisely equivalent. Cells exposed to the pesticide 
strip are under continuous assault from the vapours, 
whereas DDVP on filters is at maximum concentration only 
at the beginning of the exposure period. The compound is 
volatile and may evaporate from the filter surface. It is 
also subject to attack by phosphatases* and may be actively 
degraded by the slime mould. 

The choice of PvD 7206 (ref. 1) for the initial assay of 
the DDVP effect proved to be fortunate. In dense plate 
cultures this strain aggregates with some reluctance; con- 
fluent cultures form extensive tortuous streams, but may 
produce only a few decisive centres and large branched 
sorocarps. Exposure to DDVP vapours increases the 
number of centres produced in these conditions nearly 100- 
fold, Other stocks of P. violaceum, for example, PvD 7209 
(ref. 1), normally aggregate avidly, producing hundreds of 
sorocarps, and the effect of DDVP is less spectacular. In 
populations of postvegetative amoebae allowed to develop 
on filters, there is little difference in the response of the 
two strains to DDVP; the number of centres is increased 
2- to 4-fold in either case. The low frequency of centre 
emergence seen in confluent cultures of PvD 7206 may 
indicate that this strain is unusually sensitive to the centre- 
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inhibiting mechanism involved in spacing in this species. 
Inhibition of centre formation by a diffusible substance 
emanating from previously established centres has been 
demonstrated in P. violaceugr, but the inhibitor has not 
been identified. 

The physiology of aggregation m P. 


violaceum is 
L] 





pm 





Fig. 1 Enhancement of centre formation in Polysphondylium 
violaceum by DDVP and acetylcholine. a, PvD 7206 on Bonner’s 
Salt Solution (BSS) (ref. 3); b, PYD 7206 on 3 10 M DDVP; 
c, PVD 7206 on 3 =» 107° acetylcholine chloride, All cultures were 
grown from spore suspensions spread on Cerophyl agar plates 
with Escherichia coli Bjr. Postvegetative cells were harvested in 
cold BSS. 50 yl of this suspension (2 ~ 10° cells) was deposited on 
Millipore filters. Cultures were allowed go develop on filter pads 
saturated with BSS, with BSS containing 3- 10M DDVP 
(from A. R. Hanks, Texas A & M University), or with BSS 
containing 3 = 107% M acetylcholine chloride ( < 8.6). 
+ 
generally less well studied than that of Dictyostelium discoi- 
deum. Genetic analysis indicates that about 50 loci are 
involved in the aggregation of both species’; there is no 
reason to believe that aggregation in P. violaceum is physio- 
logically less complex than it seems to be in D. discoideum. 
The morphology of aggregation in the two species is also 
similar; early chemotactic sigaals are propagated over 
large territories, leading to the formation of aggregates fed 
by well-developed streams’. Aggregation is, however, known 
to be different in the two species in at least two respects. 
in D. discoideum, the centre-initiating cell is not morpho- 
logically distinct. whereas in P. violaceum, identifiable 
‘founder’ cells initiate aggregation’. The acrasin for D. 
discoideum is cyclic AMP (ref, 9), whereas in P. violaceum, 
which also releases cyclic AMP and its phosphodiesterase’, 
the acrasin seems to be a small, heat-stable peptide-like mole- 
cule. Increased centre production in response to DDVP 
may represent a third difference. I could not demonstrate 
such an increase using filter-grown or plate-grown cultures 
of D. discoideum NC-4 or V-12 (D. W. Francis}. Neverthe- 
. DDVP is not without effect on this species. At con- 
centrations above 10 M aggregation is partially inhibited 
or delayed. At non-inhibitory concentrations of DDVP, 
centre and slug formation seem normal, but at culmination 
the slug tip regresses, the sorogens become club-shaped 
and may arrest without further, differentiation or produce 
sorocarps with relatively skort stalks. Slug migration is also 
suppressed. Hanks, (personal communication) has noted 
that another organophosphate, malathion, both accelerates 
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aggregation and increases the number of centres formed in 
submerged populations of D. discoideum AX-2. Whether 
this represents a response similar to thdt of P. violaceum 
to DDVP has not beea established. It may be a unique 
consequence of the use of malathion, the difference in assay 
< conditions, or the use of Ax-2; other idiosyncratic responses 
~ of the axenic strains have been noted". Some organophos. 
phates may, by acting as phosphate donors competitive with 
ATP, intervene in the membrane phosphorylation that pre- 
cedes and has been reported to accelerate aggregation in 
D. discoideum (ref. 13). | | 

The increased centre production by P. violaceum in the 
presence of DDVP suggests that cholinesterase or another 
serine-esterase is instrumental in determining the size of 
the aggreggtion territory in this species. The possible ex- 
istence of a cholinergic communication system in this 
cellular slime mould is appealing in view of the role of 
acetylcholine in synaptic transmission, and the suggestion 
of McMahon" that neurotransmitters may function as 
developmental regulators. Preliminary evidence that the 
DDYP effect is at least in part a consequence of inter- 
ference with a cholinergic mechanism is summarised in 
Table 1. Organophosphate inhibition of cHolinesterase 
might be expected to facilitate. an increase in the concen- 
tration of acetylcholine. Postvegetative cells of P. violaceum 
7206 exposed to exogenous acetylcholine (31073 M) 
showed an increase in centre production similar to that 
seen with DDVP. Culmination of these eentres may, how- 
ever, be incomplete, as the number of sorocarps produced 
seems to be intermediate (Fig. Ic); acetylcholine-treated 
opulations produce more sorocarps than control popula- 
Sm, but fewer sorocarps than DDVP-treated populations. 
Atropine, an acetylcholine antagonist, reduces or inhibits 
centre formation. Eserine, a known inhibitor of cholin- 
esterase, also stimulates centre formation, although its 
effect is less striking than that of DDVP. The difference 
may reside in their mode of action; eserine binds reversibly 
to cholinesterase, while the dimethyl phosphate of DDVP is 
covalently attached to the enzyme’. DDVP may also have 
effects other than those related to cholinesterase inhibi- 
tion, These observations suggest that acetylcholine reduces 
territory size in P. violaceum and that cholinesterase in- 
creases it. Further speculation about the meghanism of this 
activity and its relationship to cyclic nucleotide metabolism 
and the tonic fluxes of aggregation should be reserved until 
the elements of a cholinergic system are isolated and un- 











Table 1 Effect of various additives on centre production of 
| . violaceum 





+ 
Additive Relative no. of 
l | centres formed 
BSS ; 1.0 
DDVP 
3¢1075M 4.0 
«1075 M 2.5 
Acetylcholine 
31073 M 3.5 
1x 1O-3M A 
Atropine 
 3«I107"M š 0 
i xt0 M 0.6 
Eserine 
1407M 2.6 
Ix 107M | 1.6 


Filter cultures were prepared as indicated in Fig. 1, except that 
: some experiments were done using drop sizes at 10 or 20 pl for easier 
centre counting. Number of centres was determined by counting the 
average number of centres formed on three filters. Data from several 
_ Independent experiments werg combined for comparison by setting 
-all figures relative to an arbitrary control (BSS) value of 1.0. The 
“number of centres produced by control cultures averaged 17 for 
< 10-ul drops and 90 for 50-y1 drops. Variation for any set of testing 
conditions was 20°, or less. 
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eQuivocally identified. P. violac@unt synthesises® several 
DDVP-sensitive enzymes with terase $ 
McCoy, and Whitmore, unpublished observations); an effort 
to associate one or more of these enzymes with the centre- 
increasing effect of DDVP, and to identify a cholinesterase 
among them, has been initiated. 
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Frequency of mating-type 
switching in homothallic fission yeast 


THE genes determining mating type in the fission yeast Schizesac- 
charomy ces pombe are of particular interest in the general study of 
the geftetic control of differentiation. The genetic segments 
concerned, mar!“ and mar2’ specifying mating type (—) and (+). 
respectively’. are present. closely linked, in homothallic strains2. 
but on any one chromatid (that is in the cis position) they are only 
expressed in a mutually exclusive manner’. The segments‘of the 
mating-type locus, mat/™ and mar2’, govern the transition from 
vegetative growth to sexual reproduction. They act in a com- 
plementary fashion—one functional WW segment and one func- 
tional P segment are always required to initiate both conjugation 
(usually among haploid cells) and meiosis (leading to sporulation 
in either zygotes or diploid cells), the prominent events in 
differentiation in S. pombe. A mating-type mutant defective in 
meiosis but not in conjugation (art) mat2?") when crossed with 
wild type. produces sporulating and non-sporulating zygotes (Fig. 
l). These two classes indicate that in individual cells of either 
parent strain only one or the other mating-type segment is active?. 
Here | describe a single-cell evaluation of this cross. and show (also 
by single-cell techniques) that the frequency of mating-type 
switching in haploid and diploid strains is approximately random. 
A favoured mechanism for this type of switching is the inversion of 
a promoter element between the structural genes, the direction of 
the promoter detgrmining which mating-type segment is switched 
on. 

Cells of S. pombe are usually haploid during vegetative growth. 
It is only when the culture medium becomes exhausted, parti- 
cularly of nitrogen, that diploid zygotes are formed by pairwise cell 
fusion. If left undisturbed, these zygotes undergo meiosis and 
sporulation, thereby immediately regenerating the haploid state. 
Yet it is possible to induce diploid division in a small fraction of 
wild-type zygotes or very efficiently in certain mutints*. When 
Leupold introduced S. pombe into basic genetics (see ref. 2). his 
strain already consisted of a mixture of heterothallic clones. in 
which either mating type (( +) er (—)) is heritably stable or nearly 
so. and of homothallic ones. in which conjugation is possible even 
umong sister cells. Heritable changes of mating type occur in 
various directions'-3, usually of the order of 10+ per cell division: 
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Active ° + ABtive segment of strain ° 
segment (M P) 
of strain 
(M Pm) M ei P 

M 

or 

Pm 

Fig. 1 Zygote classes of cross (M Pm} x (M P). On the assumption 


that cells of either parent strain can only activate one mar segment or 
the other, the possible four pair-wise combinations are indicated by 
this scheme. Twocells expressing the same mating type do not interact 
and, at best, divide again mitotically. Two cells expressing opposite 
mating types can either sporulate, if the (+ ) cell is wild type, or not, if 
the (+) cell is mutant for the Pm allele. Since the genetic block of this 
mutation is effective before commitment to meiosis? and before 
premeiotic DNA replication!®, most zygotes of the latter class can be 
induced to resume diploid division by a transfer to growth medium. 


s 
this is more frequent than ordinary mutations, though well below 
the rapid switching reported here. 

In the cross of (M Pm) x (M P), illustrated in Fig. 1, both parent 
strains are homothallic and can produce zygotes by selfing, in 
addition to the really informative zygotes of hybrid descent. 
Colonies originating from the various classes of zygote can be 
distinguished by the expression of marker genes (two ade6 alleles in 
this cross) (Table 1). Evidently selfing (1, IT) was still preferred over 
crossing (HI, IV); but the hybrid colonies (HI compared with IV.) 
are compatible with a 1:1 distribution with regard to the two 
classes of zygote indicated in Fig. 1. A few non-sporulating zygotes 
in factegive rise to segregating haploid colonies rather than to 
diploid ones, leading to incidental misclassification. Some ad- 
ditional uncertainty is introduced by the unclassified number of 
zygotes (V) that failed to form colonies. The colonies produced by 
class II] zygotes contain sporulating and non-sporulating diploid 
cells. This aspect is discussed below. 

The next point of interest is the frequency with which cells can 
alternate their choice a¥to which mating-type segment is to be 


Colonies from zygotes of cross(M Pm) ade6-M216 x{ M P) ade6- 


Table I 
M210 
E G olour ii Colonies Interpretation 
1 Light red 109 diploid, homozygous for 
M216: selfing of (M Pm) 
H Dark red 68 haploid, 42/0; selfing of (M 
P) 
HI White 28 diploid, heterozygous M- 
216; M210; cross, diploidised 
zygotes ° 
IV Streak-sectored, 37 haploid, M216 and M210; 
light/dark red cross, sporulated zygotes 
V Zygotes that failed 76 ? 
to grow 


Cells of the strains (M Pm) ade6-M216 and (M P) ade6-M210 were 
crossed by the shift method!® (transfer to liquid medium devoid of a 
nitrogen source). After agglutination had just started, the culture was 
briefly sonicated@to reduce the chance of selfing in either parent strain. Two 
hours later, samples were streaked on agar slabs, and individual zygotes 
were isolated by micromanipulation. The slabs were then transferred to 
YEA plates (yeast extract agar, unsupplemented with adenine) and 
incubated for colony production. On this medium, both ade6 alleles used in 
thiscross can be distinguished by differ€nt intensities ofa pink pigment. No 
pigment is formed in heterozygous diploid colonies, owing to allelic 


complementation! +, 
e 





switching. 





e 173 


expressed. Unfortunately, clear-cut tests for both (+) and (—) 
mating-type activities of single cells, such as have betn worked out 
for budding yeast*, are not yet feasible in S. pombe. 

In the experiment considered hepe, a haploid, homothallic strain 
has been used that is wild type at itsamating-type locus (M P) but 
mutant at two other genes, Jus] and cdc2. Conjugation is initiated 
as usual, but cell fusion is prevented by the fus? mutation*. The 
cHe? marker is a temperature-sensitive celPcycle mutation blocked 
in nuclear division®. 

The rationale was as follows. Haploid cells affected by fus] 
could at best form ‘prezygotes’, pairs of cells recognisable by their 
attached conjugation tubes. The asci observed after high- 
temperature exposure could only have arisen by endo- 
diploidisation (provoked by edc2). The sister chromatids emerging 
from the previous replication are distributed to sister cglls if 
division is possible, or remain within the same cell after endo- 
diploidisation. Since different mating-type segments must be 
activated on sister chromatids in order to produce a pair of 
prezygotic cells after one division, or a single ascus without 
division, these events are suitable indicators of mating-type 

Results are given in Table 2. If the frequency of switching were 
high enough for one mating-type segment or the other to be 


Tabi? Oppositely activated mating -type segments on sister chromatids 
of strain (M P) ede2 Jusl 


í ~~ Hours at 36°C 

0-2.5 3.5-5 20 
Total 45] 184 56 
In ” 322 131 40 
2pz 68 (5) e amh 
la (1) 34 = 
Fraction pz; In lajin ® 

° =0.21 =z (}.26 





in, uninucleated cells at plating, as calculated from the fraction of single 
cells in the last column; 

2pz, one pair of prezygotic cells produced by the first division; 

la, single ascus, produced without division. 

Haploid cells of the strain (M P) fus? cde2 were cultured in liquid 
sporulation medium supplemented by a nitrogen source*. Cells were then 
plated on agar medium of the same composition but lacking the nitrogen 
source. Only one or two residual divisions are usually observed on this 
medium before induction of conjugation and/or meiosis. The plates were 
incubated at 36 °CYor different lengths of time and shifted back to 30°C. 
About 20 h after plating, all plates were inspected microscopically, and the 
different combinations of prezygotic cells, asci, or neutral cells that had 
been formed after one or two residual divisions were counted. The most 
informative configurations (2pz and la) are represented here. One plate 
(last column) was incubated at 36 °C throughout to calculate the fraction of 
plated cells that had been arrested without division at the non-permissive 
temperature (corresponding to the uninuclear fraction at the time of 
plating). ms 

+ 
activated at random on any one chromatid, just half the uni- 
nucleate cells plated to sporulation medium should develop to a 
single ascus or a pair of prezygotic cells. The observed frequencies 
reach about half this expectation, and may actually be closer to 
randomness if the efficiency of conjugation induction or of endo- 
diploidisation is less than 100°. 

The third experiment was designed to estimate frequencies of 
switching in diploid cells heterozygous for (M Pm)/(M P), which 
had been derived from the first cross (Table 1, class HHI). This test 
was performed as a pedigree ahalysis of cells on a growth-limiting 
and sporulation-inducing medium. In principle, each newly 
separated cell had three choices as depicted in Fig. 2. The rationale — 
was that the different combinations of activated mat segments, 
which are indicated for separate haploid cells by Fig. 1, are now 
carried by individual diploid cells. A cell could develop into an 
ascus, provided that mating-type segments were properly acti- 
vated in the wild-type combination, or develop the ‘premeiotic’ 
phenotype peculiar to the Pm mutation; or else it could divide 
again mitotically. The first twe possibilities’ represent the alter- 
native choices of complementary mating-type activation. The 
pattern by which these configurations are distributed through the 
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can best be explained by intra-strand fecembinational nfodels that 
allow for rearrangements of structhral genes relative to their 
controlling signals. Since, in S. pomba least, the respective silent 
segment of the mating-type locus is still located at its original 
position on the chromosomal map, a flip-flop model by means of 
an invertible promoter element between the structural genes of the 
mat!“ and mat2’ segments is favoured for this yeast”: the relative 
direction of the promoter element then determines the mating-type 
segment to be activated in conditions lor conjugation, Such a 
scheme has the advantage that a variety of genetic instabilities. all 
localised at the mating-type locus), can be attributed to a 
common mechanism of site-specific recombifiation. There are. of 
course. other explanations for a rindom-choice mechanism. but 
mutants have been described® that seem to reduce the rates of 
switching, so that sizeable clones of one mating type or the other 
. | are produced, which can best be explained by reversible alterations 
Fig.2  ‘bhree choices of heterozygous (M Pm)/(M P) cells. Diploid at the level of the gene. 


cells of a heterozygous (M Pm)(M P) strain were plated to The ind d ; i OP Rice in atin boih 
sporulation medium, and observed after being incubated overnight. e independent control of mating-type switching on bot 





The progenies of three individual cells are depicted in this illustrative, chromosomes of diploid Schizosaccharomyces cells is at variance 
though highly selected view, in which descendants of eip one cell with homothallism in Saccharomyces, where switching ceases after 
happened to be identical. a, Two asci have developed after one conjugation, and the resulting diploid cells stably transmit a once 
@vision. b, three premeitic cells have resulted from two divisions: ¢, e i + Runirntion"e anda he mati - of th: 

five still vegetative-looking cells have been formed by four divisions. assumed W/2 conhguration (a and x are the mating types of t at 
These possibilities were used to infer the states of acti®ation for the yeast), This discrepancy seems to be related to the different life 
different mat alleles during pedigree analysis. The i cee cycles of both yeasts. Most budding yeasts have evolved toa stable 
phenotype, attributable to the Pm mutation, is equivalent to the diploid growth phase by means of conjugating under growth 


aberrant elongation generally observed when DNA replication is 


cetectively inhibited. conditions and zygotic budding, whereas fission yeasts do not 


usually grow as diploids, since conjugation is confined to star- 
- 6 a ; ò ‘ 
vation and is followed by zygotic reduction and sporulation. 
Whereas the latter contlition does not require a special stabili- 
eis sation for the diploid state, continued mating-type switching is 
Data of this analysis are given in Table 3. In a. single cells are IP oe Rte kasha asia 
: ` Sa incompatible with the life cycle of a budding yeast. since it would 
aaluated with respect to the three choices listed above. The Soar D i 
m a E | ea eae inevitably lead to excessive polyploidisation. 
observed distribution is somewhat skewed in favour of dividing a a lg : 
Anii | ae This work was supported by the Deutsche For- 
cells and premeiotiecells. In b. cell fairs (sister cells) are evaluated, i i i i 
; : ba aam schungsgemeinschaft. 
and compared with theexpectation based on a random choice after 
each division and biased by the skewed distribution seen in a. 
ividently, even pairs (cc, pp. aa) are favoured over odd pairs (pc. Si iii - 
' a i ii pi if i ritability has to be a eai te instit für Biologie HI, 
ac, pa). Hence, a low degree rité has ass nanan Meld ecg aaan a dia 
ns TEE ANE ORTES OT aE f Universität Freiburg, D-7800 Freiburg, FRG. 
the different combinations of activated mat segments. On the other 


pedigrees should reveal for how many ditisions a given com- 
bination is propagated, or how frequently the cells can switch. 
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hand, the ‘pa` pairs (an ascus formed next to a premeiotic cell) Received 11 October. accepted 20 December 1976 
deviate relatively little ftom the expected vilue. i | Egel, R. Molec. gen, Gener. 148, 149 (1976) . 
A random-choice distribution corresponds to an average fre- : SH er K aN Sap O: Gaa, Biwi. 23, 161 (1958). 
ir í a WRT b * Ege Malev. gen, Genet. 148, 2 
quency of 0.5 switches per chromatid and division. If the actual + Egel R. Malec gen. Genet, D21, 27711973). 
` ney ore half : je > > ay ‘Tp ji » f, e * Hicks. J. B. & Herskowitz, l. Generics 83, 245 (1976) 
frequency were half that value, the expected Vifluc for a double © Nome. P.. Thuriaua. P.& Nasinyth. K. Afore. gen, Genet 146; 167 (1976) | 
event (changes on both chromatids), such as the formation ofa ‘pa’ ` Egel. R. in DNA Insertion Elements. Plasmids and EpMomes (eds Bukhari. A. IL. Shapiro. J. & 
; y > . . Adhya. S.) (Cold Spring Harbor Laboratory. in the press) 
pair, should have dropped to a quarter: from 75 to 19. This value is * Gutz, H., Meade. J. H. & Walker. S, Generics 80 Suppl.. $38 (1975) 
~ ader: »r th: > orya rat af thic ki * Crandall. M.. Egel. R. & MacKay. V. L. Adr. miwrob. Physiol. tS. 30711977) 
considerably lower than the observed 58 pairs of this kind. o Egel. R. & Epel- Mitani, M. Exp Cell Res. BẸ, 127 (1974) 
Randomness as to which mat segment Is activated on any one l Guz. H.. Heslot. H.. Leupold. U. & Loprieno. Nin Handgeuk of Genetics Ied. 4.C. King) 395 
fi (Plenum Press. New York- London, 1974) 


chromatid ts therefore fairly well approximated in both haploid 


and diploid cells of homothallic S. pombe strains. The cis-acting —LL 
functional exclusion of eitfr mating-type segment by the other r s i 

a a ane Rapid, chloramphenicol-resistant, 
activation of membrane electron 

transport on germination of Bacillus spores 








Table3 Pedigrees of diploid (M Pm) (M P) cells 


ál c p u Total za 
Diá 1322 488 328 3138 (32) KEILIN observed that the life cycle of diverse organisms includes a 
Fraction 0.62 0.23 O15 stage when life seems to be arrested, which he termed the 
b, pairs on pp aa pe b se pa cryptobiotic state, As an example of this, the mature bacterial 
aed Fi Ee Á. Sa ae a spore can remain dormant with no detectable metabolism for long 
) SCLEC h > Pa Ma éu: = e ‘ a x 3 
pe 3 periods and then on exposure to germinants, rapidly germinate 
c, Cell divided again a and outgrow in a synchronous manner, to yield a vegetative cell. 
p. Premeiotic cell | | We have been particularly interested in the composition and 
a, “Azygouc’ ascus (sporulated cell with haploid spores). activities of the membrane-bound electron transport chain in 
za. ‘Zygotic’ ascus (sporulated zygote with diploid spores), sporulating Bacillus megaterium KM (ref. ? i : 
Diploid (M Pm)/( M P) cells were cultured and streaked to agar slabs as ' oi sa “Be hp (ref. 2) and in the unique 
indicated below Table 2. Contrary to the previous experiment, however, reversed orientation which characterises the membranes sur- 
more than two residual divisions were possible this time, owing to some rounding the developing spore®. This report describes the rapid 
rh bir A ha heise haf ee ee Ko Sep changes observed in the membrane of Bacillus nfegaterium KM 
at had just divided. For several generations, sister cells were separ: y spores . re ‘ 
micromanipulation. The slabs were then incubated overnight and eval- # ae Serenneon and outgrowth. A rapid 
uated microscopically. Since conspicuous clustering of any sort was not chioramp enicol-resistant, activation of membrane NADH oxid- 
noticed in these pedigregs, only hairs of sister cells are considered here, and ase activity occurred within S-10 min of germination. Membrane- 
the data are pooled for the first four rounds of cell division. Occasionally, bound DL- 4-glycerol-P and L-fnalate oxidase activities appeared 
zygotic asci had been formed by inseparable sisyer cells; but these have not sequentially at later times and their; ‘ 
been cohsidered further. since their interpretation is ambiguous. ir appearance was prevented by 
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Table 1 Development of per membrane oxidase activities during spore 
germination and outgrowth 





Oxidase activity 


Time of germination (min) (nmol of O, per min per mg protein) 
NADH 


DL~a- L-malate 
Glycerol-P 

a b a a b 

Dormant spore (0) 48 — <2 — <2 — 
Heat activated spore (0) — 85 a <2 —.<2 
10 : — 639 … 26 — <2 
20 554 676 9.8 43 <2 <2 

50 728 718 39 30 22 28 


100 j 806 1418 44 1133 1!3 18 

The sporulation medium (CCY medium) used to produce spores was a 
modification of that used previously'* 1° This contained MgCl, 6H,O 
(05mM), MnCl, 4H,0 (001 mM), FeCl, 6H,0 (005mM), ZnCl, 
(0Q5mM), CaCl,6H,0 (02mM), KH,PO, (30mM), K HPO, 
(10 mM), glutamine (20 mg I"), acid casein hydrolysate (1 g 171), enzy- 
matic casein hydrolysate (1 g!~!), enzymatic yeast extract (0 4 g I!) and 
glycerol (0 6 g>) Mature spofes liberated on completion of sporulation 
in this medium were collected by centrifugation and repeatedly washed in 
deionised water (4 °C) Spore suspensions (50 mg dry weight mI7’) were 
heat-activated in deionised H,O at 70 °C for 30 min, allowed to cool to 
room temperature then resuspended in modified CCY mediufn plus 
germinants(1 mM L-alanine + 5 mM inosine) toa density ofabout 0 5 mg 
dry weight mi~? The suspensions were incubated at 30 °C on an orbital 
shaker (220r p m ) for various times before being chilled by addition of ice 
cubes followed by rapid centnfugation at 4°C The organisms were 
resuspended in 0 05 M Tris-HCl, pH 7 5 (4 °C), mixed with cooled glass 
beads and broken ın the Braun cell disruptor for 1 min with liquid CO, 
cooling Spore integuments and occasionally a few unbyoken organisms 
were removed by centrifuging (25,000g for 3 min at 4 °C) and the resulting 
supernatant was centrifuged at 105,000¢ fer 1 h at 4 °C to deposit the 
membrane fraction The membrane fraction was washed once by re- 
suspension in 0 05 M Tris-HCl (4 °C) containing 5 mM MgCl, Oxidase 
activities at 30 °C were determined as described previously? aand d refer to 
separate experiments 


chloramphenicol Evidence 1s presented to suggest that in the 
dormant spore the electron transport sequence 1s blocked in the 
region between NADH dehydrogenase and the cytocHromes 

Table | shows that both dormant and heat-activated spore 
membranes had essentially the same low NADH oxidase activity. 
Within 5-10 min of germination there was a 5-10-fold stimulation 
of NADH oxidase activity (Tables | and 2) that probably 
increased further during the germination and outgrowth sequence. 
L-malate oxidase activity was first detectable after 50 min and had 
not reached full vegetative cell membrane levels of activity 
(approximately 50 nmol*O, min`?! mgt) after 100 min DL-a- 
glycerol phosphate oxidase activity was detectable after 10 min 
and attained approximately vegetative cell membrane levels of 
activity (70 nmol O, mn~! mg `!) during the experimental per- 
iod DL-a-glycerol-P dehydrogenase activity showed a similar 
pattern (Table 2) 

It was of interest to see whether these changes in oxidase 
activities were the result of protein synthesis or activation of pre- 
existing proteins Steinberg ef a/.* had reported a rapid, chloram- 
phenicol insensitive increase in oxygen uptake in the first minutes 
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of B. cereus spore germination ,In an experiment where the 
dormant spore membranes had an NADH oxfdase activity of 
67 nmol O, min™'smg™! protein, the membranes of organisms 
germinated for 10 min in the presence or absence of chloramphe- 
nicol (100 ug ml~') had activities pf 723 and 855 nmol O, min™ 
mg’ protein, respectively This level of chloramphenicol com- 
pletely inhibits protein synthesis during germination of B. meg- 
*aterium spores*. When spores were gerrhinated with chloramphe- 

nicol for longer periods (Table 2), DL-a-glycerol P and L-malate 
oxidase activities did not appear, indicating a requirement for 
protein synthesis for Incorporation of these activities into the 
membrane. Once again, the initial rapid increase in NADH 
oxidase activity was unaffected by chloramphenicol but the 
activity subsequently decreased after 20 min (see Table 2), indicat- 
ing new protein synthesis to be necessary to maintain this level of 
activity later in the germination sequence ý 

To determine whether the NADH oxidase activation occurred 
generally over the whole electron transport sequence, or whether a 
specific portion was stimulated, certain segments of the sequence 
were assayed using artificial electron donors and acceptors (Table 
2) These experiments revealed that heat activation had no 
significant effect on the activity of any of the enzymes in Table 2, 
NADH-DePIP reductase activity was higher than NADH oxid- 
ase activity and did not change significantly on germination, 
NADH-cytochrome c reductase activity showed a dramatic 
infrease on germination, of the same order as the increase in 
NADH oxidase; and that ascorbate-TMPD oxidase activity was 
low and did not incrpase on germination. These results suggest that 
the electron transport sequence of the dormant spore membrane ts 
blocked between the dehydrogenase and cytochrome b regions, 

Room temperature reduced minus oxidised difference spectra 
did not reveal any rapid change in membrane cytochrome comet? 
during germination. NADH reduced aerobic minus oxidised, 
liquid nitrogen temperature spectra revealeð a lower steady state 
level of reduction of the cytochromes in the dormant spore 
membranes thanin membranes from spores germinated for 10 min, 
which together with the assays of the segments of the electron 
transport sequence, is consistent with a block located in the 
sequence before the cytochromes 

When spores were germinated ın phosphate buffer plus ger- 
minants immediately after heat activation (Fig. 1), oxygen uptake 
measured in the oxygen electrode was first detectable after about 
2 min The rate of uptake then increased rapidly, so that by 7 min 
the suspension Was respiring vigorously (25 8 nmol O, min”! mg? 
dry weight of spores). This oxygen uptake did not occur in the 
absence of germinants and was unaffected by chloramphenicol. 
The results were the same for spores germinated in the more 
complex modified CCY medium (Fig. 1). Inclusion of KF (10 mM) 
in the germination medium shghtly delayed the onset of rapid 
respiration but the final rate attained was little different from that 
of control suspensions, as described previously® With KCN 
(10 mM) present, the maximum rate of respiration was approxi- 
mately half that of the controls The rapid rate of respiration 
attained within the first 7 min of germination corresponds to that 


Table 2 Assays of segments of the electron transport chain duning germination 


NADH- NADH- : DL-a-glycerol-P- 
Time of NADH- 2,6-dichloroshenol- cytochrome ¢ Ascorbate- DL~a-glycerol 2,6-dichlorophenol- 
germination oxidase indophenol reductase reductase TMPD oxidase -P oxidase indophenol reductase 
(min) © a b c a b c a b c a b c £ b c a b c 
Dormant spore 99 44 -— 168 17) — 69 25 — 28 43 — <2 <2 — 5 9.7 
Heat-activated 74 — 40 106 — 238 28 — 33 26 — 4i <2 <2 <2 2 ,65 15 
spore 
So 377 239 — 19 144 — 175 160) — 39 39 — <2 <2 — 7 4.4 
' 10 425 416 400 20 168 145 182 159 159 28 45 31 58 48° <2 8 19.6 9 
20 1048 415 202 23 128 O79 190 135 120 53 26 26 39: l6 <2 80° 451 5 


The experimental details were essentially asin Table | Enzyme assays were carried out at 30 °C as described previously? * Assays of ascorbate-TMPD 
oxidase contained 10 mM ascorbate and0 i mM TMPD Correction was made for the low non-enzymatic oxidation of ascorbate-TMPD aand b refer to 
separate experiments, in c, the germination was carried out in the presence of chloramphenicol (100 ug ml!) E e activities are expressed in the 
following units NADH oxidase(nmol O, min™ mg protein); NADH—2,6-dich!orophenol-indophenol reductage (umol 2,6-diehlorophenol-indophenol 
reduced min“! mg protein), NAD#-cytochrome < reductase (nmol cytochrome c reduced min7! mg™ protein) Ascorbate-TMPD oxidase (nmol O, 
min`! mg~! protein), Di-a-glycerol-P oxidase (nmol O, min~! mg™! protein), DL-~«-glycerol-P~2,6dichlorophenol-indophenol reductase (pmol 2,6 
dichlorophenol-indophenol reduced min~' mg™! protein) p 
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Fig 1 Aliquots of washed concentrated spores in deionised water 
(10 mg dry weight ml‘) were heat activated by h€ating ina water bath 
at 70 °C for 30 min Immediately after heat activation, 0 2 ml of this 
spore suspension was added to the reaction vessel of the oxygen 
electrode Incubations were as follows +50 mM KH,PO,/K,HPO, 

H 7.5) containing | mM L-alanine and 5 mM inosine (b), c, dand e 
repeats of (b) with addition of 100 yg mi~! chloramphenicol, 10 mM 
potassium fluondegand 10 mM potassium cyanide, respectively, /, 
result of incubation in 50 mM KH,PO,/K,HPO, @H7 5)alone. The 
final incubation volume was 3 ml in all cases and the reaction vessel 

temperature was maintained at 30 °C 


observed by Steinberg et a/* and correlates with the observed 
Increase ın membrane NADH oxidase activity. 

This rapid chloramphenicol-insensitive activation of the re- 
spiratory membrane of the spore on germination seems to be a 
general property of Bacillus spores, since simular results to those 
described here have been obtained for all species 80 far examined 
including B. cereusand B subtilis The activation also occurs in the 
absence of membrane lipid synthesis which 1s not detectable until 
10 min after germination’. When spores were germinated in 
40 mM Tris-HCl] buffer containing either 1 mM _ L-alanine or 
40 mM calcium-dipicolinic acid’, the same pattern of NADH 
oxidase activation was observed. Since, in these conditions the 
spores could germinatebut not outgrow, ıt would seem that the 
activation is not inextricably linked to spore outgrowth. 

The biochemical basis of the suggested block in the dormant 
spore electron transport chain now remains to be determined 
Possible mechanisms to account for its rapid removal during 
germination include degradation or dissociation of an inhibitor 
and membrane conformational changes resulting from the expan- 
sion of spore membrane which ıs thought to occur early in 
germination. Although hpid synthesis is not detectable until 
10 min after germination 1s initiated, turnover of existing spore 
membrane lipids starts almost immediately on initiation and 1s 
therefore occurring the period of NADH oxidase activation’. 

Rapid increases in respiratory rates upon termination of the 
cryptobiotic stage have also been recorded for fungal spores®, and 
insects in diapause!°. To what extent activation of pre-existing 
enzymes 1s involved in these instances 1s not known. Activation 
dose seem to have a role in sea urchin eggs atter fertilisation, where 
the sudden increase in respiratory activity was found to be 
insensitive to chloramphenicol and actinomycin D (refs 1 1 and 12). 
In etiolated primary Jeaves*of Phaseolus vulgaris, green chloro- 
plasts formed during exposure to short light flashes did not exhibit 
Photosystem II activity. These chloroplasts? however, acquired the 
full Photosystem Il.activity within minutes after exposure to 
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cəntinuous light, suggesting that solne-form of actıYatıon 1s 
occurring}? Itis not known whether tipectvation 1s independent 
of protein synthesis 
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Solubilisation of 
atropine-binding material from brain 


MUSCARINIC receptors have been characterised extensively in 
intact smooth muscle!—’ and in subcellular fractions from smooth 
muscle?** and brain’-?° by reversible binding of’ l@belled 
atropine!*!°, propylbenzilylcholine®?°, quinuclidinylbenzilate 
(QNB) (refs 6, 8) and benzetimide**, or by alkylation with 
benzilylcholine* or propylbenzilylcholipe mustard? ”®-4, Several 
attempts to solubilise muscarinic receptors**1? have failed due 
to the inhibition of receptor binding by the detergent used for 
solubilisation**. We report here the solubilisation with 2M 
sodium chloride of an atropine-binding material from the ox 
cerebral cortex, which has properties similar to those found for 
the muscarinic receptor in subcellular preparations. 

Figure la shows the binding of (+) *H-atropme to a crude 
synaptosomal preparation isolated from the cerebral cortex; 
the measured dissociation constant (Kp) was 2.0+0.3 nM, the 
Hill coefficient ny was 1.0 and the concentration of the binding 
sites was 2.0 +0.5 nmol g`! protein. The high affinity binding of 
labelled atropine could be displaced by unlabelled atropine, 
scopolamine, lachesine and QNB. The estimates of the inhibition 
constants (K,) of these antagonists, together with those of 
agonists (determined in this study and by other groups) are 
shown in Table 1 There was close agreement between the 
constants measured in our preparations and those reported by 
others although, in our hands, QNB showed two distinct 
affinities (K, = 2x 10-7 M and 3x 10-8 M) of which only the 
higher affinity value has been reported before®, possibly because 
its binding had not been studied at sufficiently high concentra- 
tions, 

Figure 2 illustrates the inhibition by acetylcholine of binding 
of labelled atropine to the membrane preparations. The inhibi- 
tion curve indicates two binding sites for acetylcholine: a high 
affinity site with ID, = 10° M and a lower affinity site with 
IDs = 10-3 M. These values correspond to values of K, of 
3x 10-*M and 3x 10— M, respectively. Three other agonists, 
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acetyl-Bfmethylcholine, xotremorine and carbamylcholine 
gave similar biphasic cures for inhibition of atropine binding. 
` Their affinity constants#derived from the competition with 
3H-atropine were respectively 3 x 1078 M and 10“ M,3x 1077 M 
and 2x 107° M, and 2x 10-*M and 2x 107? M We found that 
the high-affinity binding component represented 35-45 % of the 
total number of atropine-binding sites, a figure similar to the 
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Fig. 1a, Binding of *H-atropine to a crude synaptosomal prepara- 
tion from ox cerebral cortex The subcellular fraction was the P, 
pellet of Gray and Whittaker’. A sample (0.25 ml) of the P, 
suspension in 30mM_ sodium phosphate buffer containing 
100 mM sodium chloride, pH 7.4, at a protein concentration of 
0.5-1.5 mg mi~ was incubated at the noom temperature for 10 
min with *H-atropine with and without unlabelled atropine. A 
200-ul sample was withdrawn and filtered on Millipore membranes 
and washed with 20 ml cold distilled water. Because the ‘off’ re- 
action of atropine from receptor is slow, the quantity of drug 
removed by this wash from the receptor should be very small. 
The filter was dried, then counted by liquid scintillation spectro- 
metry in toluene-POPOP. The specific binding shown in the graph 
represents the difference in counts between uninhibited and in- 
hibited (1 uM atropine) samples. Ky=20nM; yn = 1.0. 
Apart from the binding site shown, two others were detected at 
higher concentrations of atropine, with Ka = 4x 10-2M and 
Ka = 6x10-°M, their capacities being 20 and 180 nmol *H- 
atropine bound per g of protein respectively These two sites were 
not susceptible to muscarinic agents and thus unlikely to be 
relaged to the muscarinic receptor, (+) *H-atropine (170 mCi 
mmoi~!) was purchased from the Radio Chemical Centre, 
Amersham. b, Binding of *H-atropine to the solubilised receptor. 
The solubilised material was prepared as follows. Equal volumes 
of P, suspension (30 ml, at a protein concentration of about 
10 mg ml7') and 4M NaCl were mixed—giving a final NaCl 
concentration of 2 M—and the suspension was stirred vigorously 
for 2-3h at 4°C. It was then centrifuged at 15,000 r p.m. 
(28,000g) for 20 min, and the supernatant was diluted fourfold 
with 100 mM phosphate buffer pH 7.4 and recentrifuged at 25,000 
r.p.m. (83,000g) for 2 h in the SW 27 rotor of a Beckman LS—40 
ultracentrifuge To the resulting supernatant was added am- 
monium sulphate (55 g per 100 ml, over a period of [ h during 
which the medium was stirred constantly) and the materia! was 
then centrifuged at 15,000r.p.m. for 20min to obtain the 
precipitated proteins. The combined pellets were dissolved in 5 ml 
100 mM phosphate buffer pH 7.4, and dialysed exhaustively to 
remove ammonium sulphate. Finally, the dialysate was centri- 
fuged at 15,000 r p.m. for 30 min and the supernatant (referred 
to as the solubilised matenal) was assayed for *H-atropine 
binding. About 5% of the total membrane proteins was sclubi- 
lised. Proof that the material was soluble came from observations 
that no particulate matter was visible under the glectron micro- 
scope and that the material did not sediment when centrifuged 
at 83,000¢ for 2h. Binding of *H-atropine to the solubilised 
material was measured by rapid filtration on cellulose nitrate 
membranes (Selectron-Filter, type BA 85, 0.45 um, Schleicher 
and Schull). Free *H-atroprne was removed by washing the 
membranes with 20 mi cold distilled water. We could detect no 
binding if the solubilised material was heated for 10 min at 60 °C 
before binding assay. Ky, = 80 nM; my = 1.5. From com- 
parisons of atropine binding to the soluble material and to the 
P, fraction, before and after salt-treatment, we found that the 
number of solubilised binding sites was equal to 50+ 10% of the 
high-affinity P, sites (assuming quantitative absorption on tothe ` 
cellulose nitrate membranes). Binding of *H-atropine to the 
solubilised material is being studied by equilibrium dialysis to 
determine the effectiveness of the cellulose nitrate membranes in 
retaining the soluble material *H-atropine binding to the solubi- 
lised material was unaltered after storage at 4 °C for 5 d. 
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32% reported by Hulme et a/.*!°, These two components of the 
curve could represent idegtical muscarinic binding sites under 
different membrant restraints, or alternatively, only the high 
affinity site may be related to, the receptor. A single binding 
constant was found for pilocarpiae and,arecoline (10-* M and 
2x10 M, respectively) and choline was ineffective up to 
millimolar concentrations. The K, values found for both agon- 
"ists and antagonists agree reasonably well with those reported 
by Yamamura et al. for subcellular brain preparations and with 
the agonist binding associated with smooth muscle con- 
traction! ?%. Drugs unrelated to the muscarinic system generally 
did not displace the binding of labelled atropine. 

After treatment of a crude synaptosomal preparation with 
2M NaCl and separation of the solubtlised material by centri- 
fugation, binding of *H-atropine could be detected in the sol- 
ubilised fraction by a filtration assay (Fig 16). The binding 
curve was sigmoidal (nu = 1.5), half-saturation (Kf) occurring 
at 80-++-30 nM, and the concentration of binding sites was 40 +20 
nmol g™ protein. 

The concentrations of unlabelled antagonists which reduce 
by 50% the level of specifically-bound *H-atropine (8QnM) 
(ID x, values) were found to be between 20 and 50 times higher 
than the cotresponding concentrations found m synaptosomal 
preparations (Table 1). A single class of binding sites was found 
for each antagonist tested, the Hill coefficient being slightly 
greater than one (1.3-1.5) Competition by agonists of *H- 
atropine-binding was studied in the same way, as shown in 
Fig. 2 for acetylcholine. A single binding component was 
observed with IDs, = 10 M: the Hull coefficrent was 1.2. 
This competition was similar to the high affinity component 
observed for membrane preparations (Fig. 2). Oxotremorine, 
acetyl-B-methylcholine and carbamylcholine also displayet 
single binding constants (ID,, of 10-* M, 107° M and 6x 107* M, 
respectively). 

The solubilised material thus contained a single, high affinity 
binding site for agonists with an ID5ọ value which closely 
parallelled that of the high-affinity component in the subcellular 
preparation. The low-affinity site was either lost, inactivated, left 
unsolubilised or converted to the higher affinity form. Ant- 
agonists bound to the soluble fraction with QNB being the most 
active, followed by scopolamine, atropine and lachesine—the 
same order as binding to the membrane fraction—but in a 
sigmoidal fashipn and with lower affinities than to the membrane 
preparations. Such cooperativity may represent a transition of 
the soluble protein from a state of low to high affinity towards 


Fig. 2 Inhibition of specific 7H-atropine-binding to the P, fraction 

and to solub:hsed material by acetyicholine in the presence of 

| uM eserine sulphate The concentration of the 9H-atropine was 

4nM for the P, fraction and 801reM for the soluble fraction. 

Binding was measured as described inthe legend to Fig. I. 

©, P, fraction, @, P, fractron—high-affinity binding component; 
Í x, solubilised material. 
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i Table 1 Binding characteristics for membrane-bound and soluble atropine-binding di las 
td 


Particulate preparations Soluble material 


Rat brain* Rat braint Ox brain§ Ox brain§ 
Drugs i * ID; M) ID,, or K, (M) K, (M) IDs, (M) 
(4) Atropine {0-*—2 x {107-9 (8) 12x 107*(11) 2x 107° 8 x 1078 
(+) Scopolamine 8—9 x 10-1" (8) 6 x 10-1} 9x 10710 6x 1078 
Lachesine — 5x10 (11) 3x10 15x107 
(+) QNB 4—5 x 10-7" (8) 2x107! (11) 2x107 4x10 
i 3x107? R 
Acetylcholine 2—4 x 10— (8) 3.3 x 1077 (9, 10) 3x 10-* 107% 
i 2.5 x 1075 (9, 10) 3x 10-4 
(+) Acetyl-§-methyl 3—5 x 10-* (8) 8x107} 3x 10-4 e 10-5 
choline 66x1075 107 
Oxotremorime §—8 x 107? (8) 46x 107*f ae +a 10— 
x 10- 
Carbamylcholine 2—3 x 10-8 (8) 5 x 1077 (9, 10) 2x 1l0-* 6x10 
. e . 1.5 107° (11) 2x10— 
Arecoline 1—3 x 107 (8) ina 2x10- 4xio=> ” 
5 + 
Pilocarpine 7xi0— (8) 67x10} 10-8 ° 2x10 





From competition curves with *H-atropine, apparent inhibition constants were obtained for the membrane-bound material, according to the 
equation K, = IDo (1 -+C/Ka) where C is the concentration of radioactive ligand and Kg its dissociation constant (the concentration of (4) 
s}H-gtropine was 4-6 nM). In the case of the soluble preparation, ID, values are ta Vie because of the complex nature of the atropine-binding 
curve (Fig. 2). (+) ?H-atropine concentration was 80nM_ The following compounds had no effect on binding of labelled atropine at 20 uM: 
choline, d-tubocurarine, gallamine, a-toxin from Naje naja nigticollis, decamethonium, eserine, neostigmine, edrophonium and Tetram ((2- 
diethylamino)ethylphosphorothioic acid, 0,0-diethyl ester). 

*All values gre ID zo, that ts the concentration of drugs which reduced *H-QNB binding by 50% (concentration of 7H-QNB was 6 x 107"! M). 


Reference numbers are given in parentheses 


s 
+Values given are either dissociation constants (obtained from the reciprocal of the quoted affinity constant (ref. 11 and personal communication 
from N.J M. Birdsall)) or ID ,, values **, all derived from *H-propylbenzilylcholine displacement. 


t+Personal communication from N. J. M. Birdsall. 
Results from the study reported here. a 


antagonists. Analogous changes in binding properties have been 
observed in other systems after sokibilisation, notably ın the 
“ee of the nicotinic receptor’®. These results suggest that the 
solubilised material which shows gpecific atropine binding was 
derived from the “high-affinity component pf the membrane 
preparation which is most likely to be the muscarinic receptor 
site. 
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Calcium levels in the brain 

underlie temperature control 

during exercise in the primate 


ALTHOUGH it 1s known that the hyperthermia ın man accompany- 
ing steady-state submaximakexercise 1s a regulated mse which 1s 
virtually independent of the ambient temperature’, a fundamental 
question persists. What are the neural mechanisms involved in this 


regulated rise and in the ensuing hyperthermia encountered during 
a 


aA 


severe work in the heat? It has been proposed that the elevation tn 
the temperature set-point associated with fever has as its basic 
component a change in the hypothalamic balance between the 
essential cations, Na and Ca? (refs 2, 3) Is it possible that such a 
mechanism could underlie the shift in temperature set-point 
which occurs dunng exercise? To explore this idea, we undertook 
two types’ of experiments. First, an artificial cerebrospinal fluid 
(CSF) cgntaining excess Ca?* ions was infused into the third 
ventricle. Secondly the kinetics of endogenous Ca?, as reflected 
by its retention or release into the third ventricle, was analysed We 
report here that Ca?* 1ons, acting directly on the brain, canandeed 
attenuate or entirely block the hyperthermia of exercise without 
necessanily interfering with work output; further, the actual efflux 
of Ca?* tons from the diencephalon increases markedly during 
the exercise-induced hyperthermia ° 

Macaque monkeys were used, as the heat-regulating processes 
in man and subhuman primates are similar*. Two monkeys were 
seated in primate chairs and trained to exercise strenuously on a 
‘rowing machine’, using food pellets as reinforcers, so that they 
lifted up to three times their own body weight. Once the work rate 
had stabilised for an interval of 30 min, over several days, surgery 
was undertaken Following neurosurgical procedures® an array of 
three cannulae was implanted aseptically with the tips resting in the 
third ventricle, their patency was venfied by the standard CSF 
pulsatile method On recovery, the monkeys were exercised 
again for two 30-min periods every day for 2 weeks before 
infusions were undertaken 

When 0.5 ml of CSF was infused into the third ventricle at a 
constant rate over 10 min, the monkey continued to exercise, and 
its typical exercise-induced rise in colonic temperature persisted 
unabated. As shown in Table 1, however, the addition of excess 
Ca?* tons to the infusion medium attenuated the hyperthermia in 
a dose-dependent manner In one monkey (A), the elevation in 
colonic temperature was reduced by 72%, yet total work output 
was reduced by only 37%. In another monkey (B), the nse tn its 
body temperature due to exercise was virtually blocked (+0 2 °C) 
after the infusion of excess Ca? + tons, yet the declinesin total work 
performed was less than 25%. In both cases, when Ca?* was 
infused into the monkey’s ventricle in a sufficient concentration to 
induce a hypothermia, the mdnkey nevertheless exercised to a 
substantial degree On the basis of X radiographs taken ın the 
sagittal plane, the differences in location of the tips of the cannulae 
may account for the differences in the animal’s responses. 
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Table | 
amount of work perform 
environments 


Neutral Temperature Total work 

(22 °C db) Solution change ( C) (J per 30 min) 
Control 5-10n + 1,45 2018 
Monkey A Ca?* 2.5 mM +0 40 1258 
Ca?+ 10mM — 0.45 1018 
eet 5-ion +1 35 2795 
a** 10mM +1,05 2550 
MonkeyB . Ca?* 15 mM +0.20 2181 
- Ca? t 20 mM — 0.40 1045 
Heat {35 °C db) Control 5-ion +1.10 1338 
' Monkey A Ca?+ 2,5 mM +0.45 1192 
Cold (8 °C db) Control 5-ion +0.55 2036 
Monkey A Ca?*+25mM +0.05 1367 


To examine the effect of ambient temperature, we changed the 
environmental temperature of the monkey by a stream of hot or 
cold air blown into its chair 15 min before exercise and fer the 
30 min interval of exercise. In one monkey (A) we raised the 
ambient temperature to 35 °C and found that the excess calcium 
infusion (Table 1) greatly attenuated the exercise-induced rise in 
temperature without markedly affecting the amount of work 
performed. On the other hand, after the same monkey’s ambient 
temperature was lowered to0 °C (Table 1) on another day, its usual 
rise in temperature was abolished, Rut its work output was 
reduced by only 33%. 

To determine whether a physiologically-induced change in 
endogenous calcium actually occurs within the diencephalon of 
the monkey as it exercises, we radiolabelled the structures 
surrounding the third ventricle by injecting 6.0-8.0 wCi of *°Ca?*, 
in a volume of 6 ul, directly into the third ventricle on the day 
before an exercise experiment began. Before the 30 min of intense 
exercise, a series of 5-min push—pull perfusions of the tagged region 
were carried out at [5-min intervals ın order that a stable washgut 
curve of *°Ca? radioactivity could be generated. As soon as each 
monkey began to exercise, the efflux of **Ca?* into the perfusate 
rose gharply from 100 to 300% (Table 2). At the same time, the 
typical exercise- -induced rise of'temperature occurred. Following 


Table2 Percentage incregses in **Ca** activity above the baseline 
d.p.m. in perfusate collected during 30 min exercise (N = 2) and in the 1 h 
post-exercise interval (N = 3) 


: During exercise After exercise 
MonkeyA 163% 131%, 
___ Monkey B 249% 283%, 


the cessation of work, the augmented level of *°Ca?* in the 
perfusates (Table 2) continued for the next two to five perfusions, 
which corresponded to the interval of elevated body temperature. 

Our experiments provide new evidence that Ca?* is involved in 
the shift in temperature which occurs during exercise. In both the 
rat and dog exercising on a treadmill, excess Ca?* ions infused 
intracranially also attenuate the usual rise in the animal’s tempera- 
ture®-?, Therefore, it seems possible that the set-point for body 
temperature during exercise could be mediated by ions within the 
diencephalon’, and that the set-point shifts upwards mainly by 
means of an unbinding, change in transport, or other activity of 
Cart, 

It is clear that the rise in central body temperature during 
exercise” can be modified or entirely abolished without necessarily 
incapacitating the animal or preventing it from performing a given 
work activity. These findings may have important implications for 
the clinical problems associated not only with the mechanism 
underlying heat stroke, but also with 1unaway hyperpyrexia. 
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assistance. C. V. G. was visiting Associate Professor in Nęur- 


Changes ın colon temperature from baseline control and total 
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Chorionic membrane as an 
extra-adrenal source of foetal 
cortisol in human amniotic fluid 


STUDIES in animats suggest that foetal cortisol (F) may have 
an important role in foetal lung maturation and the 
mechanism of parturition. In man the situation is compli- 
cated by the greater permeability of the placenta to ot 
hormone’ and its intraplacental conversion to its biologically 
inactive metabolite, cortsone (E) (refs. 2-4). Many other 
foetal tissues giso convert F to E (ref. 5). As a result, 
human foetal blood contains a relatively large amount of 
E, and a lower F: E ratio. Recently, we observed that the 
F:£ ratio of amniotic fluid is considerably higher than 
that of cord serum‘. To explore this, the possible influences 
of the. foetal kidney, skin, gastro-intestinal tract, lung and 
membranes were mvestigated; only the chorionic membrane 
was found to convert, cortisone to cortisol. 

Foetal tissues and fluids were obtained at hysterotomy in 
patients undergoing abortions for maternal indications 
from 11-22 weeks gestation, at elective Caesarean section 
and vaginal delivery at term and from two anencephalic 
stillbirths. Placenta and membranes were also Obtained at 
vaginal delivery and amniotic fluids at amniocentesis. 
Endogenous F and E concentrations in fluids and homo- 
genised tissues were assayed after Sephadex LH-20 column 
chromatography, by radiotransiMassay using dog transcortin 
as described previously’. For the enzyme studies, pieces of 
tissue (0.5-1 g) were weighed, minced (except for amnion 
and chorion which were left intact) and added to 2.0 ml 
medium (0.9, saline, amniotic fluid, Krebs-Ringer bicar- 
bonate glucose buffer, or phosphate buffer, pH 7.4). Since 
similar results were obtained for all media, later studies 
used saline,only. Incubations were carried out for 2h at 
37°C in glass counting vials containing tracer amounts 
(100 pg) tritiated F or E with or without added cold 
steroid. Following additign of 10 ml ethyl acetate the vials 
were capped and shaken vigorously for 10min. Organic 
phase 5 ml was evaporated to dryness under air, dissolved 
in 0.2 ml methylene chloride: methanol 98.2 and applied 
to Sephadex LH-20 columns‘. This procedure separated 
the F and E fractions so that the radioactivity in each 
could be determined. Conversion was calculated as 
100 X C.p.M. product/C.P-M. product + substrate, less the control value 
calculated in the same way. Recovery of radioactivity as 
E+F was 80-100% that of the controls which consisted of 
tracer in medium prepared and incubated along with the 
tissues. Alternativ®€ controls consisted of identical tissue 
preparations placed in a boiling water bath for 5 min before 
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a Table 1 F and E in foetal fluids (ng ml ~1) 


Gestational * Amniotic fluid 
age (weeks) 5 i á z F E FYE 
11-16 e Mean Il 3.0 9.2 
s.e.m 06 1.6 
17-22 ¢ Mean 11 4.7 6,7 °* 
s.e.m. 0.9 1.0 
25-30 Mean e 4 94 51 
$.€.m. 17 Ll 
35 No. Í 2 24.7 28.0 
(anencephalic) No. 2 16.3 16.0 
36-40 Mean 7 18.0 10.6, 
(no labdur) sem, 3.0 2.6 
36-40 weeks Mean 5 28.5 18.9 
(Spontaneous labour) $.e.m 8.3 71 


Cord arterial serum Cord venous serum 


n F E FJE n F E FJE 
* 2 122 32.5 0.47 2 6.5 52.3 0.18 
*t} 6 6.7 17.3 0.35ł 6 3.7 20.7 015$ 
$ 26 45 O11 19 7.6 0.02 
2 15.6 80.0 0.20 e 2 39.7 163 0.24 
8.9 60.5 0.20 13.7 73 0.19 
5 36.0 62.0 0.57 5 20.5 70.5 0.29 
71 69 O11 56 36 0.08 
6 120 108 12 6 98 143 0.76 
245 15 O04 œ 7 -17 041 





*P<0.001; TP<0.05; TP <0.001. 


incubation. Identity of the products isolated from mem- 


branes and placenta was confirmed by recrystallisation to. 


constant specific activity. 

To simulaté conditions in vivo more closely, four experi- 
meénts were done in which layers of chorion and amfion 
from term placentas were placed over small shallow 
chambers 5cm in diameter, tracer in 10m] amniotic fluid 
was placed in the cavity lined by amnion, and the dishes 
were incubated for 2h at 37°C. Qualkdatively similar 
though quantitatively about half the conversion seen in the 
@matine incubation conditions was observed. When 10 ml 
saline was placed on the chorionic side, about one-third of 
the total activity Passed through, mainly in the converted 
form. When the tracer was placed in the saline, about 
one-third passed ‘into the amniotic fluid, again mainly as 
cortisol These studies show that steroids can pass through 
the membranes from either the maternal of foetal side. 
It seems likely, however, that diffusion between uterus and 
chorion would be slow, whereas that between amnion (and 
chorion) and amniotic fluid would b& hastened by the 
movement of the amniotic fluid itself. 





Table 2 Interconversion of F and E in foetal fissues (%) 





Tissue Gestational F> E E > F 
age (weeks) 
Kidney 12 39 3 
20 55 0 
35 (An) 83 3 
Skin 12 a 24 4 
20 59 3 
35 (An) 17 2 
Cord 3 2 
GI tract 
All 12 20 3 
Small bowel 20 27 17 
Stomach 35 (An 12 I 
Small bowel 35 (An 20 0 
Large bowel 35 (An l 2 
Lung 12 54 e 3 
Í 56 10 
35 (An) 22 3 
An, Anencephalic. 2 


Table I+ compares the endogenous concentrations of 
steroids found in cord serum and amniotic fluid. The F: E 
ratio was consistently higher in amniotic fluid than in cord 
serum at all gestational ages and rose with increasing age F 
levels equalled or exceeded E levels in amniotic fluid from 
25 weeks onward. 

Table 2 shows the integconversion of F and E in several 
foetal tissues at various gestational ages. Conversion of F 
to E usually occurred while conversjon of E to F was 
negligible, results in accord with previous studies’ and with 


the éndogenous concentrations shown in Table 3. The latter 
showed lower F E ratios than serum at all ages studies. 
In Fig. 1, the interconversions of F and E in chorion and 
in placental cotyledons are compared. The placenta showed 
high conversion of F to E throughout pregnancy. The 
reverse conversion occurred in the chorion with high values 
from 16.5 weeks until after labour had started, when they 
fell The back reactiens were consistently low averaging 
65% for placental EF and 10.2% for chorionic F>E. 


Table 3 Endogenous F and E ın foetal tissues (ng g~?) 


Tissue Gestational F E F:E 

, age (weeks) 
Kidney 12 2.2 24.0 0.09 
20 0.3 13.4 0.02 
ey 35 (An) 4.1 61.4 0.02 
Skin ° 35 (An) 0.3 10.7 0.03 

GI tract 

Stomach 35 (An) 0.5 14.0 0.04 
Small bowel 35 (An) 0.7 21.3 0.03 
* Large bowel 35 (An) 0.5 10.0 0.05 
Lung 12 1.3 21.7 0.06 
20 13 16.8 0.08 
35 (An) 2.7 18.8 0.14 


An, Anencephalic. 


Conversion ın both tissues was greatly decreased by boiling. 
No differences were seen in conversion in either direction 
when 100ng ml"! F or E was added to the incubation 
medium of three placentas and three chorionic membranes 
(two from early pregnancy, one from late pregnancy) Little 
or no activity was seen in the amnion. When the chorionic 
membranes were examined microscopically, a layer of 


Fig. 1 F-E interconversion: ın placenta FE (©) and chorion 
E-F (@) An, Anencephalic; dotted lines, mean trends. 
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' Table 4 Endogenous F and E concentrations in placenta and choriop (ng g~*) . 
P P A pee e E a a E N a RRS a S a eT 


- Placenta Chorion 
Gestational age (Weeks) F E eee oor eo F: . F:E 
Early pregnancy 13.5 2.0 183 0.012 13.7 ® 25.0 0.55 
16.5 0.8 50 0015 46 21.5 0.21 
16.5 3.0 117 0.026 695 2.0 34.7 
17 30 103 0,029 21.6 ° 4.0 5.4 
19 25 % 60 0.042 28.0 0.6 44.8 
Premature (anencephalic) 35 12.9 295 0.044 194 47.0 A.J 
35 5.4 160 0 034 ° 54 19.2 2.8 
Term ' 38+ — a — 11.4 0.6 18.0 
° 39 219 57 0.38 59 0 14.0 4.2 
e 40 75 489 0.015 16.3 4.0 4.1 
40 79 226 0.034 52.5 16.1 3.3 
40 6.7 253 0.027 43.5 11.5 3.8 
Mean 0 06 a 12.5" 
s.e m. -+0.03 +4.8 





*Excluding values from 12-16 5 weeks with F: E <1. 


maternal decidua was frequently adherent. Membranes from 
which this material was carefully scraped off retained their 
original activity The uterine wall was also foung to econ- 
tain the same or a similar enzyme and this is currently 
under investigation? No significant conversion of E or F 
was found when chorionic membrane from a single guinea 
pig killed under ether anaesthesia at 58d gestation was in- 
cubated similarly. 

The results of these in vitro studies are eurther sub- 
stantiated by the endogenous levels,shown in Table 4. A 
high F E ratio was seen in chorion and a much lower 
(P<0 02) one in placenta 

These observations show that the chononic membrane 1s a 
metabolically active tissue which behaves differently from 
placental cotyledons. The mse in chorionic conversion of E 
to F in early pregnancy corresponds to the rise at 15-20 
weeks in amniotic fluid cortisol which we reported pre- 
viously". This chorionic conversion of E to F*accounts 
also for the rising F: E ratio in amniotic fluid relative to 
cord serum observed through pregnancy The declining 
activity in labour accords with the lesser change in amnio- 
tic flid F E ratio during labour despite the surge of F in 
cord blood associated with its spontaneous onset. 

These results may explain the poor correlation we have 
found between amniotic fluid cortisol and lecithin or the 
palmitic : stearic ratio fref. 11). Amniotic fluid cortisol is 
mostly diffusible’ and is presumably taken into the foetus 
by swallowing or other means, possibly by diffusion into 
the lung. In sheep the lung ıs known to produce fluid 
steadily, making absorption of cortisol unlikely” In man 
there are few data and these are controversial’’. Since the 
chorion in anencephalic infants seems to be normally 
active and since some of these infants breathe at birth, 
absorption of amniotic F through the lung or open cranium, 
might account for the relatively normal lung development 
seen in some anencephalics despite poor adrenal function”. 

The author thanks Mrs Doreen Vedady for assistance; Dr 
Mary Ellen Kirk of the Pathology Department for examin- 
ing the membranes; and Dr Indra Antonipillai and Miss 
Mary Patchell for preparing the scraped membranes and 
assisting with the recrystallisatton studies 
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Spectrin is absent in 
various tissue culture cells a 


A HIGHLY sensitive radioimmunoassay has þeen developed for 
human spectrin, ohe of the major components of the erythrocyte 
membrane!~°, We report here use of this assay on cells of human, 
monkey and rat origin and show that spectrin is absent from all cell 
lines studied, with the exception of erythrocytes. These findings 
seem important when models which invoke spectrin to regulate 
membrane fluidity,72 or membrane-cytoskeletal interaction?!° 
are considered. ° ° 

Spectrin 1s extracted from erythrocyte ghosts by alkaline 
solutions of low ionic strength? Purified spectrin consists of two 
high molecular weight polypeptides (molecular weights of 250,000 
and 220,000) that are-different from the myosin heavy chains?"? 
The properties that make spectrin of major interest for general- 
isation about a specific membrane protein are its abundance in the 
membrane protein fraction (approximately 25% of membrane 
protein)!~° and its localisation exclusively on the cytoplasmic side 
of the erythrocyte membrane*® In addition, it is generally 
assumed that spectrin has an impowtant role in regulating the 
mobility of transmembrane particles in the plane of the memb- 
rane’’® and that an interaction between spectrin and actin 1s 
involved in maintaining the shape and morphology of the 
erythrocyte”*° Particularly interesting ın this respect are reports 
on the association of spectrin and actin and the effects of spectrin 
on the in vitro polymerisation of actin!!! Proteims with ‘spectrin- 
like’ properties (that 1s, high polypeptide molecular weight, 
solubility in low salt, and lack of myosin-like ATPase activity) 
have been found in echinoderm sperm!?, sea urchin eggs'*, 
macrophages!* and Acanthamoeba'® where they are also assumed 
to regulate the polymerisation of actin. These studies suggest that 
spectrin may be an ubiquitous protein in eukaryotic cells. Painter 
et al +°, however, were unable to detect spectrin by complement 
fixation in HeLa cells or in human fibroblasts, lymphocytes or 
platelets at a level higher than the background of the assay which 
was approximately 0.1% of the total cell protein. This assay was 
not very sensitive because even in erythrocytes spectrin accounts 
for only approximately 0.3% of the total cell protein* and because a 
‘spectrin-like’ actin-binding protein has been found at the 1% 
level'> Concentrations of spettrin corresponding to 5% of the 
myosin content of most non-muscle cells would not have been 
detected, so the data of Painter et al +° do not exclude a potential 
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Fig. 1 Competition of unlabelled with '?°I-labelled human spectrin 
for binding to a specific antibody. Punfied spectrin was iodinated ina 
reaction mixture (60 yl) to which 2 ug human spectrin, 0.5 mCi 
carrier-free Na 1731, 25 pg Chloramine T, and 62 ug Na,S,0, were 
sequentially added'*®, After separation of the labelled protein and 
unreacted Na 1°51 by gel filtration on Sephadex G-25, &he radioac- 
tively labelled spectiin was rechromatographed on Sao 4B in 
order to elimmate some aggreg: ted material, The specific activities of 
the preparations vanied between 45 and 100 uC: per ug of spectryn 
Unlabelled human spectrin (0 2 ml) at various concentrations was 
preincubated (18h at 4°C) with 01 ml of a crude IgG fraction 
(21.4 mg protein per ml; diluted 8000-fold) of rabbit anti-human 
spectrm After addition of 0 1 ml '?*I-spectrin equivalent to about 
0 2 ng of protein, incubation was continued for 48 h Carrier rabbit 
IgG and enough sheep anti-rabbit IgGs were added to precipitate the 
formed antigen-antibody complexes amaximally (24h at 4 °C) 

aun 2belied spectrin and the various IgG-dilutions were kept in buffer 
containing 50 mM Na-phosphate, pH 8.0, 150mM NaCl, 1 mM 
EDTA. 0 1 mM pkenylmethane sulphonyl fluoride (PMSF), 002% - 
Na N, and 0.2% bovine serum albumin (BSA). Unlabelled spectiin 
was diluted with 30 mM Tns-HCl, pH 8 0, 1% Triton X-100, 0 1 mM 
EDTA. 0 1 mM PMSF and 0.2% BSA The protein concentration of 
pure spectrin was determined using the extinction coefficrent e280 nm 

= 1,01 mlem™ in mg” (ref 2) 


function of spectrin as a regulatory protein of the microfilament 
system. 

In order to increase the sensitivity of a speetrin-specific assay we 
have developed an immunological competition assay ın which 
unlabelled spectrin competes with highly radioactively labelled 
spectrin for binding to a limited amount of spectrin-specific 
antibody (Fig. 1). Spectrin was purified from human erythrocyte 
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ghosts by standard procedures!”. Gel filtration on Sephrose 4B 
removed not only impurities but a erythrocyte actin. The 
resulting preparation showed only the Two high molecular weight 
polypeptides even on heavily overloaded polyacrylamide gels 
containing sodium dodecysulphate. Antibodies against native 
spectrin were raised in rabbits The antisera formed a single 
precipitin band on immunodiffusion against human spectrin. 

The radioimmunoassay (Fig. 1), which to our knowledge 1s the 
first dne for spectrin, can detect as little ag 5 ng of erythrocyte 
spectrin per ml, Thus in extracts of human cells this assay should 
detect spectrin at levels as low as 10-*~10-*% of total protein. 

Table 1 summarises our results on the rddioimmunological 
detection of spectrin in extracts of various tissue culture cells of 
human and monkey origin Spectrin could not be detected 
antigenically in any of the cell lines studied, including both 
fibroblasts and epithelial: cells. HeLa cells, grown eithes in 
suspension or in monolayer were devoid of spectrin, in spite of 
the differences ın morphology and cell shape present in the 
different growth conditions. In these cells the assay would detect 
spectrin-cross-reacting material if there were more than approxi- 
mately 250 molecules of spectrin in a single cell. Spectrin added 
exogenously to the cell homogenates was easily detected in the 
radioimmunoassay and the estimated values were in good agree- 
ment with the known input (see Table 1). Thus potential loss of 
spectrin due to proteolytic degradation during the long incubation 
time used can be ruled out. For intact erythrocytes Bretscher* 
reported a rqtio of 45mg haemoglobin to 0.6 mg membrane 
proteins; assuming about 25% of the mass of the membrane 
proteins to be spectrin leads to a value < 0.32% of the total 
erythrocyte protein being spectrin Our estimation (0.24%) ıs in 
good agreement with this calculation, suggesting that in the 
conditions used spectrin is almost completely extracted from the 
cells 

Incontrast to an earher antibody preparation*®, our rabbit anti- 
human spectrin sera showed a weak but reproducible precipitation 
with specirins purified from sheep or rat erythrocytes. This 
cross réactivity allowed use to use the anti-human spectrin sera also 
fór the estimation of spectrin in different tissue culture cells of rat 
origin. In this system the heterologous antisera must be fivefold 
more concentrated to give comparable binding. The sensitivity 
in these conditions allows the estimation of about 50-100 ng of 
rat spectrin per ml In the homogenates of four different rat cell 
lines studied (2 cloned lines of SV 40 transformed embryo fibrob- 
lasts, the glial cell clone 6, and a line derived from a mammary 





è 
Table ! Reaction of crude cell extracts and homogeneous human spectrin n a radioimmunoassay for spectrin 


Disrupted cells 
and e wo o 
additions (mg mi‘) 
None — 
Human 
Erythrocytes '} 
HeLa” 10 
HeLat : 13 
WI 38 9 
SV 80 9 
Spectrin e 2 
3 
2 


Protein concentration 
of the assayed extract 


125] .şpectrn (human) i Amount of spectrin 
bound potentially present 
(% of input) i (% of extracted protein) 
40 5 — 
183 24x10! 
38 5 <4xI0-> 
36.4 ; <4 x10 
38 8 <4x10°° 
370 <5xli0" ` 
225 100 

e 
238 
40 | <lx 10 
36 3 <6x 10 





Washed cells were disrupted at 1ce-bath temperature by 30 strokes ın a tight fitting homogeniser The buffer used contained 30 mM Tris-HCl, pH 8.0, 1% 
Tuton X-100, 0.1 mM EDTA and 0 1 mM PMSF. After 30 min on ice, unsolubilised maternal was removed by centrifugation (20,000g, 15 min, 4 °C) and 
0 2-ml aliquots of the denen ey were tested, in parallel with punfied spectrin as standard m conditions as described in Fig. 1. Solubilisation of 
erythrocytes was almostgomplete Examination of the small sediment by gel electrophoresis in SDS showed only traces of the characteristic spectrin doublet 
indicating that much less than 10% of the spectrin remained unextracted This was also indicated by the results of thesradio1mmunoassay (see text). Protein 


was assayed by a modification of Lowry’s procedure’? 
* Grown as monolayer 
+Grown in suspension 


+ 
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adenocarcinoma) no spectrin could be detected at a level highet 
than 3 x 10°% of the extragted protein 

In summary, ıt seems that erythrocyte-type spectrin is not an 
ubiquitous protein, although we can not exclude the unlikely 
possibility that non-erythrocyte cells contain spectrin(s) which are 
immunologically unrelated to erythrocyte spectrin Spectrin 1s 
probably an important protein of the erythrocyte—and perhaps 
some yet unidentified cells—and probably has an important role 
for the special membsane of this highly differentiated cell. 

We thank Dr U Groeschel-Stewart of the University of 
Darmstadt for help with preparation of spectrin antibody 
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Precocious development of foetal 
glucuronidating enzymes induced by 
glucocorticoids in culture and in utero 


CONJUGATION with glucuronic acid is.the major pathway in 
vertebrates by which harmful organic compounds are detoxi- 
cated. It ensures the excretion of excess endogenous compounds 
such as steroid hormones, catecholamines and bilirubin, and 
of a great range of toxig xenobiotics such as drugs, pesticides, 
industrial pollutants and their metabolites'. Glucuronidation, 
however, is virtually absent in the early mammalian foetus and 
approaches adult levels only in the perinatal period, putting the 
foetus and newborn at considerable risk from unwise medication 
or exposure to environmental contaminants: This susceptrbility 
has been demonstrated frequently, often with fatal results?:*. 
Defective glucuronidation of endogenous bilirubin is a major 
cause of human neonatal jaundice and can lead to infant death‘. 
Attempts have been made to induce the responsible microsomal 
enzyme(s), UDP-glucuronyltransferase (EC 2.41.17), ın cases 
of prematurity, genetically defective enzyme, formation or 
poisoning by glucuronidogenic compounds; administration of 
xenobiotic mducers such as phenobarbital has had limited 
success in neonates and the term foetus*. Adequate treatment 
of such conditions, however, requires knowledge of endogenous 
compounds which induce the enzyme perinatally. We report 
here the first evidence in foetal mammalian tissue of precocious 
development of UDP-glucuronyltransferase activity and of 
overall glucuronidation brought about by known compounds 
of endogenous nature. These findings provide insight into the 
perinatal development of thts important enzyme. . 

We have already established ¢hat glucocorticoids invoke 
precocious development of the, transferase in chick embryo 
liver. As that work involved pituitary grafting and continuous 
infusion of hormone in ovo, its extension to the mammalian 
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foetus required simpler techniques. Operative stress to the 
mother, resulting in excessive corticosteroid production, would 
make controls difficult. We have therefore adopted two 
approaches: exposing thé foetal livet to glucocorticoids in 
culture and in utero by simple matérnal iyjection. 

Culture methods were as described previously*. Exposure in 
ugero was achieved by injecting pregnant rats intraperitoneally 
on days 14 and 15 of gestation with the steroid dissolved in 
arachis oil; control pregnant rats received arachis oil only. 
UDP-glucuronyltransferase activity towards .o-aminophenol 
was assayed as described previously® but, because the mam- 
malian liver enzyme is markedly activable and the activation 1s 
age dependent, assays were carried out in each experiment, over 
a range of digitonin concentrations (0-0.2°% w/v) covering zero 
to beyond optimal activation. Overall glucuronidation, . for 
which the intact cells synthesise their own UDP-glucuronic 
acid’, was measured in sliced tissue, as previously*. 

We found transferase activity towards o-aminophenol in the 
naturally developing rat foetus to be virtually zero from days 
{4-17 of gestation, increasing sharply on day 17 to peak on day 


«20. This held for all degrees of activation of the enzyme studied. 


We then exposed 14-d rat foetal liver explants to 2 uM corti- 
costerone or cortisol. in culture in a protein-free defined 
medium After 3 d in culture transferase activities had reached 
values normally found in 18—19-d foetal liver in utero, almost 
the ‘adult’ levels. Dexamethasone, 2 uM in the culture medium, 
increased the values to full adult male levels. ‘Control’ 14d 
foetal livers, left for d in utero, possessed negligible levels, as 
did those cultured without the added glucocorticoid (Table 1). 

Pulsing the glucocorticoid-exposed cultures for Sh with 


q 


Table 1 Developnient of UDP-glucuronyltransferase activity in 
foetal rat liver exposed to glucocorticoids 





nmol o-aminophenyl 
glucuronide formed 


Treatment of 14-d foetal per mg protein per h 
liver sample 
; Jp cuiture Fn utero 
Fresh (untreated) <2.0 
After 3-d control treatment 2; 8 7 De 2.4, 2.7 
After 3-d cortisol treatment “DS. 8, 25.0 7.0, 7.6 


After 3-d dexamethasone treatment 45.3+9.8 (4) 28.4, 30.8 


Liver fragments were cultured on rafts over Eagles’ MEM supple- 
mented with L-glutamine and penicillin-streptomycin muxture® and 
containing 2 uM steroid where required. Pregnant rats were injected 
intraperitoneally with 8 mg cortisol or 03 mg dexamethasone in 
arachis oil per day on the days 14 and 15 of gestation. Control rats 
received arachis o1 only; liver transferase levels ın control foetuses 
were identical with those in foetuses from uninjected mothers. Adult 
male rat transferase levels were 30-400 f above units. Transferase 
activities were assayed® in ‘optimal’ actrvation conditions (see text). 
Results above are from typical experiments. Each result is from a 
pool of at least 4 foetal livers; where appropriate, s.¢.m. 1s given, 
with number of experiments in ‘parentheses. 


3.5 uM, cycloheximide inhibited “C-leucine uptake and pre- 
vented development of transferase activity; both processes 
returned within 2 d to the rates observed in non-pulsed cultures. 
The data also indicated that general protein synthesis:proceeded 
at similar rates in cultured liver whether exposed to glucocorti- 
coids or not; further, after culturing for 2d without gluco- 
corticoids, subsequent exposure to them evoked ferase 
production as rapidly as in fresh cultures. The glucocorticoids 
were thus not needed to maintain viability of the cultured tissue 
but seemed responsible for the specific increase in transferase. 
Other steroids (not glucocorticoids), exhibited no effect. 

Table 1 also shows the effect on foetal liver transferase of 
maternal injection of glucocorticoids. As glucocorticoids cross 
the rat placenta’, and dexamethasone i$ less likely to be 
inactivated by the mother®, the precocious development of 
transferase activity following injection of cortisol or dexame- 

s E a 
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thasone presymably reflects the action of these compounds on 
the foetal liver in utero as described above during culture. 
Transferase stimulation was found to be linearly dose 
dependent. = 3 

Overall glucuronid&tion, as measured in foetal Iver slices or 
explants, also precociously increased after exposure to the 
glucocorticoids in culture or in utero We have induced prece- 
cious transferase activity to several substrates, endogenous and 
xenobiotic, this way but stimulation towards others, apparently 
those developing later in the perinafal period, have so far 
resisted our efforts both in culture and in utero. 

We have thus reported the first evidence in foetal mammalian 
tissue of precocious development of UDP-glucuronyltransferase 
activity and of overall glucuronidation brought about by known 
compounds of endogenous: nature. These compounds ‘are 
glucocorticoids. Their effect ıs reproduced by the long-acting 
synthetic glucocorticoid, dexamethasone. They evoke high 
transferase activity in foetal rat liver from negligible levels, 
both in culture and im utero. They act directly on the liver, and 
require protein synthesis for their precocious induction of the 


traftsferase. Their involvemert perinatally ıs consistent with the* 


peak in corticosterone levels observed in foetal rat plasma on 
gestational day 19 and with the maternal increase on day 18 
(refs. 9-11) We therefore suggest that the natural perinatal 
development of glucuronidation and UDP-glucuronylttans- 
ferase activity towards certain substrates is brought apon by 
glucocorticoids 

We thank the MRC for a grant and “Mrs A. Donald for 
assistance 
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Liver protein metabolism response to 
cold in genetically obese (ob/ob) mice 


THE response of obese (ob/ob) mice to the cold is reportedly 
impaired to the extent that they die 3-6h after exposure. 
They also increase their oxygen consumption to a lesser 
extent than do their lean littermates in resporse to the 
cold? As ob/ob mice have increased insulation due to 
excess body fat and respond in fhis way to the cold before 
the phenotypic expression: of obesity, impaired thermo- 
genesis seems to be a primary feature of this strain of 
genetic obesity Adult obese Zucker rats also show impaired 
thermogenesis when exposed to cold and their mean 
survival time 1s 28 h (ref 2). The nature and control of this 
thermogenesis and its possible relevance to energy balance 
is unclear The involvement of protein metabolism and the 
energy cost of protein turnover has been postulated by™*. 
Acclimatisation to"the cold irfereases protein turnover in 
rats* and in lean (Ob/+) mice (unpublished observations). 

We report here a comparison of rates of amino acid 
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Fig. 1 Changes in liver amino acid incorporation following 
exposure to 4 °C in Jean and obes¢ mice with and without food. 
O O, obese without food, O --—- O, obese with food, 
@-——@, lean without food; o- —-@, lean with food, Animals 
were killed by cervical dislocation, the livers rapidly removed, 
placed gn a Petri dish packed with ice and three or four slices 
approximately 1 mm thick were cut with a razor blade The 
slices from each liver were placed ın individual flasks with 2.5 ml 
of Krebs phosphate Ringer solution (100 parts 0.9% NaCl; 
4 parts 1.15% KCI; 3 parts 1.22% CaCl,; | part 3.82% MgSO, 
7 H,O and 20 parts 0.1 M phosphate (Na) buffer pH 7.4) The 
buffer was prepared from 0,1 M NaH,PO,2H,0 (14%) and 
0.1 M Na,HPO,2H,O (86%). 1 pC: of L-4,5-3H-leucine (55 Ci 
mmol-) Was added, and after oxygenation the slices were 
incubated at 37°C far Ih. The incubation was stopped by 
removal of the slices, which were blotted and homogenised in 
TCA (100 gi). The precipitate was washed twice with a 
saturated solution of unlabelled leucine in TCA (100 gI-) to 
remove any unincorporated labelled leucine TCA was removed 
by washing with ether and the precipitate solubilised ın 3 ml of 
0.3 M KOH. The activity of the protein was measured by liquid 
scintillation counting and protein determination was by 
Autoanalyser®. 





9 
incorporation into liver protein by lean (Ob/+) and obese 
(ob/ob) mice. Amino acid incorporation was depressed in 
the obese mice, in response to a cold environment when 
compared to their lean littermates. 

Female lean and obese mice, age-matched (70+5d) were 
kept at 22 °C and fed freely until required. Animals were 
then placed in a 4 °C environment with access to food, 
and killed in groups of four, from zero time to 24h after 


cold exposure. The length of the comparative study was 
e 


Fig. 2 Liver RNA to protein changes following exposure to 

4°C in Jean and obese mice with and without food. O — O, 

Obese without food; @ —— @, lean without food; O---- ©, 
obese with food; and @ -—- @, lean with food. 
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controlled by the survival time of the obese (ob/ob). The 
livers were immediately removed, and amino acid incorpora- 
tion into protein was m€asured as described in Fig 1 The 
rest of the liver was used for RNA determinations’ and the 
residual protein pellet was solubilised in 5 ml of 0.3 M KOH 
for protein determination by Autoanalyser’. 

Ratios of RNA to protein in livers from obese mice were 
significantly greater (P<0.001) than those of lean mice at 
time zero. This was confirmed by monitoring the response 
to cold without food (Fig. 2). This suggests that there is 
some restriction on the effective use of RNA species after 
the transcription stage of protein synthesis in obese mice. 

The ratio of RNA to protein was significantly greater in 
both lean and obese animals after exposure to cold (Fig. 2). 
But after 4h, only the ratio for the Jean animals was 
signtficantly greater (P<0.02) than the corresponding rato 
measured at time zero l 

Amino acid incorporatiôn in the lean mice was signi- 
ficantly increased after 1h of exposure and the percentage 
increase over zero values was greater in the lean than the 
obese mice, whether expressed directly as specific activity of 
liver slice protein or as (Fig. 1) specific activity per unit of 
body wt?’ ”. The results are expressed as the latter because 
if protein turnover is contributing to thermogenesis, the 
ability of the heat produced by the process—to maintain 
body temperature—must be related to metabolic body size 
(body weight’ ™). Obese mice were dead within 8 h and so a 
second increase in amino acid incorporation, like that found 
in the lean mice, could not be demonstrated. Either the 
failure of some other process caused a decrease in body 
temperature so that the suppression of amino acid in- 
corporation was a secondary effect, or the increase of amino 
acid incorporation is critical to the maintenance of body 
temperature. The latter seems more likely as there is a 
significant difference between lean and obese mice with food 
and between lean without food after 1h of cold exppsure, 
when body temperature will not have fallen sufficiently to 
explain the decrease in amino acid incorporation’. 

The secondary increase in incorporation in the lean 


Fig. 3 Changes in liver amino acid incorporation following a 

meal in lean and obese mige O O, Obese; @ —-~—-~— @, lean. 

were starved for 48 h, and then fed Porton mouse diet 

(Christopher Hill) for the remainder of the experiment. All 

animals after 1 h had full stomaghs. Amino acid incorporation 
was measured as in Fig. 2. 
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animals can be explained by the ‘increase in RNA, whereas 
the primary increase in ncorporation must be controlled 
by other factors, probably hormonal. But even though RNA 
levels in the obese mice after 6h were significantly increased 
(P<0.001) (Fig. 2) there was ‘no associated increase in 
amino acid incorporation. 
» Unfed mice were used to find whether the increased food 
intake, by cold adapted animals’ and specifically by lean 
mice (unpublished observations) was essential for adaptation 
to the cold. In these eircumstances neither lean nor obese 
mice could adapt to the cold, the obese mice died 2 h earlier 
than in the previous study and the lean animals died after 
11 h of exposure. In neither lean nor obese mice was there 
an increase in amino acid incorporation and the RNA to 
protein ratio decreased in both groups (Figs 1 amd 2). 
These observations seem to support the hypathesis that 
food has a thermic effect. But in a study performed at 
22 °C when lean and obese animals were starved for 48h 
and fed (Figs 3 and 4) there was only a twofold increase in 
amino acid incorporation, compared with the fivefold 
«increase observed in the cold We therefore suggest that 
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Fig. 4 Liver RNA to protein changes following a meal in lean 
and obese mice. O, Obese; @, lean. 


food contributes directly to thermogenesis, but that the 
large increase observed in the old cannot be explained 
entirely in this way There must be simultaneous hormonal 
stimulus of thermogenesis and amino acid incorporation. No 
hormonal stimulus was observed in the cold without food 
‘presumably because substrate availability was rate limiting. 

RNA to protein ratios for lean and obese mice were not 
significantly different for the starved animals, and were 
only slightly jncreased after feeding (Fig. 4). The levels in 
obese mice had decreased to those of lean mice after 48 h 
of starvation, which agrees with the observation that the 
former levels decreased to the latter values if mice were 
exposed to the cold without food. This supports the argu- 
ment that RNA levels are high in the livers of gbese mice 
because of an impaired protein synthesis. In starvation when 
protein synthesis is severely restricted due to lack of sub- 
Strate, the effect of such an impairment which increases 
RNA would be negated. 

In an obese animal placed in the cold without food, 
shivering thermogenesis would make such a major demand 
on substrate that protein synthesig would be restricted in a 
similar manner. Amino acfd incorporation in the obese 
in response to food «Fig. 3) was depressed in comparison 
with the lean and was not so prolonged, which may affect 
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energy balance by depressing energy expenditure thus con- 
tributing to the obesity. 

The difference between amino acid incorporation in the 
livers of lean and obeSe micé is nôt the “only consequence 
of exposure to the còld Jansky has shown in cold-adapted 
rats that the liver only contributes 25% of non-shivering 
thermogenesis (NST), the remainder coming from muscle 
(50%), digestive tract (10%), brown fat (10%) and other 
tissues (5%). 

It is not known whether protein aembolisa in these tissues 
can be implicated in NST Also, the involvement of futile 
cycles in thermogenesis has been postulated’’. Specifically, 
James and Trayhurn” have implicated a futile cycle in 
glucose metabolism found in skeletal muscle, the impair- 
ment of which in obese subjects reduces their ability to pro- 
duce heat, either in a cold environment or after food. They 
state that, “The control and interrelationships between 
different futile cycles are at present unclear”. 

Bray et al. demonstrated that exposure to the cold does 
not lower the body temperature of obese (ob/ob) mice if 
the} are pretreated with triiodthyronine, and that the bodys 
temperature of lean mice decreases if they havg been made 
hypothyroid by prefeeding with propylthiouracil. This sug- 
gests thyroid hormones as likely candidates for the hormonal 
control. Jansky’' demonstrated that noradrenaline ealso 
stimulates thermogenesis, so there are at least two candi- 
dates for hormonal control. The relative importance of 
each is unclear especially as the calorifenic effect of nor- 
adrenaline depends on thyroid status™. 

This work was supported by the British Nutrition 
dguodation. 
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Contractile activation in slow. 
and twitch muscle fibres of the frog 


VERTEBRATE Slow and twitch skeletal muscle fibres differ 
qualitatively in many respects and constitute functionally 
distinct motor systems’ Little is known, though, of the 
respective contractile activation properties. Since triad 
contacts between transvtrse (T) tubules and sarcoplasmic 
reticulum (SR), thought to be the pathway for activation of 
twitch fibres, are nearly identical in frog twitch and slow 
fibres’, similar processes would be expected to lead to 
® i 
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Čat release from the SR following T-tubule depolarisation 
in both muscle types. We descgibe here voltage-clamp 
studies of activating threshold contractions in slow and 
twitch fibres**. Activation kinetics in these physiologically 
very different fibre types are remarkably similar. Thus, a 
given membrane potential change may result in an equiva- 
lent amount of Ca’ delivered to both slow and twitch 
myofjfbrils Once activated, each fibre type would shorten 
at its characteristic velocity", probablye determined by the 
rate of actomyosin cross-bridge turnover’. 

Experiments were performed at 9 °C qn sartorus twitch 
fibres and pynformis slow fibwes of English frogs (Rana 
temporaria). Normal Ringer contained 115mM NaCl, 
2.5mM KCl, and 1.8mM CaCl, buffered at pH 7.0 with 
15mM Na-phosphate; twitch fibres studied were poisoned 
with tetrodotoxin (10 ug ml"). 

Generally we used the methods described by Costantin’. 
Membrane potential was measured differentially between 
an internal microelectrode and another 20-30 um away 
outside the fibte Time constants of these electrodes and 
confmand pulses to the clamp circuit were matched 
(~150 us), and  current-passing microelectrodes were 
shielded with conducting paint and then insulated Thése 
procedures facilitated rapid’ membrane potential changes 
using high resistance electrodes necessary for the slow fibre 
experiments’, Holding potential was -90 mV throughout. 

For a għen pulse duration, the threshold membrane 
potential was taken es that at which discrete sarcomere 
shortening was visually detected, the region under observa- 
tion being between the microelectrodes and in the plane 
of focus through the upper or lower surface of the fibre. 
For the briefest pulses, a range of up to SmV was 
occasionally required to decide on an unequivocal con- 
traction, threshold was taken as the midpoint of such a 
span. This was more troublesome in slow fibres due to the 
low shortening velocity. 

e In aefrog twitch fibre the amplitude of-a step depolarisa- 
tion eliciting a threshold contraction increases markedly as 


Fig. 1 Strength-duration curves for twitch (@, A) and slow 
(O, A) muscle fibres. Circles represent means from 14 
slow and 18 twitch fibres studied at 9 °C; triangles are from,21 
slow and 18 twitch’ fibres at 20 °C Smooth curves were calcu- 
lated with the equation!: (Vr C)f, = Br, where Vy 1s thresh- 
old membrane potential (mV), że 1s pulse duration (ms), and 
C and By are empirical constants determined as described by 
Costantin®, Br = 127+4.7 mV.ms(se.m.) and C = 491409 
mV for slow fibres, 8t = 1164+5.6 mV.ms and C = 435+1.0mV 
for twitch. 
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pulse duration decreases, resulting in a familiar smooth* 
strength-duration (S-D) relation*’. Such S-D curves for 
slow and twitch fibres in normal Ringers are shown in 
Fig. 1. Clearly, at either temperature, the relations for 
_slow and twitch fibres are of the same form. At 9 °C the 
curves superimpose at short times and diverge to near- 
rheobase 100-ms values of -51+0.8mV (S.em.) ın slow 
fibres and -46+0.8mV in twitch. At room temperature 
the curves for both fibre types are indistinguishable. j 

Although the S-D curve reflects events leading to Ca** 
activation of thin filaments, it is not clear which processes 
determine its exact form, During a long pulse, the 
situation is complicated, since both release and reuptake 
of Ca’* by the SR will occur, and rheobase represents the 
steady-state with one process just balancing the other. 
Uptake of Ca’* during a short pulse and for a few ms after- 
wards should be negligible’, so that only processes leading 
to Ca** release should fix the requirements a brief 
depolarisation must satisfy to activate contraction. 

One starting point, then, for interpreting the comparison 
of S-D relations is to assume that for short pulses: a 
threshold contraction results from release of a particular 
amount of Ca’*. Rate limiting steps leading to release 
could occur at the triad, presumably where T-tubule 
membrane potential is sensed by the SR, or at the sites of 
Ca** release themselves. Thus, 2 and 3 ms thresholds at 
9°C should be most indicative of gross differemces in the 
activation kinetics in slow and twitch fibres, but such 
differences are not seen. 

Another similar experiment smvolves studying the 
temporal summation of two sub-threshold depolarisations 
in activating a contraction’. This yields information on 
the time course of decay in ‘mechanical excitability’ 
induced by the first pulse The fraction of excitability 
remaining at any time after the first pulse can be estimated 
by comparing amplitudes of a second test pulse, (V2) 
eliciting a threshold contraction and of a single threshold 
pulse of identical duration (Vr; see legend and insert in 
Fig 2) To maximise the voltage range covered by V2, brief 
first pujses (80-90% of threshold) were followed with test 
pulses of identical duration (3 ms in twitch; 5 ms in slow). 

Results from one twitch and two slow fibres are shown 
in Fig 2. In all fibres the level of mechanical excitability 
decayed rapidly after tHe first pulse with a half-time of 
about 1 ms (Fig. 2a). All fibres then showed a slower phase 
of decay, but with vastly different rates in slow and twitch. 
Twitch fibre excitabiMty decayed with a 5-6-ms time 
constant,. threshold returning to the original Vr value 
within about 20 ms, whereas the excitability of the slow 
fibres returned to the normal level with a time constant of 
more than 300 ms (Fig. 2b). No such very slow component 
was seen in three other twitch fibres studied. 

„As argued by Costantin’, the fast initial decay in a twitch 
fibre probably represents rapid voltage-dependent deactiva- 
tion of Ca** release following repolarisation. Since kinetics 
of mechanical activation, as evidenced by the S—D curves, 
seem indistinguishable in the two fibre types, the fast decay 
of excitability should also be alike in both, ahd this seems 
to be so. 

Most striking are d'fferences in the slow phase of 
excitability decay. For twitch fibres, this decay is of the 
proper time course to represent background Ca’* removal 
by the SR™™. Since a slow fibre has less SR than a twitch 
fibre", the net rate of Ca?* removal may also be lower, 
and the very slow decay might then also represent Ca’* 
uptake. Preliminary experiments measuring tension pro- 
duced by voltage-clamped short cruralis? slow fibres 
support this idea. After long (4-3 s), just suprathreshold 
depolarisations, relaxation proceeded with a half time of 
0.5-1.0 s. 

From these results it seems that the kinetics of mechanical 
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activation in frog slow and twitch fibres are quite alike. 
Furthermore, buffering the external Ca’* concentration at 
<10°M with 2.5mM EGTA and 10mM MgC), leaves 
the S-D curves ofboth &bre types essentially unchanged”, 
again suggesting a common mote of activation through 
release of Ca’* by the SR. 

eAlthough activation in an overall, sense is kinetically 
similar, the underlying molecular processes in each fibre 
type may not be identical. Interestingly, the drug dantrolene 
sodium, which affects the S-D curve of frog twitch fibres“, 
possibly by imterfering with Ca** release“, has no effect 
on the S—D relation for slow fibres (unpublished data). 

If identical brief depolansations lead to the same amount 
of Cat released in both fibre types, one might expect, 
neglecting possible differences in thin filament Ca’*t 
sensitivities, similar numbers of perhaps both .SR Ca’* 
release sites as well as T-tubule: SR triad contacts in both 
types. Disposition of the internal membranes in slow fibres 
has been clarified with high voltage eletrcon micro- 
scopy’*""*. Though preliminary, these results suggest that 
the number of triad (or dyad) ‘feet’ bridging the T:SR 
junctional gap in a given volume of muscle fibre may be 
quite similar for twitch and slow (C. H. Bailey and L. D. 
Peachey, personal communication). If the feet do subserve 
an important step in mechanical activation’*”*, similarities 
in activation kinetics described here may have an anatomical 
basis, and it may not be necessary to speculate on alterna- 
tive pathways of activation in frog slow fibres. 

We acknowledge the encouragement and support of the 
late Dr L. L. Costantin and Dr W. K. Chandler. This work 
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Fig. 2 Decay of mechanical excitability at 9 °C in twitch and 
slow fibres after a brief subthreshold pulse (V,). Fractions of 
excitability remaming at a time Af were estimated as: [Vy—V,(Ar)}/ 
[V~—V,(0)], where V,(Ar) is membrane potential during the V, 
test pulse with pulse separation Ar, and V,(0) 1s membrane 
potential of V} with zero pulse separation. Vz 1s the usual thresh- 
old membrane potential for a single pulse of the same duration 
as V, Vv, was checked periodically during the experiment and 
did not change by more than a few mV. V, and FV, pulses were of 
the same duration throughout: 5 ms in slow and 3 ms tn twitch 
fibres, a, Fast excitability decay in one twitch (©) and two 
slow fibres @, (W) Cross represents value shared by 
all fibres. Twitch fibre threshhold returned to normal in 
about 20 ms. b, Slow excitability decay in the two slow fibres of 
(a). Threshold returned to the A Vr level only after 1000- 
ms. 
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“ts thyroxine a regulatory 
signal for neurotubule - 
assembly during brain development? 


TUBULIN, the basic subunit of microtubules, may be assembled, 
in vitro directly from crude brain supernatants to micro- 
tubule-like structures*:?. We have used this methodology to 
measure the initial rate of assembly in vitro in crude brain 
supernatants prepared from rats of different ages. Previous 
results’? provided clear evidence that at a late foetal stage or 
just after birth the concentration of tubulin in the brain is not 
the rate limiting factor for microtubule assembly. We assumed 
therefore that a factor other than tubulin is necessary to initiate 
the assembly process and that this factor is limiting in young 
brain. On the other hand, brain maturation is a slow post-natal 
process in the rat and it is generally believed that this process is 
under thyroid hormone control. We report here that microtubule 
formation during brain development requires the presence of an 
initiation factor and that he onset of this factor is under thyroid 
hormone control. 

Thyroid hormones have a profound effect on brain develop- 
ment; for example, congenital hypothyroidism produces 
severe mental retardation (cretinism) in man and animals. 
Treatment with thyroid hormones after birth accelerates the 
development of innately organised behaviour and of electro- 
cortical activity®. Histological alterations observed during 
hypothyroidism?—* mainly concern the development of cellular 
processes and dendrites. These effects are associated with bio- 
chemical changes; the protein content and protein synthetic 
activity of the brain are reduced?°", None of these observations, 
however, is directly related to a possibly more specific effect 
of thyroid hormones during brain development—the increase in 
the number of connections, for instance of dendrites spines of 
cortical neurones and of Purkinje cells in the cerebellum’. 

Microtubules are good markers of brain connections as they 
are very abundant in these structures!*—“. At early stages of 
development, however, tubulin polymerises very poorly in vitro 
in conditions described by Weisenberg? and Shelanski®. Figure 
1 shows, for instarfce, that in 34d-old rat brain preparations the 
rate of in vitro microtubule assembly isemarkedly lower than in 
those of 15-d-old rats, and also that the lag period is increased; 
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ne a. 
*the critical concentration!’ of tubulih at which microtubule 


assembly can be observed in vitro was also increased (not 
shown). This difference in rates depends on the fact that, at 
early stages of development, a factor which 1s needed to initiate 
the assembly process, 1s limiting!*?’, This factor has been 
tentatively identified! with the protein described by Wein- 
garten et al. 18. Another possibility would have been that the 
young brain supernatants contain an inhibitor of the micro- 
tubiile assembly; this possibility was eliminated, as reported 
before’, by mixing supernatants from 30-d-old and newly born 
rats: there was no inhibition of assembly in these conditions. In 
addition, mixing supernatants of newly born rats with very 
small amounts of sonicated fragments of adult preparations 
resulted ina normal rate of assembly*. 

Severe hypothyroidism can be produced in the rat by treat- 
ment with antithyroid drugs during pregnancy and after birth”. 
Pregnant females were force-fed from the 18th d of gestation 
until 15d after delivery with 3-methylthiouracil (MTU); thus 
MTU was supplied to the foetus during pregnancy and to the 
newborn rats through the milk of the mother during lactation. 
At.15 d after birth the newborn rats were clearly hypothyroid— 
the body weight was 28.8+2.18 g (control rats 34.16+0.3 g). 
The brain weight was also reduced but only by 20%. The 
tubulin contents of these supernatants evaluated by a modifica- 
tion‘ of the *H-colchicine binding method!® were very similar 
(controls, 2.87 mg; MTU-treated 2.74 mg tubulin per g wet 
weight). 4 

In vitro microtubule assembly in brain supernatants was 
followed using the turbidimetric method of Shelanski et al.? 
Figure 1 shows that, after MTU treatment, microtubules 
polymerised very poorly in vitro when the same tubulin con- 
centration was used in the assays (15-d-old MTU treated rat 
brain supernatants) and in the controls (15-d-old normal rat 
brain supernatants). The initial rate of assembly markedly 
decreased and the latency increased. The kinetics of assembly 
ressembled those observed 3 d after birth, suggesting that 
hypothyroidism produces a retardation or a blockage of the 
‘ability’ of tubulin to assemble to microtubules. These results 
suggest that thyroid hormones have a greater effect on the 


+ 


Fig. 1 Turbidimetry time course of supernatants from 3 and 
15-d-old euthyroid rats and 15-d-old hypothyroid rats. The 
supernatants were obtained after homogenisation of rat brains 
in a reassembly buffer containing:«0.1 M morpholino-ethane 
sulphonate (pH 6.5, 1 mM GTP,0.5 mM MgCl, | mM EGTA, 
0.1 mM EDTA, 1 mM B-MSH at 4°C and centrifugation at 
105,000g for | h at 4 °C. Glycerol (final concentration 4 M) was 
added after centrifugation. Turbidimatry (A at 345 nm) time 
course at 37°C was followed with supernatants dilutions 
containing the same (0.940-1.040 mg mi~?) amounts of tubulin, 
measured as before. [5-d-old hypothyroid rats were obtained 
by a treatment of the mothers with MTU from the [8th d of 
aie (50 mg per day haba by force feeding?) until the day of 

Hing 3-d- S aN oid rat brain supernatant (tubulin 
0.94 mg bait ©, -old ethyroid rat brain supernatant 
entre) (tubulin { 05) mg ml); @, 15-d-old hypothyroid rat 

brain supernatant (tubulin 0.95 mg mI‘). 
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Fig. 2 Effect of thyroxine treatment on the 
turbidimetry time course of 15-d-old 
euthyroid and hypothyroid rat brain super- 
natants (obtained as described in Fig. 1). a, 
©, 15-d-old euthyroid rat brain supernatant 
(tubulin 1.04 mg ml“); A, thyroxine- 
treated 15-d-old rat brain supernatant 
(tubulin 0.95 mg m1~).3, @, 15-d-old hypo- 
thyroid rat brain supernatants (MTU 
treated (tubulin 0.95 mg mi-')); A, 
thyroxine-treated 15-d-old hypothyroid rat 
brain supernatants (tubulin 1.04 mg mi~'). 


initiation process of microtubule assembly than on the tubulin 
content of the brain. 

To test whether the observed low polymerisation was due to 
the lack of thyroid hormones or to a toxic effect of MTU, 
normal rats and animals rendered hypothyroid by MTU 
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Fig. 3 Effect of t factor on the turbidimetry (345 nm) time 
course at 37°C of adult euthyroid, {5-d-old euthyroid and 
hypothyroid rat brain supernatants Experimental conditions 
were as descrtbed tn Fig 1. t factor was purified as before”. a, 
Adult rat brain supernatant (tubulin 0.88 mg ml ~+) in the absence 
(A) and in the presence (xx) of t factor (0.23 mg ml~}). b, 
15-d~old euthyroid rat brain supernatants (tubulin 0.78 mg ml ~?) 
in the absence (©) and in the presence of t factor (A, 0.115 
mg mi-), (gr, 0.23 mg mi). c, M-d-old hypothyroid rat brain 
supernatants (tubulin 0.73 mg mi") in the absence (@) and in 
the presence of t factor (A, 0.115 mg ml~*), (He, 0.23 mg m!~}). p 
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treatment were injected subcutaneously just after birth with 
2 ug DL-thyroxine per day during 6 d and with 4 ug thyroxine 
per day during the last 9 d before killing. For the hypothyroid 
‘rats, thyroxine treatment produced a small increase in “the 
tubulin concentration (MTU + thyroxine 4.04 mg tubulin per g 
wet weight), Figure 2 shows typical experiments where the effect 
of thyroxine treatment on the rate of in vitro microtubule 
asserfibly was studied with identical concentrations of tubulin in 
the assays and in the controls. Thyroxine treatment had no 
effect on the control (Fig. 2a), whereas the initial rate of 
assembly was markedly increased and the latency markedly 
reduced for the MTU-treated rat brain preparations (Fig. 2b). 

The effects of the addition of the t factor, an initiator of 
microtubule assembly'® were also studied. The + factor was- 
added in increasing amounts to 40- and 15-d-old brain super- 
natants prepared from euthyroid and hypoth$roid rats (Fig. 3). 
The addition of the t fraction to the adult supernatant did not 
produce an increase on the rate of assembly (Fig. 3a), sug- 
gesting that the adult brain supernatant contains saturating 
amounts of t factor. In contrast, addition of t factor to the 
[5-d-old brain supernatants produced an increase in rate of 
assembly (Fig. 36). Thus 15 d after birth the t factor concen- 
tration 1s still limiting. The effect of the t fraction on the brain 
supernatants from MTWU-treated rats was even greater; the 
initial rate of assembly increased to the level of the controls and 
the lag period® decreased (Fig. 3c). Thus hypothyroidism 
probably produces a decrease in the concentration of the t factor 
and not in the amount of tubulin. We reported before’? that 
addition of a t preparation significantly increased the rate of 
microtubule assembly of newly born (3-d-old) rat brain 
supernatants. 

These observations suggest that microtubule formation 
during normal brain development “requires the presence of 
thyroid hormones. If, as reported by others***!, microtubule 
assembly is required for axon growth and for the formation of 
nerve connections, the results of this work might contribute to 
the understanding of the effects of thyroid hormones in brain 
development and in the aetiology of cretinism. 
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Evidence from oxygen 
exchange measurements for a cooperative 


interaction between the two heads of myosin 


THE present view of the molecular mechanism of muscle 
contraction’ does not explain why myosin has two struc- 
turally similar globular heads’. Each of these heads can 
interact with actin and with ATP, and each seems to hydro- 
lyse ATP at about the same rate’. To investigate possible 
functional differences between the two heads of myosih, we 
have compared the rates of intermediate oxygen exchange*° 
catalysed by heavy meromyosin , which has two 
heads, and subfragment 1(S1), which has one head, at dif- 
ferent levels of actin activation. This oxygen exchange 
occurs between water and the yephosphory! groups of two 
“wazyme—nucleoside phosphate intermediates along the path- 
way of coupled ATP hydrolysis’. Thus, measurements of 
oxygen exchangé can be used to probe thg kinetics of inter- 
mediate steps in the hydrolytic and contractile mechanism. 
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Fig. 1 Incorporation of ?O from water into P, as a function of 
turnover tıme. The assay mixture contained 25 mM KCl, 25 mM 
Tris buffer (pH 7.4), 5 mM MgCl,, 5 mM ATP and appropriate 
concentrations of proteins in 15O water at 23 °C, SI was prepared 
from rabbit myosin by the method of Margossiqn et al>? with 
Mg?t present instead of EDTA to preserve the DTNB light 
chain. HMM was prepared by the method of Holt and Lowey”. 
Actin was prepared (ron acetone-dried muscle powder by the 
method of Spudich et al.*, P, was gsolated as KH,PO, essentially 
by the method of Dempsey ef al.. The 1O content of P) was 
determined by the method of Boyer and Bryan’. At each 
concentfation of actin, the rate of hydrolysis was obtained from 
the slope of a linear rate curve and converted to a turnover 
number (molecules of ATP hydrolysed per second per active 
site). The turnover time on the abscissa is the reciprocal of this 
number. Actin markedly activated both fragments up to more 
than 100-fold at the highest levels. In the conditions of these 
experiments, with either fragment, the turnover rate increased 
linearly with the actin level; falling below the line only slightly 
at the highest level, To oBtain a given average turnover time per 
head, about the same concentr&tion of actin was needed with 
HMM as with SI. Turnover times wege calculated using the 
equivalent weights of 120,000 per head for S1 (0) and 170,000 per 

head for HMM (0). 

$ 
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Fig. 2 Calculated number of exchange reactions as a function 
of turnover time. Conditions are given in Fig. 1 The number of 
exchange reactions was calculated using the equation of Wolcott 
and Boyer’ 


water OXYgens __ Jai 
P, molecule Sal 4) 


nal 


where n is*the number of exchange reactions. In each curve the 
initial slope, which extrapolates back to one exchange (the one 
added by the first cleavage of bound ATP) gives the average 
rate of’ exchange for the three exchangeable oxygens per P 
molecule. The upper shallow slope estimates the average rate of 
exchange after two oxygens per P, molecule have been labelled, 
that ıs, when their exchange no longer has any significant or 
measurable effect on +80 incorporation. Thus, the initial slope 
minus the final slope 1s the rate of exchange for two faster 
exchanging oxygens and the upper slope for one that exchanges 
slowly. O, HMM; D, SI. 


"Any difference in the rate of oxygen exchange indicates 
either a difference in the lifetimes of the exchanging inter- 
mediates, or in the kinetic constants of the exchange re- 
action itself **. ° 

The results reported here show that HMM catalysed 
approximately half as much oxygen exchange per second 
per head as did S1. This indicatessthat in HMM there may 
be some cooperative interaction between the heads which 
effectively inhibits some part of the exchange mechanism. 
Since oxygen exchange is Often cogrelated with the actin- 
activated ATP hydrolysis coupled to contraction*”** such 
an effect could reflect a cooperative action of the two heads 
in the generation of force or the regulation of contraction. 

Actin decreases the turnover time of ATP hydrolysis by 
myosin and its fragments. It does this by activating the rate- 
limiting step in the hydrolytic pathway. This rate-limiting 
step follows oxygen exchange’'’. Therefore, the greater the 
actin concentration, the shorter the turnover time, and the 
shorter the lifetime of the exchanging intermediates. 
Figure 1 shows how the incorporation of “O from water 
into P, changed when the turnover time was changed by 
the concentration of actin in the reaction solution. Figure 2 
shows the calculated number of exchange reactions as a 
function of turnover time. The method for calculating the 
number of the reactions from the measured incorporation 
is given in Fig. 2. The slope of each curve in Fig. 2 gives 
an estimate for the average rate of oxygen exchange, that 
is, the number of exchanges per second of turnover time. 

The use of such plots to study the kinetics of oxygen 
exchange is described in our recent paper. From the earlier 
experiments with S1 (ref. 10) we concluded that the four 
oxygens in each y-phospHoryl group do not all exchange at 
the same rate. To summasise our interpretation: the first 
oxygen is incorporated at virtually zero time by the very 
fast initial cleavage of the y-phosphoryl group of bound 
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ATP (ref. 11); two oxygens exchange at a relatively fast rate 


by the mechanism of Bagshaw and Trentham”, that is, by a 
cycle that first reverses the cleavage of the nucleotide and 
then recleaves it; each such cycle can cause the exchange 
_~of an oxygen atom, if the oxygens can rotate in space so 
that the one added by cleavage may be different from the 
one lost by reverse cleavage; the fourth oxygen exchanges 
very slowly, and this slow exchange indicates that pne 
oxygen may be severely restricted from entering into the 
exchange cycle by its binding to the protein. 

By comparing the slopes in Figs l and 2 it became evident 
to us that HMM, compared with SI, catalysed oxygen 
exchange at about half the rate per head. In general there 
are several alternatives for interpreting this finding but one 
that may have considerable significance to muscle con- 
tractién is the clear possibility that only one head of HMM 
at a time is in a conformation that can catalyse oxygen 
exchange. This would effectively reduce by half the 
measured rate of exchange per head. Such a cooperative 
effect that holds each head in a somewhat different con- 
formation, that is, it does not allow them to take the sarne 
conformation at the same time, may coordinate the working 
of the two heads in the contraction and relaxation of 
muscle. Work is continuing with other fragments and other 
forms of SI to test further whether the marked difference 
between the oxygen exchange rates of HMM and S1 heads 
reported here reflects a functionally important property of 
myosin. r 
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Haemin protects Met-tRNA; binding 

activity of isolated reticulocyte ribosomes 
from inactivation by protein kinase 
RETICULOCYTE: lysates incubated in the absence of haemin 
stop synthesising proteins after a few minutes due to the 
accumulation of a translational inhibitor (TI) which blocks 
initiation of protein synthesis’"*. This block is characterised 
by a depletion of initiator tRNA (Met-tRNA,) bound to 
40S ribosomal subunits‘. It has been reported that’ prot- 
tein kinase activity is associated with TI which has been 
partsaally purified from reticulocyte lysates’. Addition of the 
inttuation factor elF-2 (previously designated IF-E2 or 
IF-MP), which binds Met-tRNA; and GTP, can overcome 
the block in initiation which develops in reticulocyte lysates 
incubated in the absence of haemin or with added TI". 
Phosphorylation of eIF-2 by a°protein kinase present in 
TI preparations has been demonstrated (refs 9-12 and 


P. Farrel, K. Balkow, R. Jackson and T. Hunt, personale 
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communication), and it has been proposed that phosphoryl 
ated eIF-2 is inactive’. W% have investigated the mechan- 
ism by which haemin stabilises initiation of protein syn- 
thesis by examining the bility 'of TI°to inhibit binding of 
Met-tRNA,; to ribosomes obtained from “reticulocyte lysates 
supplemented with haemin or from unsupplemented lysates, 
amd the corresponding pattern of « rabosome-associated 
proteins phosphorylated by the protein kinase{s) present in 
the TI preparation. We have established a correlation be- 
tween the phosphoryl&tion of proteins associated with 
native 40S ribosomal subunits and the loss of binding ac- 
tivity of the ribosomes. 

TI was prepared from unsupplemented reticulocyte 
lysates, as described before®. Protein synthesis by reticulo- 
cyte lysates supplemented with 504M haemun is*inhibited 
80% by 25 wg of TI preparation in a 50-ul assay (unpublished 
work of Sarma, M. and Baglioni, C.). Ribosomes isolated 
from reticulocyte lysates (Fig. 1) were incubated with 
CH)Met-tRNA; and GTP. The amount of initiator tRNA 
bound was measured by passing the incubation mixture 
through nitrocellulose filters directly or by fractionating 
the incubation mixture on gradients’. Gradient fractions 
were passed through filters, and Met-tRNA; was found 
bound to ribosomes only (data not shown). This binding is 
GTP °*dependent and elIF-2 is the only initiation factor 
reported to bind Met-tRNA; in a GTP-dependent fashion". 

Inhibition of Met tRNA, binding by TI was assayed by 


Binding (%) 
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Fig. 1 Time course of inhibition of (*H)Met-tRNA, binding to 
ribosomes by a translational inhibitor (TI) in the presence or 
absence of ATP Reticulocytes were obtained from rabbits made 
anaemic with 1|-acetyl-2-phenylhydrazine. TI was prepared from 
the postribosamal supernatant of unincubated reticulocyte 
lysates, following the procedure of Levin ef al’. The fraction 
eluted from DEAE-cellulose at 0.24 M KCl was used. Ribo- 
somes were prepared as previously described", except that all 
solutions contained 1 mM dithiothreitol. Stripped Met-tRNA, 
from rabbit liver (Grand Island Biological Co.) was charged with 
(3H) methionine (3.7 Cı mmol~) using an E. coli aminoacyl 
synthetase (Miles). Approximately 40 ug of ribosomes were 
incubated in 35u] incubation mixtures containing buffer A 
(110 mM KCI, 20 mM Tris-HCl pH 7.5,5mM MgCl, 1.2 mM 
dithiothreitol), 12 ug of TI and 40 pM ATP(x) or no ATP (O). 
After incubation at 30 °C for the time indicated on the absissa 
3 pmol of (7H)Met-tRNA, (7,500 c.p.m.) and 1 mM GTP ın 
15 ul of buffer A were added and the incubation continued for 5 
min at 24 °C. The reactions were stopped and the ?7H)Met-tRNAy 
bound determined by the nitrogellulose filteg assay previously 
described?4 Samples which were not incubated at 30 °C before 
the addition of Mat-tRNA; bind about 0.3 pmol of 
Met-tRNAy,. Binding 1s expressed as the percentage of binding 


x activity relative to such samples. 
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pre-incubating ribosomes with TI for various times, then 
adding Met-tRNA; and GTP (Fig. 1} Only some loss of 
binding activity is observed on incubation of ribosomes 
with ATP or TI (Thble 1}. Ad&ition bf 404M ATP to- 
gether with 12 ug Sf TI however, results in 75% inhibition 
of the binding of Met-tRNAy; (Fig. 1). We have, therefore, 
shown an ATP requirement for the inhibition, suggesteng 
that the protem kinase activity of TI is directly responsible 
for the inhibition of Met-tRNA; binding to ribosomes in 
the assay described. The ATP redliirement can be shown 
because ribosomes have been isolated through a sucrose 
cushion, thus removing endogenous ATP. Incomplete re- 
moval of ATP may be responsible for the slight loss of 
Met-tRNA; binding activity observed in incubations with 
no adde¢ ATP (Table 1). Addition of 1.5 4M cAMP has 
no effect on the loss of Met-tRNA; binding activity (data 
not shown), indicating that the inhubitor protein kinase is 
not stimulated by cyclic AMP. 

Inhibition of Met-tRNA; binding by TI and 40uM ATP 
is incomplete, leaving about 25% of the original activity 
of control ribosomes (Fig. 1). This residual binding may bt 
due to elF-2 activity which is resistant to igactivation by 
TI A higher resistance to inactivation by TI is indeed 
observed with ribosomes prepared from lysates supple- 
mented with haemin (Fig. 2). Loss of Met-tRNA; bfnding 
activity is consistently less for these ribosomes than for 
ribosomes prepared from unsupplemented lysates (Table 1). 

Since inactivation of Met-tRNA, binding in the presence 
of TI is ATP-dependent and protein kinase activity is 
present in TI preparations, át is geasonable to propose that 
wapecific initiation factor(s) involved in the binding of initia- 
tor tRNA to ribosomes are inactivated by phosphorylation. 
We have, thertfore, used (*P-y)ATP | to phosphorylate 
reticulocyte ribosomal proteins and have examined the 
proteins by electrophoresis on polyacrylamide gels. Figure 3 
shows the autoradiographic pattern obtained when ribo- 
somes are incubated with TI in conditions which lead 
to the inhibition of Met-tRNA; binding (track 1). Many of 
the bands correspond to polypeptides present in the TI pre- 
paration (track 5). Notable among thé phosphorylated poly- 
peptides of ribosomes (track 1) are those of MW 67,000, 
53,000 and 38,000. The 67,000 polypeptide has a MW 
similar to that of initiation factor IF-M1, which has been 
reported to be 65,000 (ref. 15). The other bands may cor- 
respond to two of the three polypeptides comprising eIF-2. 


Table 1 ATP dependence of the inhibition of Met-tRNAr binding 
by a translational inhibitor (TJ) and protection from inactivation 


e by haemin 
Exp. no. Inhibition (%) 
+ATP TI +TI -+-TI 
+ATP +ATP 
+haemin 
l 21 19 71 43 
2 30 — 73 51 
3 24 ~— 78 -— 
4 — 1] 54 — 
5 = 9 64 * oe 
6 — — 61 50 


Ribosomes were incubated 5 mineat 30 °C with 40uM ATP, where 
indicated, and/or 12 ug TI, and then with (7H)Met-tRNA; and GTP 
as indicated in Fig 1. Determination of the bound Met-tRNAy was as 
described in the legend of Fig. 1. Ribosomes from the incubations 
designated as ‘-+-haemin’ were obtained from reticulocyte lysates 
supplemented with 50uM haemin, all other incubations contained 
ribosomes from unsupplemented lysates. Inhibition is expressed as 
the percentage of binding activity lost relative to samples not 
incubated at 30°C before addition of Met-tRNA; and GTP. 
Different preparations of ribosomes obtained from different lysates 
were d for each experiment. Addition of TI and ATP after 
incubation of ribosomes wifh Met-tRNA; and GTP does not decrease 
the amount of bound Met-tRNA,;. Protein synthesis in cell lysates is 
50% inhibited by 10g of TT in a 50-1] assayd?, and Met-tRNA; binding 
3 ee 50% by 5 ug of TI ın the assay described in the legend 
of Fig. 1. 
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Fig. 2 Time course of haemin protection of (#H)Met-tRNA,; 
binding to ribosomes from inactivation by TI. Approximately 
401g of reticulocyte ribosomes from either lysates supplemented 
with 50 uM haemin (a) or unsupplemented lysates (b) were 
incubated with 40 pM ATP and TI at 30°C for the time 
indicated *on the absissa as described in Fig. { Then 
(7H)Met-tRNA; and, GTP were added, the incubation con- 
trnued at 24°C for 5 mun, and the samples processed as 
described in Fig. 1. Binding is expressed as a percentage of the 
amount of (@H)Met-tRNA; bound relative to samples 
incubated without TI. 


Phosphorylation in vitro of each of the three subunits of 
elF-2 by protein kinases has been reported (refs 9-12, and ~ 
P. Farrel et al., personal communication). Moreover, phos- 
phorylation of the 38,000 subunit may be responsible for 


inhibition of initiation of protein synthesis (ref. 11, and 


P. Farrel et al., personal communication). Phosphorylation 
of other imitiation factors which stabilise the association of 
Met-tRNA;: with 40S ribosomal subunits’ may also play a 
role in the inhibition of Met-tRNA, binding. 

A difference in the pattern of phosphorylated polypeptides 
is observed between ribosomes prepared from lysates. sup- 
plemented with haemin (track » and those from unsup- 
plemented lysates (track 1). A polypeptide of MW 53,000 
is phosphorylated to a much greater extent in the ribo- 
somes from unsupplemenfed lysates. This polypeptide is 
assockated with native 40S ribosomal subunits. Incubation 
of these subunits with TI and (’P-y)ATP results in the 
phosphorylation of several polypeptides, among which is the 
53,000 polypeptide. Addition of 50 uM haemin to the in- 
cubation medium markedly decreases the phosphorylation 
of this polypeptide (Fig. 3, tracks 3 and 4). The 53,000 MW 
polypeptide is not associated with salt-washed 40S subunits 
derived from polysomes (unpublished work of Sarma, M. 
and Baglioni, C.). Since most eukaryotic initiation factors 
are associated with native 40S ribosomal sub-units’’™, it is 
likely that the polypeptides phosphorylated by TI which are 
associated with these subunits, but not with salt-washed 
40S ribosomal subunits, are initiation factors. 

The data presented here show that a certain amount of 
the Met-tRNA,; binding capacity of ribosomes is resistant 
to inactivation by TI. Ribosomes from haemin-supple- 
mented lysates show a greater resistance to inactivation by 
TI than those from unsupplemented lysates. This increased 
resistance due to haemin is correlated with a decrease in 
phosphorylation of a specific polypeptide of MW 53,000. 

We have established that haemin co-sediments with ribo- 
somes prepared from celfextracts supplemented with 50 #M 
haemin. By analysing the vistble absorption spectrum of 
these ribosomes, we find the typical spectrum of a haemin— 
eprotein complex with a maximum absorption at 390 nm. 
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Fig. 3 Polyacrylamide gel electrophoresis of (®*P)}-labelled 
ribosomal proteims. For tracks | and 2, 40 ug of ribosomes from 
either lysates supplemented with 50 uM haemin (2) or un- 
supplemented lysates (1) were incubated with TI as described in 
Fig. I, except that 40uM (@*P-y)ATP (15 Ci mmol) and 
1.5 uM cyclic AMP but no ((H)Met-tRNA; or GTP wêre added. 
Omussion of cyclic AMP results in no chagge in the pattern of 
phosphorylated proteins at this ATP concentration. For 
tracks 3, 4 and 5, 25 ug of TI were incubated with 30 ug of BSA, 
400 uM "ATP, 5 uC of @®P-y)ATP, 1.5 uM cyclic AMP, 25 mM 
HEPES-KOH (pH 7.2), 6 mM Mag({OAc),, 20 mM KCI, and the 
following additions: 3, 16 ug of native 405 ribosomal subunits 
prepared according to Fretenstein and Blobel#®; 4, 16 ug of 
native 40S subunits and 50 uM haemmn; 5, no additions. Incuba- 
tions were at 30°C for 30 min in a 50-l volume. Omission of 
cyclic AMP resulted in a significant decrease in the phosphorylation 
of only two bands, one of MW _ 31,000 which is a mbosomal 
protein present in salt-washed 40S nbosomal subunits!® and the 
other of approximate MW 130,000. Reactions were stoppet by 
adding an equal volume of 2x electrophoresis buffer. Samples 
were fractionated by electrophoresis on 8-cm gel slabs, made 
with 12,5% acrylamide and 0.1 % oe at pH 8. ap with 
a 2-cm* 5% acrylamide, 0.13% 61s-acrylamide stacking gel at 
pH 6.8 according to Laemmli** with dis-acrylamide concen- 
trations from Blattler ef a/.**. Electrophoresis was at room 
temperature for 1 h at 50 V, then for 3.5 h at 150 V. Gels were 
stained with Coomassie Brilliant Blue, dried, and autoradio- 
graphed for 1-3 days using Kodak RP Royal X-Omat film. 
The MW included have been calculated by running in separate 
tracks marker polypeptides of known MW. 
@ 


Ribosomes obtained from cell extracts unsupplemented with 
haemin do not show such an absorption at 390 nm. Haemin 


-may (i) render the 53,000 MW polypeptide a less accessible 


substrate for a protein kinase, (H) inorease the activity of 
a phosphatase specific for this polypeptide, or (i) inhibit 
a kinase which specifically phosphorylates this polypeptide 
Haemin may modulate the activity of a protein kinase and 
of a phosphatase, as suggested by Traugh™. The finding 
that haemin promotes the aggregation of inactive low MW 
initiation factors into active high MW complexes’’, sug- 
gests, however, that haemin may directly chafge the con- 
formation of initiation factors and possibly render them 
more resistant to inactivation by protein kinases. 

This research was supported by grants from the NTH. 
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Does 5S RNA function by a 
switch between two secondary structures? 


THE structure of 5S RNA has been a lively field for experiment 
and speculation, with no definitive resolution of the problem 
in sight (see refs 1 and 2 for reviews). Fox and Woese® suggested 
comparative sequence analysis of prokaryotic 5S RNAs as a 
method for locating base paired regions, an appealing procedure 
because of its similarity to the method used to substantiate 
the cloverleaf modePfor tRNA. Its logic states that if all known 
5S RNA sequences contain complementary bases at a site, a 
double helix probably exists there in the functional form. 
We propose that comparative sequence analysis suggests two 
different functional structures for prokaryotic 5S RNA. One 
of them has been introduced by Fox and Woese?, and its set 
condary structure is based on four comserved helices: the 
‘molecular stalk’ (Escherichia coli residues 1-10 and 119-110), 
the weak ‘tuned helix’ (18-23/65—60), the ‘common arm base’ 
(31-34/51-48) and the ‘prokaryotic loop’ (82-86/94-90). The 
base paired structure that results is consistent with enzymatic 
digestion!4 and chemical modification?’ results on native 
5S RNA, if allowance 1s made for protection of residues by 
tertiary bonding as well as secondary structure. This ‘model’, 
however, does not explain the apparent conservation of a double 
helix (33—39/88-—-82 in E. cols) (Table 1) which 1s sterically incon- 
sistent with two of the helices listed (tite common arm base and 
the prokaryotic loop). Fox and Woese? noted this conservation 
but considered it unimportant because of the variable helix 
length and the conflict with the other two helices. 

Our proposal begins with the observation that the alternate 
conserved helix explains the enzymatic degradation pattern‘ of 
the ‘denatured’ or B form of 5S RNA (ref. 13), whereas the 
Fox and Woese model does not. Hence the alternate con- 
served helix, which we term the ‘central helix’, may be part of 
the secondary structure of the B form. Since the central helix 
is conserved over all known sequences, we conclude that it is 
functionally significant. Therefore the finding of two con- 
formational forms of 5S RNA is neither accident nor artefact, 
but an indication of an important conformational balance 
which allows rearrangement of 5S RNA secondary structure 
during protein biosynthesis. The fact that only the A form has 
yet been isolated from native ribosomes may be because of 
instability of the B form except in the elongation factor G/GTP/ 
ribosome complex. 

Figure 1 shows the two models. Phe crucial observations 
that distinguish them derive frbm the nucléase digestion ex- 
periments of Jordant. he found a fragment of the B form con- 
taining residues 25-41 and 96-80, clearly indicating that those 
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° Table 1 The neighbourhood of the central helix in prokaryotic 5S RNA (frames) 
; 
E.colis . gs Ueogaccu | Gaccoca J... GGU AGUG UCCCCAUG. .. 
Photobacterium 82653 ` ..acccacco. | cauccc | vUGC cGAA ..... CGU AGUGU UCCCCAUG. .. 
Pseudomonas fluoyescens? . -ÅA CACCU GAUCCEA ibis GGU AGUG UCCCCAUG. ae 
Clostridium pasteurianum ...UAACACUC | cuuccc | avuc’CGAA ..... GGUACUGCAG COCUGUG. .. 
Bacillus megaterium “ucacacce | auuce | CAUAC CGAA ..... GGU AGUU UUUGUCCCUG. . . 
B. stearothermophilus”® ..AAACACCG | GuucC | CAUCC CGAA ..... GGU AGUU © CAGCGCCCCUG. . 
B. subtilis! ..ucacaccc | cuuccc | AUAC CGAA ..... GaU AGUC CUUCCČCCUG. . . 
B. licheniformis! . UCACACCC GUUCUCA | UGC CGAA ..... GGU AGU UUCCCODG. .. 
A. nidulans ,.aaccacucuc | acco | caUcc cGAA ..... GAUAGCUCCC , AGCOGAUCG... 











sections are bonded together. This feature is found in our B- 
form model but not in the A-form model. The only double 
helices included in Fig. 1 are those which can be justified by 
comparative sequence analysis. The ‘tuned helix’, though 
sterically feasible in the B form, is not included because chemi- 
cal modification results’ indicate that G, is accessible for 
modification in the B form. The high activation energy necessary 
for the conversion between the two forms* corresponds well 
to the melting of the specific helices. 

We feel that most of the remaining structural organisation 
of both 5S RNA forms is probably not provided by Watson- 
Crick base pairing, but rather by tertiary interactions of an 

-anknown nature. There is, however, no definitive method for 
‘listinguishing secondary and tertiary structures in RNA mole- 
cules. NMR me®surement of protons in hase pairs is a pro- 
musing technique, but is complicated by the contribution of 
resonances from protons in tertiary bonds with chemical shifts 
similar to protons in standard base pairs'®~!”. Hence we can 
discount detailed models of 5S RNA structure based on NMR 
measurements which ignore possible contributions from ter- 
tiary bonds!*. Our studies of conformational equilibria and 
dynamics in 5S RNA (in preparation) provide circumstantial 
evidence favouring extensive tertiary structure in 5S RNA. 


Fig. 1 a, A-form snd b, B-form conformation of prokaryotic 
5S RNA. Sequences complementing 23S RNA and tRNA 
segments are indicated. 
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The detailed mechanism of the 5S RNA conformational 
switch, and the role of GTP hydrolysis and ribosomal pro- 
teins!*** are subjects for potentially endless speculation. 
We limit ourselves to one observation. Figure 1 shows the 
highly conserved region G,,—G,;, which has recently been 
found to be complementary to a 238 RNA sequence; also 
nucleotides CGAA in position 43-46 have been proposed***? as 
a tRNA binding site on the basis of their complementarity with 
the tRNA “sequence T¥CG. Note that the first base of the 
central helix precedes ¢his CGAA sequence by exactly 10 nucleo- 
tides in all species but the blue-green alga Aspergillus nidulans, 
where both helix and distance are shorter by one nucleotide. 
The A +> B conformational switch, as represented in Fig. 1, 
places the tRNA binding site adjacent to the 23S RNA in the 
B form, but free to move away from that position in the A 


form. A switch from one conformation to another, possibly — 


induced by the binding and release of the elongation factor G, 
could cause movement of the tRNA relative to the 23S RNA. 
“As the migration of the mRNA in the ribosome is probably 
induced by the tRNA (ref. 24), a process of this sort is likely to 
be part of the translocation step in protein biosynthesis. 
HERMANN WEIDNER® 
RAYMOND YUANT 
: DONALD M. CROTHERS 


Department of Chemistry, Yale University 
New Haven, Connecticut 06520 
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matters arising 


Assortative mating 


V ETTA! claims that Fisher’s? well known 
formulae for the correlations between 
relatives under assortative mating are 
incorrect, and he presents „alternative 
formulae for the parent-child and sib-sib 
correlations. I intend to publish else- 
where a simplified proof of Fisher’s 
results, but it seems worthwhile to in- 
dicate here why I am not convinced by 
Vetta’s argument. j 

Consider for simplicity the case in 
which there is no dominance and no 
environmental variability, so that all the 
variance is additive genetic. The alter- 
native formulae for the parent-child 
correlation, which is in this case the 
same as the sib~sib correlation, are as 
follows 


Fisher: X1 +p), and 
Vetta: 4[1+ynU—p)*] 


where u is the correlation between hus- 
band and wife. There is nothing in 


Co model which restricts attention 


to positive, as opposed to negative, 
assortative mating, so that u may 
meaningfully take any value between — 1 
and +1. Fisher’s correlation increases 
linearly from 0 to 1 as u increases from 
—1 to -++1, which seems reasonable. 
Vetta’s correlation is negative when 
u < —0°47, which seems implausible, and 
is less than —1 when yp < —0.87, 
which is impossible. Even if we confine 
our attention to positive values of u the 
behaviour of Vetta’s correlation is 
strange, since it increases from 0.5 to 
0.574 as u increases from,0 to 4, and then 
decreases back to 0.5 as u increases 
further from + to 1; I find it difficult to 
understand how the correlation can fail 
vto be an increasing function of u. 

It is also quite easy to prove, at least 
to my satisfaction, that Fisher’s correla- 
tion is correct in this case. Elementary 
genetic considerations show that the 
expected value for the child given full 
information about the complete geno- 
types of both parents is equal to the 
mid-parental value. Hence the regression 
of child on mid-parent is linear with unit 
slope, from which it follows that the 
parent-child correlation is 441+). 

Vetta claims that Fisher’s formulae 
cannot be true in general because they 
predict that the parent-child correlation 
will in some circumstances exceed the 
sib-sib correlation; Vetta considers this 
to be impossible, but has given no 
reason to support this assertion. » 

I conclude that Vetta has fajled to 
demonstrate that Fisher’s formulae are 
incorrect, and that the alternative form- 


ulae presented without proof in his paper 
are almost certainly incorrect. 

M. G. BULMER 
Department of Biomathematics, 
University of Oxford, 
Pusey Street, Oxford, UK 
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VETTA REPLIES—I consideri that the 
assumptions on which Fisher? derived his 
formulae are not valid for his model 
and Bulmer? raises no objection to this. 
His objections concern the parent-child 
correlations not being a linear function 
of u, the applicability of the model to 
disassortative mating and the excess of 
sib correlation over parent-child corre- 
lation. I consider these in turn. 

Bulmer® claims that there is nothing 
in Fisher’s model which restricts u and 
that it “may meaningfully take any 
value between —1 and +1”. Un- 
fortunately, the constraints of Fisher’s 
model are not well understood. In fact, 
A (= u in Bulmer’s example) cannot be 
increased to 1 without limit. For example, 
when A==1, the increase in additive 
variance is infinitely large. It is difficult 
to conceive of any trait with infinite 
variance. Thdt assortative mating could 
increase gefietic variance to infinity is 
beyond belief. It is more likely that there 
are genetic constraints which ensure that 
the increase ın variance brought about by 
a given degree of assortative mating 
will not be too large. The notion that 4 
can be increased at will, to 1, is un- 
acceptable. 

Is there any reason, apart from the 
formula 4c,c,(1+-p), to assume that the 
parent~child correlation will increase 
linearly with u? I know of none. In- 
deed, it is not absolutely clear how a 
non-linear increase, At?/(1—A) in the 
additive variance should give rise to a 
linear increase of exactly +A in the parent- 
child correlation. There is, therefore, 
no reason to believe that A can take 
any value between 0 and 1 and that the 
increase in the parent-child correlation 
should be exactly 44. 

Are there any data which might indicate 
that an increase in u will, necessarily, 
result in an increase in the parent—child 
correlation? Data on human populations 
are scarce but studies‘ on racehorses, 
which have been bred assortatively for 
generations, do not support this asser- 
tion. 

Fisher* showed that assortative mating 
(AM) will introduce association between 
phases of factors of an individual and 
this will increase the additive variance 
of the population. Wright® asserted that 
AM will also introduce correlation be- 
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tween the additive and dominance devia- 
tions of mates. I show that this, indeed, 
happens ın Fisher’s model. Fisher, 
however, did not take acccount of such 
correlations. In deriving my formulae, 
I take account of these and thus, provide 
a synthesis of Fisher and Wright on 
AM. I show that AM will (1) increase 
the association between additive devia- 
tions of a parent and his progeny and 
(2) introduce association between the 
additive deviations of one and the 
dominance deviations of the other. These 
considerations require a correction term 
to Fisher’s formulae. This term, when 
Cy =cy=1, will be 4A4*(4—2) for 
parent-child correlation. Note that when 
Cc, = 1,(2) is O but (1) is not 0. 

In Fisher’s model A has two meanings: 
it is the genetic component of u and it 
also represents genetic correlation be- 
fween phases of factors. It occurs in the 
former sense in Fisher’s formulae and 
in the latter sense in my correction term. 
Obviously, when the correlation between_ 
phases of factors is 0, that is, the popula- 
tion is mating assortatwely for the first 
time, my correction term is Q. I, there- 
fore, assert that Fisher’s formula for 
parent-child correlation, as given by 
Bulmer, is correct for a population which 
mates assortatively for the first time 
and is not correct for his model where 
the population is in*equilibrium under a 
given degree of AM. 

Geneticists®’ distinguish between 
assortative and disassortative mating 
because they have different genetical 
consequences. No polygenic model of 
disassortative mating is available. If one 
is constructed on the lines of Fisher’s 
model. it wil differ from the latter in 
three respects. First, there will be nega- 
tive correlation between genotypes of an 
individual. Second, fhe genetic variance 
will decrease. And third, the correlation 
between the additive and dominance 
deviations of mates will be negative. 
Moreover, the attainment of equilibrium 
may present certain problems. Even if, 
for a given yp, all these effects were 
exactly the same in the two models, the 
correlational formulae may still not be 
the same. Fisher? restricts himself to a 
model which results in “an increase in 
variance’, Later®? discussing it, he 
uses assortative mating and homogamy 
by which he means “the tendency of 
mating like with like” interchangeably. 

I considered the possibility that, for 
his model, sib correction could be greater 
than the parent-child correlation but 
rejected it. Briey, the reason is that, in 
presence ‘of partial Yominance, it is 
greater than parent-child correlation 
for one factor as well as for a large 
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number of .factors!®. This holds for 
assortative mating when the nunfber of, 
factors is small. There 1s no reason to 
believe that the situation ts reversed 
when the number bf factors is large. 
Fisher**, himself, believed this to be the 
case for his model and I agree with him. 
For, in Fisher’s model, where add., 
dev., dom. and cov. stand for additive, 
deviation, dominance and _ covariafice 
respectively, sib covariance = cov.(add. 
dev., add. dev.) — cov.(add. dev., dom. 
dev.) -- cov.(dom. dev., dom. dev.), and 
parent-child covariance = cov.{add. 
dev., adds dev.) — cov.(add. dev., dom. 
dev.). All covariances on the right of 
these equations are positive. Mendelian 
segregation will ensure that cov.(add. dev., 
add. dev.) and cov.(add. dev., dom. dev.) 
in the two equations are equal. It is 
ob*ious that in presence of dominance, 
sib covariance will be greater than the 
parent-child covariance. In absence of 
dominance they will be equal. In- 
cidentally, I do not assert that it 1s 
‘impossible’ for parent-child correlation 
to exceed the sib correlation, only that, 
in Fisher’s model, it should not. j 
ATAM VETTA 
Oxford Polytechnic, 
Qxford, UK 
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Cholecystokinin produces 
bait shyness in rats 


BECAUSE an injection of cholecystokinin 
(CCK) (or of the synthetic C-terminal 
octapeptide of CCK") réduces food in- 
take in the fasted rat, it has been sug- 
gested by Gibbs, Smith and colleagues? * 
that CCK may be a satiety signal. We 
present here evidence against this con- 
clusion. 

To quote from ref 4, “In order to 
establish CCK as a physiological satiety 
Signal, one requirement is that CCK 
does not inhibit feeding by inducing 
nausea or other subclinical sigkness”’. 
An attempt to detect such sickness was 
made by, injecting CCK after the rats 
had drunk a saccharin solution. If sick- 
ness occurs after CCK then less of the 
saccharin solution should be drunk on a 
subsequent occasion’. 

The tests for nausea already per- 
formed*’, however, were quite insensi- 
tive. In the first’ the rats*were extremely 
thirsty (234 h) and were given a very 
attractive sweet taste to drink (0.29% 
saccharin). Such test conditions would 


only be expected to reVeal a very strong 
nausea induced by CCK. The dose of 
CCK used in this nausea test suppressed 


* eating by only 50% when the CCK was 


injected before the rat ate’. This sug- 
gests that only a mild degree of nausea 
was induced by that dose of CCK if 
nausea was indeed the explanation. The 
results of the test showed no effect of 
CCK (40 Ukg™) or synthetic terminal 
octapeptide of CCK (40 Ukg™’) but a 
strong effect of 0.15 M lithium chloride 
as 0.6% body weight. Lithium chloride 
in this dosage is a very powerful 
aversive agent. Even higher levels of 
thirst were used in a comparison of 
apomorphine, another strong aversive 
agent, with CCK (40 Ukg™) (ref. 4). 
Conditioned aversion was shown to 
apomorphine but not to CCK. Whilst 
these studies show that. in the doses 
used, CCK (or the C-terminal octa- 
peptide) is less aversive than LiCl or 
apomorphine, more sensitive tests of 
nausea might reveal intermediate 
degrees of aversiveness. 

In our first experiment we used rats 
(Charles River, male Sprague-Dawley) 
22-h thirsty and given 8-min exposure 
to a novel neutral flavour (almond 
Schilling 0.5% in water). Immediately 
after this drinking period nine rats 
„were injected intraperitoneally with 40 
“Ivy dog units per kg of the terminal 
octapeptide in saline’, and 8 h later the 
rats were given water ‘ad libitum for 2 d. 
Then they were again water deprived 
for 22h. Both groups were then again 
presented with the almond solution for 
8 min. The mean amount consumed on 
the first day of exposure was almost 
identical for the experimental rats 
(70.3 ml) and for the control rats 
(10.4 ml), but on the second presenta- 
tion the control rats drank a mean of 
14mlI as against 9.6 m] consumed by 
experimental animals (t=3.66, d.f.= 16, 
P<0.01). We used an even more sensi- 
tive indicator of conditioned aversion 
in our second experiment by using a 
preference instead of a single bottle 
method as a test. A group of 14 naive 
Sprague-Dawley rats underwent 22h 
water deprivation; half the rats were 
then presented with almond flavoured 
water and the others with banana 
flayoured water (both 0.5% Schilling). 
After 24h of water ad libitum theerats 
were again deprived of water for 22h 
and allowed to drink the alternate 
flavour. Immediately following the con- 
sumption of this flavour, the experi- 
mental rats were injected with CCK 
octapeptide as above, while the control 
rats were injected with vehicle. After 
24 h of water ad libitum, rats were again 
fluid deprived for 22 h. They were then 
given a 30-min simultaneous choice be- 
tween the two flavoured solutions. The 
controls drank a mean of 8.9 ml of the 
flavour presented on the first day, and a 


mean of 8.6 ml of the fluid presented on 
6 
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the second day when these fluids were 
simultaneously presented. In contrast, 
the rats injected with the CCK C 
terminal octapeptide drank a mean of 
9.4 ml of the flavour that had been pre- 
sented on the first day, but only a mean 
of 3.3 ml of the flavour paired with the 
octapeptide when the two flavours were 
presented simultaneously. There was a 
Significant difference between the 
experimental and, control groups 
(t=4.36, df.==12, P<0 001), indicating 
a larger conditioned aversion due to the 
octapeptide measured by this more 
sensitive method. We therefore con- 
clude that the C terminal octapeptide 
of CCK in the dose administered to 
produce apparent satiation causes some 
form of sickness in the rat. Whether 
CCK ts a satiation hormone 1s therefore 
left in considerable doubt. 

We thank Dr A. Ondetti, Squibb 
Institute for Medical Research, for 
CCK octapeptide. 
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GIBBS AND SMITH REPLY——The produc- 
tion of a conditioned taste aversion, 
using a single dose of the synthetic 
octapeptide ôf CCK as the uncon- 
ditioned stimulus, is not a critical test 
of the hypothesis that CCK mediates all 
OF part of the satiety effect of food in 
the intestine. One indirect test of the 
hypothesis using the taste aversion 
paradigm would be the comparison of 
dose-response curves for both satiety 
and taste aversion If the doses of CCK 
required for satiety were always equal 
to or larger than the doses that are 
aversive enough to produce a con- 
ditioned taste aversion, this would be 
indirect evidence against the hypothesis. 
Such a comparison has not been per- 
formed. The hypothesis will be most 
critical tested, however, when the con- 
centration of ‘circulating, endogenous 
CCK can be measured reliably during 
satiety. Then it should be possible to 
decide if ingested food releases 
sufficient CCK to account for the 
satiating effect of that ingested food. 
J. Gress 
G. P. SMITH 
University of Oxford, Department 
of Bxperimental Psychology, 
South Parks Road, 
Oxford, UK 
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Landscape legacy for Ireland 


R. Common 





d 
The Irish Landscape. By F. Mitchell. 
Pp.240+32 plates. (Collins: London, 
1976.) £5.50. 


AS an environmental scientist, and as 
a countryman at heart, Professor Mat- 
chell is concerned in this book wath the 
interactions of natural phenomena and 
the relationshrps between man and 
environment that are now reflected in 
the Irish landscape. 

The author first provides an outhne 
of the geological evolution of Ireland, 
emphasising the broad relationships be- 
tween rock type, rock structure and 
denudation process in the disposition, 
of the major relef features Professor 
Mitchell embellishes his narrative, from 
the outset, with comments that are 
definitive or with opinions that are 
open ended. He uses the map appro- 


$b priately, to show space relationshrps, 


amd the diagram effectively, to indicate 
the time sequences of fornrative events. 

Explanatory descrmpttons of selected 
features that are associated with near- 
glacial and glacial conditions introduce 
the next obapter, which is concerned 
with pakaeogeographkal conditions in 
the Quaternary era. The author pro- 
vides an énterpretation which en- 
lightens rather than cenfuses, and 
resists the temptation to depart from 
valuable generaksation for the com- 
plexities of local detail. His subsequent 
treatment of the development of Irish 
soils, plant covers and amimal popula- 
tions as climatic conditions, land and 


Ysea distributions changed in post-glacial 


time is equally thoughtful and 
disciplined. 

Chapter 4 deals wath the first farmers 
and their growimeg influence on the 
physical environment over a timespan 
of almost 4,000 yr. The findings of the 
archaeologist and the palaeobotanist 
provide the basis for the author’s sug- 
gested sequence of landscape changes 
Amendments, no doubt, wil follow as 
more evidence becomes avatlable, but 
these should not dimsnish the im- 
portance of this particular contribution 
or the diligent research work of fellow 
scholars ° 

In deahng with the landscape from 
early mediaeval times to 1900 the 
author reinterprets historical events in 
terms of human activities on the land. 
The human errors and pressures which 
encouraged environmental deterjora- 


tton m this period seem to have in- 
fluenced his thoughts on present 
conditions. Chapter 6, in fact, begins 
with a review of significant features in 
the contemporary scene and then con- 
siders the optrons for change which can 
enmch or degrade them. Understand- 
ably, therefore, the final chapter 
develops this tmportaht theme of a 
landscape legacy which future genera- 
trons of Irish people well dnherit. 

This well illustrated book is written 
with a direct style, a clarity*of thought 


and a turn of phrase which make for 
pleasurable reading. It will appeal to 
those with general interests in’ Natural 
History besides satisfying these with 
particukar interests am Ireland. In 
academic terms st claims a significant 
place beside the writings of R. L. 
Praeger, J. K. Charlesworth and E, E. 
Evans. Oo 


R. Common is Reader in Geography at 
Queen’s University, Belfast, Northern 
Ireland. 


Pheromone communication 


Animal Communications by Phero- 
mones. By H. H. Shorey. Pp viii+ 167 
(Academic New York and London, 
1976) $16.50; £10.05. 


PHEROMONES, are chemicals pro- 
duced by gn individual which elicit 
specific behavioural or developmental 
reactions when perceived by other 
individuals of the same species. The 
presence of pheromones has been 
deduced in most animals, from Proto- 
zoa to primates, and in some groups 
such as the insects and mammals, 
many pheromones have been identi- 
fied chemically, and the synthetic 
compounds shown to have the same 
effects as the natural substances. 

A comprehensive survey of the func- 
tions of pheromones requires a formid- 
able knowledge of the morphology, 
physiology, behaviour, and even eco- 
logy, of members of almost every 
animal phylum The author of Animal 
Communication by Pheromones points 
out that no single-authored mono- 
graph on pheromones has hitherto 
beene published, and that his book is 
an attempt to review, digest and pre- 
sent in a cohesive manner pheromone 
communication within the entire 
animal kingdom. Unfortunately, the 
book falls far short of these objec- 
tives. 

Only brief mention is made of 
‘primer’ pheromones, a_ surprising 
omission, since the ways in which 
these substances induce developmental 
changes in the recipients can usefully 
be compared in animals as diverse as 
the insects and the mammals, and 
discussion of thoge pheromones which 
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induces both behavioural and develop- 
mental changes must necessarily also 
be limitęd. The arrangement of chap- 
ters dealing with particular ‘classes’ of 
pheromones—recognition, aggregation, 
dispersion, and so on, inevitably leads 
to repetition. The author’s style is 
turgid and often leads to confusion. 
For example, what is one to make of: 
“Colonization begigs with the alight- 
ment on a suitable host tree of an 
initially invading beetle, which may be 
a male or female (but not both), 
depending on the species” (p56) (my 
italics). 

Many of the line drawings are un- 
necessary, and most of the plates are 
too dark and without contrast. Figure 
14 (courtesy of N. W. Nowell) has a 
hopelessly inaglequate legend, and 
must be meaningless to all but Dr 
Nowell, even with reference to the 
text And why did the publishers de- 
cide to begin each chapter on an odd- 
numbered page? This may be useful in 
multi-authored compendia, where each 
contributor is normally given a 
number of reprints, but in the present 
volume it results in some chapters 
ending with up to one and three 
quarterse blank pages. Since £10.05 
buys only 121 numbered text pages, 
these blank spaces are expensive. The 
book contains an extensive bibliography 
of 726 titles, together with taxonomic 
and subject indexes. It cannot be 
recommended. 

K. C. Highnam 
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K .C Highnam is Reader in the Depart- 
ment of Zoology at the University of 
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Plants-and pathogens 


Plant Pathosystems. R A. Robinson. 
Pp. x+184 (Springer Berkn, Htidel- 
berg and New York, 1976.) DM48; 
$19 70 





Mr ROBINSON 1#s a plant pathologist 
who has been much involved over 
many years in breeding crop plants for 
resistance to umportant pathogens in a 
number of developing countmes. It is 
therefore not surprising when he states 
in his preface that this book was writ- 
ten m remote places far from good 
library facilities. This being so, one 
asks what would have been the differ- 
ence had this been otherwise, because 
Plant Pathosystems is already a very 
good book and unique an many ways. 
Tift text as based on long and varied 
experience of field plant pathology in 
Africa and essentially as a series of 
perceptive analyses of interactions be- 
tween populations of host plants and 
populations of pathogens, and of 
assessments of what such analyses 
teach about the management of orop? 
so as to decrease losses caused by plant 
pathogens to economicaly low „levels 
and, in agricultural terms, more or less 
permanently. 

The book begias with a short ‘account 
of the systems concept and of the pro- 
permies, analysis and management of 
systems. This is useful and onteresting 
to the uninitiated such as the reviewer. 
The main substance of the book starts 
with chapter 2, which first describes 
plant pathosystems, defined as any sutt 
system of an ecosystem which involves 
parasitism. It then characterises the 
“esodemic” and the ‘“exademic” as 
parts of epidemics that depend, respec- 
tively, on infection from within (auto-), 
and from outside (allo-) crops and 
which are therefore of quite different 
Significance m the development of 
epidemics especially in relation to the 
type of disease resistancé that controls 
infection. 

Chapters 3-6, as the core of the 
book, deal in depth with analysis and 
management of pathosystems compris- 
ing either interactions between vertical 
resistance and vertical pathogenicity, 
or between horizontal resistance and 
horizontal pathogenicity. Subjects dis- 
cussed tnclude the properties of ver- 
tical and horizontal resistance an gen- 
etical and epidemiological terms, the 
mature and role in disease of gene-for- 
gene relationships and of strong genes, 
genetic flextbility of host and pathogen 
in celatron to the onigin and develop- 
ments of epidemics, and the paramount 
importance of horizontal resistance in 
crop management both generally and 
as illustrated by mañy well-chosen 
examples of dmportant diseases of 
orops of different types, and especialy 
of maize and sugar-cane, 


Chapter 7 is corfcerned with the 
operation of some of these factors in 
polyphyletic crops, again allustrated 
with examples, and chapter 8 is a short 
review of the nature and assessment 
of the vulnerability of crops to serious 
damage by pathogens, and how vulner- 
ability can be decreased by various 
measures which prevent, or prepare 
for, the exposure of crops to virwent 
pathogens, 

Chapter 8 contains a series of con- 
clusions which emphasise the value of 
the systems concept and of well con- 
ceived programs of domestication of 
crop plants which exploit the superior 
quakities of horizontal resistance. A 
last chapter on terminology defines 
or describes, often at some length, no 
fewer than about 300 words, terms 
and concepts in Some 24° pagas. This is 
a particularly valuable and essential 
part of the book. There are about 100 
references, a small number in relation 
to the scopê of the book; even so, a 
few are unexpected. The shortness of 
the list is explained by the ci*cums- 
tances and style én which the book was 
written. In contrast, there is an exten- 
sive index of about 1,000 entries. 

Mr Robénson states én his Preface 
that his book is theoretical and specula- 
tive. But much of et is a good deal 
more than theoretical, as would be 
expected from Mr Robinson’s back- 
ground; and the speculation is reasoned 
and mot unrealistic. Quite a tot of the 
book is controversial. Thus, Mr Robin- 
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son’s concept of vertical and horizontal 
resistance wifi be regarded as over- 
amplified by plant pathologists who 
have studied resistance at the cellular 
and molecular levels. Also, Mr Robin- . 
son does not like the extensive use of 
vertical resistance én plant breeding 
and says so very plainly. But he is an 
enthusiast for the use of horizontal 
resistance whenever possible and that, 
m his opinion, should be almost always. 

Some plant breeders will not agree 
with the extremities of his approach. 
The writing from time to time us forth- 
right and provocative but attractively 
so and certainly should not offend those 
against which it is sometimes quite 
pointedly directed. The book és well 
and clearly written but must be taken 
slowly because almost each paragraph 
on each page contains one or more 
substantial points which must be 
understood df the main themes which 
are propounded are to have their full 
impact. But the effort called for is very 
well rewarded because few books pub- 
lished on plant pathology during the 
past three decades are so stimulating, 
challenging, and have been written 
with such worthy objectives. Plant 
Pathosystems will undoubtedly cause 
quite a stir among plant pathologists 
and plant breeders, for most of whom 
it must be regarded as compulsory 
reading. R. K. S. Wood 


R. K S. Wood is Professor of Plant 
Pathology at Imperial College, University 
of London, UK. 





Laser physics 


Principles of Lasers. By O. Svelto. Pp. 
x+376 (Plenum: New York and Lon- 
don, 1976.) $30.00. 


THERE is light, and light. Or as Svelto 
might put it, the properties and quality 
of radiation can be defined and quan- 
tified by the first, and higher-order, 
correlation functions of the electro- 
magnetic field. Thus, to first-order the 
coherence of laser light is revealed in 
its exceptional brightness and mono- 
chromaticity. The unique spatial and 
termaporal coherence of such sources has 
already led to a number of praatical 
applications, and Jargely accounts for 
the current scientific interest in this 
subject. 

This book develops the theory and 
techniques of laser physics from first 
principles (quantum mechanics and 
electromagnetism), is completely self- 
contained, and should prove of par- 
ticular value to the undergraduate 
reader. The text is well illustrated, very 
carefully referenced, and includes 
imaginatively chosen questions at the 
close of each of its nine chapters. 
(Problems in the introductory chapters, 

+ 


* 


for example, range from black-body 
radiation to practical design problems 
of ruby, dye,” He-Ne and CO; lasers.) 
Pumping processes, passive optical re- 
sonators, continuous and transient 
energy extracti6n (including the semi- 
classical treatment of 7 pulses, photon 
echoes and passive-mode-locking) are 
treated in detail; illustrative applica- _ 
tions, including holography and optical 
data-processing, are treated more gen- 
erally. Topics involving quantisation of 
the electromagnetic field (such as laser 
noise) are not discussed. 

In my opinion, unstable optical 
resonators warranted a more extensive 
discussion for example, the import- 
ance of diffuse apertures was not con- 
sidered, and Ananev’s work was not 
referenced. Surprisingly, the highly 
efficient CO laser and recent Kr: and 
Ar,* excimer (and halide exciplex) 
lasers receive no mention. These are, 
however, minor criticisms of a book 
which has been carefully*translated and 
which makes excellent reading. 

Ian J. Spalding 


lan Spalding works on laser applications 
at the UKAEA’s Culham Laboratory, 
Abingdon, UK. 
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WILEY 


INTERSCIENCE 


INTRODUCTION TO THE 
RENORMALIZATION GROUP AND 


TO CRITICAL PHENOMENA 

by P. Pfeuty and G. Toulouse, Universite de Paris-Sud, Orsay, 

France 

Translated from the French by G. Barton, School of Mathematical 
and Physical Sciences, University of Sussex. 


This book is Intended as an Introduction to an extensive domain 
within physics which has grown around certain probiems in fleld 
theory, statistical mechanics, solid state physics, chemical 
physics, and elsewhere. In the space of a few years, the subject 
as grown from a set of vague analogies to a domain thoroughly 
untied by methodology and by the language of the renormalzation 
group. Some regions of the domain have been well explored (for 
example, critical phenomena in phase transitions, vanous 
lems In field theory, the statistical mechanics of polymers, the 
ondo effect) while others are hardly touched (for example, 
dynamical critical phenomena, Inhomogenesus media, 
one-dimensional metals, instabilities in steady states In the fields 
of hydrodynamics, chemistry and biology, and many problems 
conceming elementary particles). 


0471 99440 5 200 pages February 1977 £9.00/$ 18.50 


EXPERIMENTAL REACTOR PHYSICS 
by A. E. Profio, Unversity of Cakfornia, Santa Barbara. 


Presents a complete and up-to-date treatment of geutronic 
experiments, Including experiments and techniques of radiation 
measurements in moderators, subcritical assembles, critical, 
assemblies and nuclear reactors. Emphasizes the physics of the 
situation, and the importance of estimating error as well as the 
mean value of a measured quantity. 


047% 70095 9 826 pages March 1976 £20.25 35.00 


ORGANIC ELECTRONIC SPECTRAL 


DATA: Vol. 11: 1969 

edited by J. P. Phillips, University of Louisville, H. Feuer, Purdue 
Unversity, P. M. Laughton, Gareton University, and B. $. 
Thyagarajan, University of Texas, San Antonio. 

This senes abstracts and publishes in formula order all the 
ultraviolet-visible spectra of organic compounds presented tn the 
journal hterature All entries are organized according to the 
molecular formula index system used by Chemica! Abstracts. 
0471 68802 9 1072 pages February 1976 £29.90551.60 


INTRODUCTION TO ECOLOGICAL 
ANTHROPOLOGY 


by D. L. Hardesty, University of Nevada. 


This comprehensive Introduction to modern Anthropological 
thought examines the role of the environment in relation to human 
behavior. Organized around the concept of the ecological system, 
It emphasizes human population as the focal point of ecological 
studies Ethnoecology and the use of ecological pnnciples and 
methods in paleoanthropology and pre-history are aeo discussed. 
0471 35144 X 320 pages February 1977 £9.35$ 16.00 


VIRAL INFECTIONS OF HUMANS: 


Epidemiology and Control 
edited by A. S. Evans, Yale University School of Medicine, USA. 


This book provides a comprehensive presentation of all major viral 
infections of man, with major emphasis on epidemiology and 

control It fits between basic texts on virology and the large? books 

on clinical infectious diseases. Each chapter Is divided Into ten 

sections: Introduction, history, methodology, characteristics of the 

agent, descriptve epidemiology, mechanisms and route of 

transmission, pathogenesis, patterns of host response (clinical 

features, diagnosis), prevention and control, and unsoWed, 
problems. 


0471 99435 $ 616pages February 1977 £23.00$44.00 
(Available from Wiley in the U.K., Europe and Africa[ not Israel). 
Ld 


EVOLUTION, BRAIN, AND 
BEHAVIOR IN VERTEBRATES 


Vol. 1: Modern Concepts 


edited by R. B. Masterton, Florida State University; M. E. 
Bitterman; C. B. G. Campbell, and N. Hotton. 


With chapters devoted to particular groups of vertebrates, this 
collection of artides presents an up to date overview of the evolution 
of vertebrates In terms of the development of thelr brain, sensory 
receptors, and other nervous system components. 


0470 15045 9 496 pages February 1977 £22.45 35.00 


Vol. 2: Persistent Problems 


edited by R. B. Masterton,Forida State University; W. Hodes and 
H. Jerrison. š 


This volume concentrates on method, discussing comparative 
method and homology. Topics discussed include: Comparative 
Method of Investigation; Principles of Evolution of the Brain and 
Behavior; Practical Aspects of Homology and Recognition; 
Problems In the Comparative Study of Language. 


0470 15046 7 286 pages February 1977 £11.204 19.00 


Published by Lawrence Erlbaum Associates and distnbuted by 
John Wiley & Sons Ltd. ™ 


ADVANCES IN PSYCHOBIOLOGY 


Vol. 3 
edited by A. H. Riesen, University of Calfornia, Riverside, and R. 
F. Thompson, t/niversity of Calffornia, irvine. 


Assembles recent research and current knowledge about 
behavioral changes and the nervous system. Experts delve into 
recent findings about day-rwght behavioral rhythms, sex 
differences in feeding behaviors and appetite, visual development 
as a function of the environment, and changes in the brain related 
to leaming experience. 


0471 72173 5 510 pages September 1976 £18.45§32.25 


JOHN WILEY & SONS 


NEW YORK - CHICHESTER - SYDNEY - TORONTO o 
John Wiley & Sons Ltd -Baffins Lane - Chichester - Sussex »PO19 1UD - England 
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Practical Methodsin - 
Electron Microscopy, Volume 5 


edited by AUDREY M. GLAUERT, Strangeways Research Laboratory, Cambridge, England. 
1977. about 556 pages. Price: US $71.25/Dfl. 178.00. ISBN 0-7204-0605-6. Hardbound. 








The books in this series provide enough detailed information for newcomers to carry out well- 
estabifshed techniques with success. Each volume is published in a hardbound edition for reference 
purposes and individual parts are published in paperback for easy use in the laboratory. 


Part I 


Staining Methods for Sectioned Material 


by P.R. LEWIS, Physiological Laboratory, University of Cambridge, England, and D.P. KNIGHT, 
Biology Department, King Alfred’s Cdilege, Winchester, England. 


1977. about 332 pages. US $22.50/Dfl. 56.00, ISBN 0-7204-0606-4. Paperback. 


The aims of this part are twofold: to help the beginner to choose between the bewildering variety 
of published techniques and to provide a compact source-book of those particular techniques which 
have proved to be both useful and reasonably easy to use. To achieve the first aim some discussion 
is included of the underlying chemical basis of the staining techniques. Acquaintance with 
histochemical techniques at the light microscopical level will help in the understanding of the more 
complex staining procedures described but it is anticipated that the beginner will find this volume 
self-sufficiest. Some of*the more complex cytochemical techniques are included, but the main 
emphasis is on providing full practical details of basic and dependable methods for use by the 
average electron microscopist, rather than on covering all the latest modifications and applications. 


Part Il 
X-ray Microanalysis in the Electron Microscope 


by JOHN A. CHANDLER, Tenovus Institute for Cancer Research, Welsh National School of Medicine, 
Heath, Cardiff, Wales. 


1977. about 232 pages. Price: US $17.75/Dfl. 44.00. ISBN 0-7204-0607-2. Paperback. 


This laboratory manual describes, for the uninitiated and experienced alike, the principles of X-ray 
microanalysis together with the range of instruments and techniques ayailable for producing, 
measuring and interpreting the X-ray signals. The preparation and handling of thin Specimens in the 
TEM and thicker samples in the SEM are discussed in detail for both biological and physical 
materials. Througkout, major emphasis is placed on practical details, and a wide range of 
applications is’ used to illustrate the practical problems involved in specimen preparation and 
analysis. 


Clearly illustrated to provide an easy-to-read and comprehensive reference to all aspects of X-ray 
microanalysis in the electron microscope, this book should find a place in laboratories of cell 
biology, zoology, chemistry, mineralogy, physics and metallurgy. 


In preparation 


Volume 6 Part | Autoradiography and Immunocytochemistry 
Part il Quantitative Methods In Biology 
by M.A. WILLIAMS, Reader in Human Biology and Anatomy, University of Sheffield, England. 


NORTH- HOLLAND PUBLISHING COMPANY | 


P.O. Box 211, Amsterdam, The Netherlands 


Distributorin the U S A ard Canada ° 
ELSEVIER NORTH-HOLLAND. INC., E 
52 Vanderbilt Ave , New York, N.Y. 10018 


The Dutch guilder prices are definuive US $ prices are subject to exchange rate fluctuanons 
+ 
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Calcium ` 
in control j 


Calcium in Biological Systems. (Sym- 
posia of the Society for Experimental 
Biology.) Edited by C. J Duncan. Pp. 
viii +485. (Cambridge University: Cam- 
bridge, London and New York, 1976.) 
£18. : 


THE study of etracellular calcium 
metabohsm and its hormorfal control 
has progressed steadily over many 
years, Interest m intra-ceHular roles of 
calciym, confined for some time to its 
regulatory function in muscle, has re- 
cently grown rapidly following in- 
dependent advances in several areas. 
Calcium is now known to be a key 
factor in triggerning secretion, activat- 
ing cells for division, controlling inter- 
cellular communication and regulating 
glycolysis and respiration, in addition 
to ms involvement in contractile sys- 
tems and in nervous conduction. 

Tims latest Symposium of the Society 
for Experimental Biology considers 
mamly these intracellular systems. Thé 
organisers have concentrated attention 
on the general problems of how intra- 
celular calcium Jevels are controlled, 
rather than on the detailed analysis of 
the effector roles of Ca?* which differ 
greatly in different systems. This és a 
particularly difficult experimental field 
for the very reason that caloium is 
such a good controlling ion; 4ts intra- 
ceHular concentration is normaHy in 
the submicromolar range so that small 
fluxes have large effects. 

It as only within the last five or ten 
years that the discovery of aequorin by 
Shimomura and Johnson, has provided 
a direct approach to its measurement. 
These authors contribute a useful 
paper on the properties of this mterest- 
ing lumrmescent protein and other 
papers by P. F. Baker and C. C. 
Ashley et al desoribe its application in 
nerve axons and in muscle fibres. 
Baker also provides a good general 
analysis of intracellular Ca’* regula- 
tion, and Ashley ef al. consider the 
technical problems in ithe quantitative 
interpretation of aequorin lummes- 
cence They also describe the use of a 
microscintillator probe to follow the 


influx of “Ca’™ but they do not 
evaluate the relative merits of these 
two techniques. 


Two good introductory chapters deal 
with the general chemistry of Ca™* and 
its complexes (R. J. P. Williams) and 
with a variety of natural and synthetic 
ionophores for divalent cations (M. 
Truter). I missed a similar introductory 
section on the use of electro- 
physiological techniques and coycepts 
and the uninitiated will find unfamiliar 
jargon and usage in bhis field. For 
example, the significance of a poten- 


tially interesting paper on the effects of 
intracellular calcium on membrane per- 
meability (R. W. Meech) was obscured 
by the use of the term ‘activation’ in 
different and undefined senses. 

Almost half of the twenty papers 
concern contractile systems and three 
of these were on troponin. A clear 
account of dts evolutionary relation- 
ships with parvalbumins and myosin 
light ohains, based on amino acid 
sequences (J. H. Collins), was comple- 
mented by a comparison of control 
functions in different species and a 
study of the functional interchange- 
abikity of these regulatory proteins in 
vitro (A Szent-Gyorgyl). It was 
pointed out (S. Ebashi ef al.) that in 
spite of such homologies one must be 
cautious about arguing too closely 
from the regulatory, mechanisms in 
skeletal muscle to other situations, 
since in smooth muscle, for exanfple, 
calcium behaves as an activator rather 
than as a derepressor. š 

Several papers considered the prob- 
lems of coupling between excitation 
and contraction. In skeletal muscle (S. 
R. Taylor and E. Godt) a depolanisa- 
tion induced release from sarcoplasmic 
reticulum is the main physiological 
mechanism. The more complex sttua- 
tion in heart muscle is reviewed at the 
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et al, and some of the biochemical 
problems are discussed by*E. Carafoli 
žad M. Crompton in ther critical 
evaluation of the.role of mitochondria 
in Ca’* regulation. e» 

One conclusion to be drawn from 
several of the contributions is that with 
the exception of sarcoplasmic reti- 
culum and of Ca’* uptake by mito- 
chandma, tittle is known about the 
nature of antraceHular calcium stores 
and their control. The large reservoir 
of calcium in the nucleus can best be 
described as a pool of ignorance. 

The conference is ably summarised 
in a concluding chapter (A. Weber) 
which also mentions relevant points 
from the discussion These tantalising 
glimpses make one wish that a more 
extensive record of this part of the 
meeting could have been included ein 
the book. Nevertheless, the account as 
#t stands prowdes a valuable survey of 
a diversifying and developing subject. 
It wilh be particularly valuable to 
workers in the calcium field who wish 
to keep up-to-date with advances in less 
familiar parts of their subject. 

N. Michael Green 





N. Michael Green is a member of the 
MRC staff, working at the National 
Institute "for Medical Research, London, 


physiological devel by R. Niedergerke* UK 


' By the year 2009 twice as much food, water, 
energy and mineral ore will be needed to maintain man 
in his present state of comfort — or discomfort. 


Conservation of Resources 


Since the 1973 oil crisis the Western 
industrialised nations have come to 
realise that not only oi! but almost 
all resources on which their high 
standard of living depends are in 

a finite state of supply, and that the 
Third World nations are likely to 
demand a fairer share of these 
limited resources. 


In this book recognised authorities 
in their fields present a wide- 
ranging look at the problems of 
conservation in terms of future 
energy needs and energy sources, 
human energy needs and food 
supplies, mineral resources and 
the often ignored areas of fresh 
air and fresh water. 


Paperbound 254pp 
84" x 54" 0 85186 208 X £600 


The Chemical Society 
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Pragmatics ` | 


Language and Context: The Acquis? 
tion of Pragmatics. Language, 
Thought and Culture: Advances in the 
Study of Cognition.) By E. Bates. 
Pp. xiv+375 (Academic. New York 


` and London, 1976.) $19.95; £12 20. 


e 

PSYCHOLINGUISTICS has traditionally 
depended on linguistics proper to 
supply research topics. When linguists 
produce a rule to which the sentences 
of our native language can conform, 
psycholinguists can then go off and try 
to explain either the sense in which we 
‘know’ this rule, or how we manage 
to act as if we knew it. Until quite 
recently, the rules in question were 
alrgost exclusively rules of syntax, and 
the psycholinguist’s problem was, for 
instance, to explain the mental 
organisation that might lead us to ex- 
claim “Ah, there’s the book that I was 
hunting for!” but never “Ah, there’s 
the book that I was wondering where 
was! ”. ° 

In the past few years, however, 
linguists have been giving increasıng 
attent.on to the study, under the head- 
ing of “pragmatics”, of the conven- 
tions surrounding the use of «various 
linguistic forms. For instance, ‘Can 
you shut the window” has a syntactic 
form normally associated with ques- 
tions, yet it might easily function as a 
request. Furthermore, it is a more 


polite request than aesimple “Shut the 
window”. In some circumstances, “Do 
you think it’s a bit chilly in here?” 
might be more polite still, although at 
other times it will just be annoyingly 
indirect. 

The psycholjnguist Elizabeth Bates 
has set out to chart the mastery by 
children of these, and other, subtleties 
of linguistic usage. Working from 
studies of pre-school age Italian chil- 
dren, she marks the onset of such 
phenomena as talking about talking, 
laying emphasis on particular words, 
discussing situations beyond the here 
and now, and wording an appeal for a 
sweet so as to make it as persuasive as 
possible She also considers, from the 
standpoint of Piagets theory of 
cognitive development, what mental 
Capacities are required to regch these 
pragmatic milestones, and sọ sets 
linguistic development in the context 
of general cognitive development. 

Professor Bates has written an excel- 
lent and fascinating book. She is con- 
siderate to the reader, explaining 
clearly and carefully both the theo- 
retical background, and the design and 
interpretation of her experimental 
studies It 1s a book pregnant with 
possibilities for further research, and 
one can only hope that others who 
follow her, mantain her standards of 
liveliness and clarity. S. D. Isard 


et erie NOO O 
S. D Isard ts Lecturer in Experimental 
Psychology at the Universitys of Sussex, 
UK. 





Air pollution 

Effects of Air Pollutants on Plants. 
(Society for Experimental Biology, 
Seminar Series 1.) Edited by T A 
Mansfield Pp. 209. (Cambridge 
University. Cambridge, London and 
New York, September 1976.) Hard- 
cover £8 50; paperback £3 80. 


NERENN a TE A ETA ENE, EE E TTT ste ee 
THIS volume appears 15 months after 
the seminar on which it 1s based. The 
authors have concentrated on their 
own findings, and consequently much 
material appears here for the first 
time; coverage is uneven’ and 
references highly selective. Less 
understandably, there is no attempt 
to place the contributions in a wider 
framework or to define the outstand- 
ing problems. For example? the 
chapter on uptake of pollutants 
(Unsworth, Biscoe and Black) men- 
tions only the resistance analogy 
upproach; such work surely should 
form the basis for simulation model- 
ling of the growth of polluted crops. 
but nowhere in the book ts this sug- 
gested. Only Bradshaw «on evolution 
and pollution gives an inttgrated 
account of his field The centrale 
challenge of bridging laboratory and 


field observations is raised both for 
fluorine (Davison and Blakemore) 
#nd for ozone (Manning and Feder}- 
the latter authors, like most Ameri- 
cans, eschew growth analysis. Both of 
these chapters find contradictions 
between laboratory and field data: 
could the method of expressing pollu- 
tant levels (as mean, peaks or dose) 
be partly responsible? The singular 
properties of open top chambers 
(McCune, Maclean and Schneider) 
make it unlikely that this type of en- 
closure will yield unambiguous 
results By recording changes in 
enzyme activities following fumuiga- 
tions, the Lancaster group point the 
way to pollutant-specific physiologita! 
tests Would that more work on SO’? 
and lichens were as analytical as that 
described here (Nieboer, Richardson, 
Puckett and Tomassini) Two useful 
appendices summarise data on air 
chemistry and references to bio- 
chemical effects. Overall, we are 
given valuable data but little perspec- 
tive; a book for the specialist 

J. F. Farrar 


J F. Farrar is Lecturer in the Depart- 
ment of Botany at the University of 


Liverpool, UK. . 
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Soils of arid regions 
Soils of the Arid Regions. (Develop- 
ments ın Soil Science 6.) By H. E. 
Dregne. Pp. xii+237. (Elsevier Scien- 


tific. Amsterdam, Oxford and New 
York, 1976.) Df. 75.00; $28.95, 


THE aim of this book in attempting to 
collect together the available informa- 
tion on arid region soils is highly 
commendable. In attempting to cover 
such a vast topic ın only 223 pages, 
however, the author sets himself an im- 
possible task. The inevitable resplt is 
a book which is too specialised for the 
layman and too superficial for the 
professional pedologist. 

From a brief introduction to arid 
regions (excluding polar deserts) the 
author moves on to consider with little 
comment, various approaches to the 
classification of arid region soils, finally 
selecting the USDA 7A scheme as a 
basis from which to work. Chapter 
three consists of a short discussion of 
each of the soil orders found in arid 
regions together with a cursory sum- 
mary of the geomorphology of arid 
regions. In the following six chapters 
the distribution of arid soils is con- 
sidered on a continental basis; accom- 
panying each of these chapters is an 
absurdly smal scale map showing the 
distribution of the principal associations 
of great soil groups. The choice of 
symbols is such that on several maps it 
is impossible to differentiate between 
alfisol, aridisol and mollisol groupings. 
This approach to the consideration of 
soil distribution leads to a mass of 
needlessly repetitive information on 
each great group, which could, together 
with better maps, have been condensed 
into one chapter. The last three chap- 
ters cover very briefly those chemical 
physical and bfological properties of 
soils which are (according to the 
author) important for management. 
Throughout the whole text discussion 
on pedogenesis is extremely limited 
and very superficial. 

The standard of the twenty-six line 
illustrations (there are no photographs) 
is extremely low: several are illegible 
and many others are irrelevant, adding 
nothing to the text. 

Despite all these shortcomings, had 
the book been reasonably priced it 
could have been recommended, simply 
because it is the first text to attempt to 
draw together information on arid 
region soils With its outrageous price 
of about £19.00, brief coverage and 
appalling illustrations, however, there 
is no reason to recommefid this book. 
Sadly there still remains a great need 
for a comprehensive text on the soils 
of arid regions. M. J. Alexander 





M J. Alexander is Lecturer in Geo- 
graphy at the Unwersity of Durham, UK. 
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obituary 








Professor Philip Macdonald Sheppard, 
FRS, died on October 17, 1976. He was 
an outstanding s¢ientist, an inspiring 
teacher, a formidable advefsary and a 
very good friend. 

Philip Sheppard was born ın, 1921, 
the son of a schoolmaster. He was 
educated at Marlborough College. He 
joined the Royal Aur Force Volunteer 
Reserve ın 1940,'and was a prisoner- 
of-war from 1942 to 1945. Immediately 
after the war he went up to Worcester 
College, Oxford, to read Zoology, and 
in 1948 was awarded a second class 
Honours Degree. It is said that he 
could easily have gained a ‘first’ had 
it not been for his single-minded 
devotion to genetics, the subject to 
which he dedicated the rest of his lif. 

He studied for the D.Phil. at Oxford 
under Dr (now Professor) E. B. Ford, 
and obtained the degree in 1951. 
From 1951 to 1956 he ‘was Junior 
Research Officer in the Department of 
Zoology, taking a year off in 1954 to 
work with Professor Theodosius 
Dobzhansky at Columbia University. 
In 1956 he was appointed Senicr 
Lecturer in Genetics in the Department 
of Zoology at Liverpool University. He 
was promoted to Reader in 1959. In 
1963 he became the first Professor of 
Genetics at Liverpool, and remained 
in this post until his death. He was 
elected to a Fellowship® of the Royal 
Society in 1965, and: to an Honorary 
Fellowship of the Royal College of 
Physicians in 1975. In 1974 he was 
awarded the Darwin Medal of the 
Royal Society, and in 1975 the Gold 
Medal of the Linnean Society. 

The bare description of a dis- 
tinguished career shows little of the 
great impact that Philip Sheppard 
made on the study of ecological 
genetics. He had an almost uncanny 
ability to see the next step in an 
argument, the next experiment to be 
done. He applied this ability freely 
and generously to the work of others, 
and generated many an idea or experi- 
ment that came to be published under 
another name 

His own work completed the trans- 
formation of ecological genetics from 
a science of observation to a science 
of experimerft. His central interest lay 
in the mechanics of natural selection 
and its effects on the genetic cqnstitu- 
tion of organisms. This interest guided 
his work with Sir Ronald Fisher and 
Professor E. B. Ford on polymorphism 


in the moth Panaxia dominula, in 
which they hnally demonstrated that 
the temporal changes or gene tre- 
quency were the consequences or 
natural selection. It motivated his 
studies with Professor A. J. Cain on 
polymorphism -in the snail Cepaea 
nemoralis, studies which showed that 
spatial variations in this species -were 
also due to selection, and which 
culminated in his beautiful experiments 
on selective predation by thrushes. It 
also guided the work with Sır Cyril 
Clarke on mimicry ın butterflies of the 
genus Papilio, demonstrating the evolu- 
tion of ‘supergenes’, linked polymor- 
phic complexes of genes maintained in 
a stage of linkage disequilibrium by 
strong selective interactions. Their 
interest ın such interactions led 
Sheppard and Clarke to studies of 
human blood groups, bringing them 
finally to a method of -preventing 
Rhesus haemolytic disease. Apart from 
these classic experiments, Sheppard 
also made important studies on the 
evolutiorf of dominance, the genetics 
of industrial melanism in moths, 
heavy metal tolerance in plants, 
insecticide resistance in‘ mosquitoes, 
and schizophrenia, anencephaly and 
spina bifida in man. In 1958 he pub- 
lished Natural Selection and Heredity, 
and the fourth edition was issutd 
shortly before his death It is still the 
best introductory book about ecological 
genetics, and one of the rare breed of 
elementary texts that are quoted in 
the research literature because of the 
original ideas that they contain. 

He was an exceptional teacher. His 
transparent intellectual honesty, his 
passion for truth and rigour, and 
perhaps above all his patent desire that 
his hearers should understand and 
enjoy his subject, made an enduring 
impression on his students. As a 
colleague and friend he was a delight, 
and@ a very good companion. His 
comments on cherished ideas or 
manuscripts were sometimes blunt to 
the point of pain, but they were always 
given with good humour, never tinged 
with malice. His friends said that he 
reversed the normal academic pro- 
cedure, he stabbed you in the front, 
and then did you favours by stealth 
Hating pomposity, he was marvellously 
uncorrupted by success. As a dis- 
tinguished Darwin Medallist he was 
much the same Philip Sheppard as 
the Junior Research Officer at, Oxford. 


Hg bore his three-year illness with 
quite extraordinary courage and cheer- 
fulness. 

His life can be epitomized in the 
words of one who was also a prisoner- 
of-war. “To serve his vision, to pro- 
tect it against all plausible substitutes, 
reasonable approximations and coward 
compromises 1s still, I believe, the 
knightly duty of contemporary man. 
He has only to remain steadfast in 
pursuit of it and his life will achieve 


something which is greater than 
happiness and unhappiness: and that 
is meaning.” B.C.C, 


esigurd Zienau died on October 18, 


1976 at the early age of 55 years. He 
had been a Reader in Physics at Uni- 
versity College London since 1965, 
following a period from 1954 as a 
Lecturer, and as ICI Research Fellow 
at Liverpool. 

Dr Zienau was trained in the old 
school of European physics, being a 
student of Heitler, Pauli and Fröhlich, 
after a distinguished’ period as a mathe- 
matics undergraduate at Birkbeck 
College. 

His name is familiar to solid state 
physicists as a co-author of the theory 
of the polaron through which, in 1950, 
field theory was introduced into solid 
state physics. He will also be remem- 
bered in the worldwide community of 
theoretical physicists for his important 
revisions of two classic texts in theory : 
both Heitler’s Quantum Theory of 
Radiation (3rd ed.) and Mott and 
Massey’s The Theory of Atomic Col- 
lisions (3rd ed.) owe much to his labour 
and insight. He had a phenomenal 
memory for the literature of theoretical 
physics and would recall from obscure 
journals published in the first half of 
the century the seminal work that 
could shed light on modern problems. 
His main research interests lay in scat- 
tering theory and electrodynamics, but 
he hadea scholarly interest in a much 
wider range of subjects. 

Dr Zienau’s published papers do not, 
in quantity, do justice to his gifts. 
However, they are thoughtful contri- 
butions and each one represents the dis- 
tillation of many months hard work, 
as well as hard argument, with his co- 
workers. Therg are three phases of his 
research, represented in these papers. 
In the early 50s he published work on 
dielectrics, especially on the motion of 
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slow electrons in polar materials. Later 


in the 50s and early 60s he published | 


a series of six papers on electro- 
dynamics including contributions to 
damping processes,eline shapes, inter- 
molecular forces (including retardation 
and three body intergctions) and gauge 
problems. The final set of papers con- 
cern various specialised aspects of field 
theory. ° 

He trained about ten research stu- 
dents who now teach throughout the 
world and these will always have that 
special magic that comes from having 
worked with and learned from Sigurd. 

In recent years he interested himself 
in the history and philosophy of science 
and was active in the British Society 
for Social Responsibility in Science. 

He will be sadly missed by his 
friends, colleagues and students at 
University College. He leaves a young 
daughter and son by his second mar- 
riage, and one son by his first. 

E. A. Power 
F. F. Heymann 


Peive rose to the Presidency of the 
Latvian Academy of Sciences and, 
after 13 years as a Corresponding 


« Member, was elected an Academician 


of the Academy of Sciences of the 
‘USSR in 1966, 1n which he held the 
post of Genera! Secretary. He was 
Prime Minister of Latvia from 1959 
until 1962 and was one ‘of the three 
Latvian representatives in the Soviet 
of Nationalities, one of the two 
Chambers of the Supreme Soviet of the 
USSR, and Chairman between 1958 
and 1966. 

He seldom attended scientific gather- 
ings outside Russia, although only ill- 
health prevented his participation in 
the meeting of Commissions H and IV 
of the International Society of Soil 
Science in Aberdeen in 1966. In private 
discussion he talked about his work 
with much less formality than is the 
case’ with many Soviet scientists and 
often introduced a light-hearted note. 
His major ce@ntribution to Soviet agri- 
culture was in the 1mmediate post-war 
years when he pointed out the exigtence 


® of trace element problems in many 


J. V. Peive, the Soviet soil scientist, died 
after a long illness on September 13, 
1976, aged 70. As well as being one of 
the leading Sovieé agricultural seientists 
of the post-war era, Dr Peive had been 
politically active and, according to 
Tass, his official obituary was signed 
by Mr Brezhnev and other prominent 
Soviet politicians and scientists. Of 
Latvian extraction, he was born in 
1906 in the adjoining’ Toropets district 
of Russia and, after training as a 
teacher, graduated in 1929 from the 
Timiryazev Agricultural Academy in 
Moscow. 

For 13 years from 1931 he worked in 
the All-Union Flax Research Institute 
in Torzhok, some 200 km north-east of 
Moscow, rising to the position of 
Director. After the war he became 
Rector of the Latvia Agricultural 
Academy in Riga, carrying out his own 
specialist investigations in the Labora- 
tory of Biochemistry of Soils and 
Trace Elements in the Institute of 
Biology. He published a text-book on 
the biochemistry of soils in 1961 but 
will be best remembered for his work 
on the effects of trace elements in soils 
on plants and animals. Several volumes 
of the Transactions of his laboratory, 
dealing with different aspects of trace 
element problems, have been published 
by the Latvian Academy of Sciences, 
and he chaired the Co-ordinating Com- 
mission on Trace Elements in Souls, 
Plants, Animals and Human Nutrition 
in the USSR. Dr Peive’s wider interests 
in soils were recognised by his appoint- 
ment as Editor-in-chief of Pochvo- 
vodenie, the Soviet journal® of soil 
science, a post that he had occupied 
for the past 14 years, 


Russian soils, particularly deficiencies 


of boron, zinc, manganese, cobalt, 
copper and molybdenum. 
R. L. Mitchell 


Professor Leo Pincherle died suddenly 
on October 25, 1976 I cameeto know 
hım well during the last Years of his 
life He regularly attended thé Bedford/ 
Westfield College solid state physics 
seminars. Characteristically, he spoke 
little at these meetings, but his rare 
contributions were profound and to the 
peint. He was modest to a fault and 


‘ abhorred the limelight; yet his col- 


leagues, friends and students know of 
the innumerable unobtrusive ways in 
which he served the cause of scholar- 
ship in teaching and research. 

Leo Pincherle was born in Bologna 
in 1910. He came from a line of 
distinguished academics—the mathema- 
tician Salvatore Pincherle was a grand- 
father—but Leo was the first of the 
family to take up physics as a career. 
His first publication (1931) reported a 
calculation of the wavelength of the 
oscillations in Hull’s magnetron; and 
the interest in the theoretical principles 
underlying practical devices marked his 
work to the end. He was with Fermi in 
Rome, later moved to Padua and came 
to England shortly before the Second 
World War as a refugee from Musso- 
lini’s Italy During the difficult years 
which followed he was befriended by 
the late H T Flint who brought him 
as a lecturer to King’s College, London. 
Leo’s early research, on a variety of 
topics in spectroscopy, atomic physics 
and electromagnetic theory, demon- 
strates the width of his scientific in- 
terests. But his great productive period 
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came at the n AEE vone Re- 
search Establishment (TRE), Malvern, 
where he was Principal Scientific Officer 
from 1948 until 1955. Here he estab- 
lished himself as a leading authority on 
energy band theory. The 1953 paper on 
the band structure of lead sulphide 
(Bell et ai.), in which the cellular 
method was first applied to a diatomic 
semiconductor, 1s an early classic in 
the field, and fundamental theoretical 
work on applications of group theory 
appeared in the form of TRE Memo- 
randa Pincherle returned to university 
hfe in 1955 when he rejoined Flint, 
by then head of the physics department 
at Bedford College, London, as a 
University Reader; overdue promotion 
to Professor of Mathematical Physics 
came in 1969, A fruitful collaboration 
with P. M. Lee led to further band 
structure papers in the early 1960s. 
In the last ten years of his life Leo 
Pincherle published few research 
papers. But he continued to be active 
and fertile in the many other ways a 
scholar exerts his influence: as super- 
visor of research students, as a sought- 
after contributor to summer schools in 
linly, as UK editor of the international 
journal Solid State Electronics, and 
not least as author of the definitive 
textbook Electronic Energy Bands in 
Solids (1971) which itself contains much 
original work. Above all Leo Pincherle 
loved teaching and the contact with his 
students, a love which was fully re- 
turned, and the prospect of retirement 
from this activity filled him with dis- 
may. Leo’s lectures and publications 
all bear the stamp of his charaéteristic 
approach to physics careful prepara- 
tion, great clarity and economy of style, 
the use of the simplest mathematical 
techniques appropriate to the physics 
of the problem in hand. He tackled 
difficult® problems but was never a 
narrow specialist. 

The picture of Leo Pincherle the 
scientist cannot be separated from that 
of Leo Pincherle the man. He was 
devoted to his family, for whom his 
too-early death is a tragic loss. His 
sense of humour, dry and delicious, 
showed in his fund of stories about 
well-known contemporaries — always 
amusing and never malicious. His 
quiet demeanour concealed plenty of 
fire and imagination, as you soon dis- 
covered when you partnered him at 
bridge. He was the most knowledge- 
able of men on fundamental aspects of 
European culture and history and wore 
his learning lightly; his love of music 
and the arts was intense, his taste dis- 
criminating. He was, in the best sense, 
both very Italian and very English, 
combining in his person that inter- 
natiomalism in science and that Euro- 
pean spirit which it is so necessary to 
keep alive today. His friends miss him 
deeply. Ernst Sondheimer 
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Awards ; 


The Lomonosov medals—the highest 
award of the Soviet Aeademy of 
Sciences-—for 1976 have been awarded 
to Academician $. I. Vol’fkovich of the 
Soviet Academy of Sciences for hus 
work’ on the chemistry of phosphorous, 
and to Dr Hermann Klare, President of 
the Academy of Sciences of the Ger- 
man Democratic Republic, for his work 
on artificial fibres. 


The Royal Astronomical Society Gold 
Medal has been awarded to Mr John 
Bolton, a Chief Research Scientist with 
the CSIRO Division of Radiophysics at 
Parkes, NSW, for outstanding contribu- 
tions to both radio and optical 
astronomy, particularly for his studies 
of radio sources in space. 


The Clough Medal for 1976-77 has 
been awarded to Professor T. S. 
Westoll, FRS, Department of Geology, 
University of Newcastle upon Tyne for 
contributions to geology, in particular 
studies of fossil vertebrates and their 
application to the stratigraphy of the 
Old Red Sandstone of Northern Scot- 
land. The Clough Award for 1976-77 
has been conferred on Dr E. N. K. 
Clarkson of the Grant Institute of Geo- 
logy, University of Edinburgh, for his 
work in palaeontologye and palaeoce- 
cology, in particular on the eyes of 
trilobites and including trilobites from 
the Lower Palaeozoic recks of Scotland 


The Faraday Medal has been awarded 
to the Executive Director-General of 
the CERN Laboratories in Geneva, 
J. B. Adams, for his contribution to the 
design and construction of high-energy 
particle accelerators. 


Meetings 


14 March, Ion Implanted Semiconduc- 
tor Devices, London (Institution of 
Electrical Engineers, Savoy Place, 
London WC2). 

15 March, Vehicle Navigation and 
Identifications London (Institution of 
Electrical Engineers, Savoy Place, 
London WC2). 

26-28 March, Changing Sea Bird’ Popu- 
lations Of the North Atlantie, Aber- 
deen (G Sarle, Royal Society for the 
Protection of Birds, Sandy, Beds.). 


29 March-1 April, Submillimetre 
Waves and their Applications, Surrey 
(Institute of Physics, 47 Belgrave 
Square, London SWI). 

5-7 April, Energy in the 80s, Middles- 
brough (Institution of Chemical Engin- 
eers, 165-171 Railway Terrace, Rugby). 
18-20 April, Advances In Extractive 
Metallurgy, London (Institution of 
Mining and Metallurgy, 44 Portland 
Place, London W1). 

19-20 April, Strain Rate Method of 
Stress Corrosion Testing, Newcastle 
upon Tyne (Society of Chemical Igdus- 
try, 14 Belgrave Square, London SW1). 


Person to Person 


The Einstein Archive is at work 
on a Collected Edition of the 
Papers of Albert Einstein. Would 
anyone in possession of, or know- 
ing the whereabouts of, original 
manuscripts, letters to or from 
Professor Einstein, or documents 
or letters mentioning him, of which 
they are not sure that the Archive 
already has copies, please contact 
The Einstein Archive, Institute for 
Advanced Study, Princeton, N.J. 
08540. 


Exchange large furnished house 
Berkeley for one in London, July 
1977 to August 1978. Pleasant 
neighbourhood, near schools and 
public transport and within walking 
distance of the University of Cali- 
fornia (1 mile). Transportation to 
San Francisco very convenient. 
Exchange of car (Saab) also con- 
sidered Please contact: Dr Richard 
Malkin, 1967 El Dorado, Berkeley, 
Cahfornia 94707, U.S.A. 


There will be no charge or this service. Send 
items (not more than 60 words) to Marcus 
Dobbs at the London office. The section will 
include exchanges of accommodation, personal 
announcements and acientific queries. We 
reserve the right to decline material submitted, 
No commercial transactions. ° 


9-11 May, MHepatotrophic Factors, 
London (Ciba, 41 Portland Place, 
London W1). 

17 May, The Changing Face of Cancer, 
London (Marie Curie Memorial Foun- 
dation, 124 Sloane Street, London SW1). 
22-25 May, Autoradiography in Phar- 
macology and Toxicology, Uppsala (S. 
Ullberg, University of Uppsala Bio- 
medical Center, Box 573, 8-75] 23, 
Uppsala, Sweden). 

31 May-2 June, Lasers in Chemistry, 
London (M. West, The Royal Institu- 
tion, 21 Albemagle Street, London W1). 

+ 


1-2 June, 30th Chemists’? Conference, 
Scarborough (K. Speight, BSC, Shef- 
field Laboratories, Hoyle Street, 
Sheffield). 

15-26 August, Scientific and Mathema- 
tical Foundations of Engineering 
Acoustics, Cambridge, Mass. (MIT, 
Room 3-366, Cambridge, Mass. 02139). 
31 August-2 September, CellCell 
Recognition, Oxford (A. S. G. Curtis, 
Cell Biology, University of Glasgow, 
UK). 

4-8 September, Low Energy Jon Bedins, 
Salford (Institute of Physics, 47 Bel- 
grave Square, London SW1). 

10 September, The Microscopic Struc- 
ture and Dynamics of Liquids, Corsica 
(J Dupuy, Physics, University of 
Lyons, 69621 Villeurbanne, France). 


*13-16 September, Scintillation Count- 


ing, Bath (The Secretary, Analytical 
Divisjon, Chemical Society, Burlington 
House, London W1). 

26-28 September, On-line Surveillance 
and M6nitoring of Process Plant, Lon- 
don (E. Wakely, Society of Chemical 
Industry, 14 Belgrave Square, London 
SW1). 

2-4 October, Sth Biennial Symposium 
on Turbulence, Rolla, Missouri (J. L. 
Zakin, Chemical Engineering, Univer- 
&ity of Missouri, Rolla, Missouri 65401). 
10 October, The Display of Nondes- 
tructive Testing Data, London (Institute 
of Physics, 47 Belgrave Square, London 
SW1). 

19-2] October, Current Topics in Drug 
Research, Uppsala (R. Dahlbom, Bio- 
medical Center, University of Uppsala, 
Box 574, S-751 23, Uppsala, Sweden). 

9-11 November, Atherosclerosis, Milan 
(Fondazione G. Lorenzini, Via Monte- 
napoleone 23, Milano, Italy). 

28 November--2 December, Protons and 
Ions Involved in Fast Dynamic Phe- 
nomena, Paris (C Troyanowsky, 10 rue 
Vauquelin, 75231 Paris Cedex 05, 
France). 

23-28 February 1978, Sth International 
Wheat Genetics Symposium, New Delhi 
(M. V. Rao, Cummings Laboratory, 
IndianeAgricultural Research Institute, 
New Delhi-110012, India). 

10-14 April, 9th Internatianal Sym- 
posium on Carbohydrate Chemistry, 
London (J. F. Gibson, The Chemical 
Society, Burlington House, London 
W1) 

12—14 April, 4th European Immuno- 
logy Meeting, Budapest (The Secre- 
tariat, c{o MOTESZ, H-1361 Budapest, 
Hungary). 

f7~20 April, 10th National Atomic and 
Molecular Physics Conference, London 
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(institute of Physics, *47 Belgrave 
Square, London SW1). r 
20-25 August, 3rd European Confer- 


ence on Analytical Chemistry, Dubfin . 


(Euroanalysis III, Institute for Indus- 
trial Research and Standards, Ballymun 
Road, Dublin 9, Ireland). 

4-7 July, 7th International Cryogenic 
Engineering Conference and Exhibi- 
tion, London (Institute of Physics, e47 
Belgrave Square, London SWI). 

20-25 August, Plant Cell and Tissue 
Culture, Calgary (APTC Congress, 
University of Calgary, Calgary, 
Alberta, Canada). 

21-25 August, 4th International Con- 
gress of Cybernetics and Systems, 
Amsterdam (J. Rose, c/o College of 
Technology, Blackburn, UK). 

4-8 September, 4th International Sym- 
posium on Physical Organic Chemistry, 
York (J. F. Gibson, The Chemical 
Society, Burlington House, London 
W1). 

11-15 September, Thin Film Proper- 
ties in Relation to Structure, Lough- 
borough (Institute of Physics, 47 
Belgrave Square, London SW1). e 


Reports and Publications 


Other countries— January 


Office de la Rechefehe Scientifique et° Technique 
Outre-Mer, Paris. Mémoires O OM. No. 75: 
Organisation Evolutive d'Un Groupe Agamique—La 
Section des Maximac du Genre Panicum (Graminées). 
Par Jean Pernes. 40 francs. Pp. 106. No 77° Poly- 
morphisme et Modes de Reproduction dans la Section 
des Maximae du Genre um (Graminées) en 
Afrique, Par Danel Combes. Pp. 99. francs. (Paris 
et Bondy Office de la Recherche Scientifique et Tech- 
nique Outre-Mer, 1975 ) 101 

nited States Department of the Intenor’ 
pe oc Survey Bulletin 1419 Annotated Bibliography 
of the Geology of Selenium, 1958-74 By Carol A 
Gent. Pp. ni+49 pN aahington, pc US vernment 
Printing Office 1976.) [11i 

Alberta Research Council. Report 75-4 Deep 
Cretaceous Coal Resources of the Alberta Plains. 
By J. R. Yurko Pp. 47. (Edmonton, Alberta Resoarch 
Council, 1976 [111 


Australia, mmonwealth Sclentific and Industrial 
Research Organisation, Divwon of Sols Technical 
Paper No. 30 Some Propertres of Red, Yellow and 


Grey Massive Earths in North Queensland, By R. F. 
ieee G. McL. Smith. Pp 52 (Melbourne nary 
. [ 
United States Department of Agriculture. Index- 
Catalogue of Medical and Veternary Zoology. Sup- 


lement 20, Part 7: Parasite-Subyect Cata aue 
osts By D A, Toon, M Hood, J. H Shaw, 
J. D. Rayburn and S, J. ards Pp. xv-+390 ash- 
ington, DC: US Government Printing Office, 1976 ) [121 
Annals of the South African Museum, Vol, 72, Part 
1 A New SS seh of Bradyrdius (Copepoda, Calanor:da) 
from the Mgazana Estuary, Pondoland, South Africa, 
and a Review of the Closely Related Genus Prei- 
dotharybis. By Janet N. Bradford. Pp. 1-10 (Cape 
Town South African Museum, 1976) R.1.70, (RI 
New Zealand’ The National Hydatids Council 
16th Annual Report year ended 31 March 1976. Pp. 24. 
(Wellington The National Hydatid; Councl, Ministry 
of Agneculture and Fisheries, 1976.) 121 
Smithsonian Contnbutions to Zoology, N 42 
Studies in Larval Amphibian Habrtat Partitioning. 
By W Ronald Heyer, Pp i427. ashington, 
Smithsonian Institution Press, 1976, For sale by US 


Government anuna ete ) ə [121 
Annual Survey ven Ethical Pharmaceutical 
Industry Operations, 1975/1976. Pp 35 (W On, 


DC. Public Relations Dept utical Manu- 
facturers ation, 1155—15thSt, N W , 1976.) [131 
Office de Ia Recherche Scientifique et Technique 
Outre-Mer, Pars et Bondy Collection Travaux et 
Documents ORSTOM, No. 33. Communautés Rurales 
et Paysannenes Tropicales. Pp. 209 (Pans: ORSTON 
1976.) 65 francs mai 
Deutscher Wetterdienst Deutsches Meteorolo- 
hes Jahrbuch, Bundesrepublik, 1974, Pp xxxvi +240. 
Offenbach r Deutscher Wetterdienst, 1976, [131 
Sveriges logiska Undersokning Avhandlingar 
och Uppsatser. Some C. Nr. J20  Artik-Geological 
Documentation of a D inated copper Deposrt— 
a Preliminary Investigation. By Hans eifel, Pp. 79 
Nr 72! Hydrogeologiska Forhallanden Inom Nar- 
keslattens Sedrmentara Berggrund, med Fyra Plansdher 
Av Ako Moller, Per Engqvist och Cart-Frede 
lern. Pp. 64. Nr. 722: Petrology of the Jarnvagsforsen 


Tunnel, Western Medelpad, tral Sweden. By Lars 
Persson. Pp. 16 eae voriges Geologiska Un- 
e de Ri 141 
World Health Organisation International Non- 
proprietary Names (INN) for Pharmace Sub- 
stances, Commulative List No 4 Pp. xv-+-314. Geneva 
WHO; London: HMSO, 1976.) Sw. fr 48; $19.20 [171 
World Directory of Schools for Medical Assis- 
tants/Répertorre Mondial des Ecoles d’Assistants 
Médicaux, 1973. Pp 111. ae WHO; London: 
HMSO, 1976} Sw fr. 24, $9.60, {171 
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More Interdisciplinary Theses 


IN the past couple of years, academics in Britain have 
been urged by the Science Research Council to look at 
the style of postgraduate education provided by the 
Massachusetts Institute of Technology (MIT) and to 
think seriously about transplanting some of its best 
features to British universities. Particular attention has 
been drawn to the extensive course work done in the 
first year or two at the postgraduate level, the subsequent 
examination, success in which has been necessary before 
a thesis could be ventured into seriously, and éhe (by 
British standards) free-flowing interdisciplinary character 
of much of the work that a student would do. But how 
does MIT see its own intellectual future—is there to be 
more innovation in postgraduate education or is the 
present mixture regarded as about right? 

MIT administrators esee a variety of trends as both 
restricting and demanding future change. There is a 
general feeling that the shape of postgraduate education 
in terms of requirements is satisfactory and should not 
be tampered with. But the content is another matter; 
defence and space were the two big customers for MIT 
PhDs and for research projects at the institute in the 
1960s. and this wave has now broken. Present day and 
near-future demands on science and engineering research 
are much more closely related to what one. person des- 
cribed as ‘ways of engaging reality’, 


transportation. These are interdisciplinary problems par 
excellence and there seems general agreement that the 
interdisciplinary revolution at MIT has not yet run its 
course. There is a pretty clear lesson here for some of 
the narrow self-regarding departments in British 
universities. 

© New commitments to multidisciplinary research and 
education are bound, however, to come up against the 
severest of financial and administrative obstacles. A 
report last summer by an MIT, committee charged with 
-looking at the institute’s— research structure painted a 
generally gloomy picture of féderal support levels which 
have stagnated for several years, and of the research en- 
vironment, which many believed had declined in recertt 


such as increasing 
industrial productivity, solving energy problems and 
looking at questions in biomedical engineering and in 


years largely as awesult of increasing pressure on faculty 
to raise research funds and a concomitant drop in 
flexibly-available resources. The committee endorsed 
the singular mix which MIT had evolved of departments, 
inter-departmental research programmes and specific 
laboratories and saw, in “particular, re@earch centres on 
campus as a way to proceed for the next decade; such 
concepts would be bound to influence the content of the 
education provided. 

But if there are still new academic horizons, however 
shaky the funding prospects, there is one factor which is 
causing a lot of werry: changing levels of student enrol- 
ment in the next twenty years. Projections for the next 
ten years by the National Center for Education Statistics 
of the US Office of Education see a steady growth in 
bachelors degrees awarded in science and engineering 
up to 1985, with all the growth taken up in engineering, 
the life and the social sciences. But thereafter demo- 
graphic trends take over. The number in the postgraduate 
age group (22-25) in 1995 will have dropped by 20% 
compared with 1985. This means not only that some 
inferior colleges will probably have “insufficient students 
to justify their continuation, but also that even the. big 
names in education will find themselves competing 


5 E by. 1990 to attract students to justify staffing 






meérican” Niversity is likely to find the world much 
changed from its present scene. Allan Cartter, in his 
book PhDs and the Academic Labor Market, projects 
US. academic needs for juhior faculty for the next twenty 
years. Whereas before 1970 academe could gobble up 
every PhD produced, by 1985 on the most optimistic 
projections (assuming faculty take early retirements and 
so on) there will only be an academic job for one PhD 
in every six produced in the United States. The moral 
is farily obvious; discourage right now those who believe 


three or four years research is an admission ticket to a 


cosy faculty post somewhere: and go òn broadening the 


-scope of the PhD so¢hat it becomes a very widely accept- 


able qualification. Hence the continuing talk of inter- 
disciplinary postgraduate. education. tal 
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Assessing the’ Oklo phenomenon 





. 
Professor Alvin Weinberg, Director of Oak Ridge National Laboratory, 
Tennessee, commengs on the lessons to be learned from the discovery of a 


natural reactor 


THe Oklo River is a small stream that 
runs near the town of Mounana, 
Gabon; here there is a large, open-pit, 
uraninite mine which I visited a few 
months ago. Oklo has become famous 
ever sincg French scientists of the 
Commissariat a L’Energie Atomique 
discovered in 1972 that the mine was 
the site of ancient spontaneous chain 
reactors some 1.8X10° years ago. At 
tha? time the uranium-235 concentra- 
tion was about 3%, instead of its 
present 0.72%. This is the same con- 
centration now used in the fuel of 
modern pressurised water reactors. In- 
deed, the reactors at Oklo operated for 
about 15,000 MW years—that is, the 


equivalent of 5 years of a modern® 


1000 MW reactor—and reached a 
burn-up of about 25,000 MW days per 
ton of uranium, again about the same 
as is reached in a modern Pwr. 

The Oklo pheaomenon is sufely one 
of the most exciting scientific dis- 
coveries of the decade. I hope that it 
quickly becomes part of the common 
understanding not only of scientists, 
but also of laymen—just as Pithecan- 
thropus Erectus or King Tutankhamen 
have become parts ôf the common, as 
well as the scientific, understanding. I 
am not unbiased in this desire. Despite 
all the fuss about nuclear energy, I am 
still an unabashed nuke. For me, the 
long-term alternatives to nuclear 
energy: solar energy (and its children 
—wind, waves, ocean thermal gra- 
dients, biomass), geothermal energy, 
and fusion are either too expensive 
(solar) or too small {geofhermal) or too 
uncertain (fusion). 

The path of conservation is all well 
and good for a developed country that 
has energy to conserve; it has little re- 
levance for a country such as Gabon, 
or for that matter, most of the world 
that is bent on development. Nor can 
I take the talk about ‘small is beautiful’ 
or a ‘fission-free bridge to a solar 
future’ fully seriously. Has „anyone 
demonstrated on a scale large enough 
to make, the experiment convincing, 
that small is really beautiful rather 
than simply poor? Or can anyone 
speak so confidently about future heavy 
dependence on fossil fuel with the CO» 
in the atmosphere increasing at a rate 
of about 0.15% per year, prob- 
ably because we are bifrning so much 
fossil fuel? No, it seems to’ me that 
nuclear energy will be 


of the nuclear community at.present 


necessary x 
especially in the long run. The main job = 


then is to make nuclear energy 
acceptable—to construct a nuclear 
future that adequately deals with the 
shortcomings of nuclear energy—some 
real, some only imagined. 

We are all familiar with the issues by 
now: proliferation, reactor safety, ter- 
rorism and sabotage, diversion, waste 
disposal. Of these issues, there is little 
question that in the public’s mind, and 
indeed, in the minds of most scientists 
outside the nuclear community, waste 
disposal is the most serious concern. As 
long ago as 1952, James Conant, the 
president Ofe the American Chemical 
Society, asserted that the public would 
reject nuclear energy as not „being 
worth the candle because the safe, per- 
manent disposal of radioactive waste 
posed an insoluble problem. The recent 
Flowers report, on nuclear power and 
the environment, regards the problem 
of waste disposal as being in an un- 
Satisfactory state. The new California 
law requires that a technology for per- 
manent waste disposal must be demon- 
strated before reactors càn be built 
there. í a 

Until Oklo was discovered, per- 
manent waste disposal in geologic for- 
mation seemed to be a problem that 
could not be solved in principle: since 
tle wastes remain hazardous for thou- 
sands of years, one generation simply 
could not perform a definitive experi- 
ment. But Oklo has done much to 
change this. During the course of the 
chain reaction some five tons of fission 
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products and perhaps one-half this 
amount of plutonium and other tran- 
Suranics were formed. Of the fission 
products, the gases, the alkalis and 
alkaline earths, and ruthenium dis- 
appeared. On the other hand, the rare 
earths and the plutonium, uranium, 
and presumably the Other actinides, re- 
mained in*place, within the limits of 
measurement (at least 80 per cent of 
the plutonium is accounted for). The 
strontium-90 probably decayed in place 
to zirconium-90; whatever leaching of 
alkaline earth fission products occurred 
took place over a time long compared 
to the 30-year half-life of the stron- 
tium-90. 

Thus nature has performed the 
experiment, and the findings, on the 
whole, are reassuring. To be sure 
cesium-137, a soluble species, migrated 
from the site; on the other hand 
strontium-90 probably did not; and 
most important, the actinides, which 
pose the really long-term hazard 
(thousands rather than hundreds of 
years) remained in place. 

Sceptics will still remain uncon- 
vinced; they wil argue that Oklo 
represented a special geologic situation, 
that we cannot be absolutely sure—and 
that anyhow, there really is something 
new and spooky about this whole 
radiation thing. This is the essence of 
the matter. I shall never forget Enrico 
Fermi, during one of the monthly in- 
formation meetings we held in 4943 at 
the wartime Metallurgical Laboratory, 
reminding us that the unique sig- 
nificance of the chain reaction lay in 
its bringing mankind in contact with 
unprecedented amounts of radio- 
activitye Never mind that radiation has 
become one of fhe best, if not the best, 
understood physical insults to the 
biosphere. It mevertheles represents 
something most people are unfamiliar 
with and are therefore afraid of. 

Unless our society accepts the reality 
of radiation, and the propositjon that 
radioactivity can be safely sequestered, 
nuclear energy will founder. And this 
is why it is so important that Oklo 
become a household word. Fermi was 
not the first to achieve the chain re- 
action, nor was he the first to put 
large, concentrated amounts of radio- 
activity on earth. Nature had achieved 
this 1.810° years earlier. Although 
the Oklo event affected life in the 
immediate vicinity, our planet survived 
and the biosphere evolved. Perhaps 100 
years from now, when wé have become 
fully accustomed to man-made chain 
reacters, we will look back and wonder 
why so, much fuss was made about the 
problem of radioactive waste disposal 
which nature had already demonstrated 
to be tractable. 
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Grow your own grass "= °° S 
David Spurgeon examines a programme V k Sf 
for improving agriculture in Antigua , LIF 


COMMON problem of Third 

World countries is an unfavourable 
balance of payments caused by a short- 
age of indigenous industry and a con- 
sequent reliance? on imports from 
developed countries. This is particularly 
true of many of the small Caribbean 
islands, whose industries (when there 
are any) are often foreign-owned and 
more concerned with exports to an 
affluent overseas market than with selr- 
sufficiency of domestic supplies. 

The tiny, 108-square-mile island of 
Antigua is a case in point. Since a 
sugar cane company left the island 
some years ago, there has been little 
more than tourism and rum-making in 
the way of industry there—both the 
molasses for the rum and most of the 
beef for the tourists being imported. 
Where sugar cane once flourished, 
acacia bushes now grow like weeds. 
Yet much of this land, rocky and hilly 
though it often is, could be used for 
grazing cattle, and if only the grass and 
legumes were more abundant and of 
better nutritional quality, the island 
might become self-sufficient in beef and 
dairy production—and even export to 
other Leeward Islands. 

This in fact is the aim of a research 
programme now being conducted in 
Antigua, Trinidad and Belize by the 
University of the West Indies (UWL) 
with the aid of a grant from Canada’s 
International Development Research 
Centre. The programmeebegan in 1972 
and is now in its second phase. It 
has an Australian consultant, Dr 
Robert Burt of the e Commdnwealth 
Scientific and Industrial Research 
Organisation (CSIRO), and the experi- 
ment is being watched with interest 
not only by the agricultural ministries 
of the three countries concerned but 
those of the neighbouring territories of 
Guyana, Barbados, Jamaica, Guade- 
loupe, Martinique and Cuba as well. 

Two meetings have been held of 
representatives of agricultural ministries 
of the region—including representatives 
from other islands—to look at results 
where tests are being carried out with 
material from the project. The most 
recent was held in Antigua from 29 
November—| December. The Antigua 
component of the project is directed by 
a New Zealander, John Keoghan, who 
has taught «at McGill’s Macdonald 
College and done research at the Uni- 
versity of Guelph. He is assisted by 
Belal Ahmed, a microbiologist” from 
Bangladesh, employed by the *depart- 
ment of soil science at the UWI in St 
Augustine, Trinidad, Clive Devers 


Neill McKee 


from Guyana, a graduate assistant, and 
Perry Philli, a technical assistant. 
Interviewed in Antigua recently, 
Keoghan spoke of the implications of 
the project and the relevance of the 
Australian experience. All of the 
grasses growing in the Caribbean and 
thought of as ‘native’ to the area, 
actually come from Africa, he said, 
while the legumes come from the area 
itself. The soil in both regions of the 
world is heavy clay, and if work done in 
the Caribbean were applied to Africa it 
could revolutjonise agriculture there. 
“This is not far-fetched,” he said. 
“This is what the Australians did. They 


went to South and Central America 
and found plants fer Northern 
Australia, which jis tropical. The 


legues that dominate livestock agri- 
culture in Northern Australia were 
originally growing as weeds in South 
and Central America.” 

There is a difference, of course. The 
Australians selected plants from acid 
soils for acid soil areas of their own. 
Keoghan and his colleagues collect 
plants from alkaline soils to match 
those ofethe dry areas where livestock 
graze both*in the Caribbean and in 
Africa. Sô far, *they have collected a 
total of about 1,000 grasses and legumes 
for planting in experimental plots, in- 
cluding 70 different varieties of grasses. 
They are carrying out a complete 
classification and description of the 
plants, and then are making an agro- 
nomic assessment under different grow- 
ing conditions, for example with 
different types of soils, and in mixtures 
of grasses and legumes. 


Two plots 

Two experimental plots are being 
used, one of them near the old sugar 
mill, where the small amount of 


laboratory equipment required is also 
located, along with nursery facilities. 
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As basic as all this might seem to be, it 
has never been done before, according 
to *Keoghan. Although there were 
earlier sporadic attempts at collection, 
classification and description, adequate 
records were ngt kept of them and 
plant collections disappeared. 

Pasture legumes are important not 
oaly for their high protein content, but 
for their ability to fix nitrogen and 
thus act as a fertiliser for the grasses. 
This latter capability is all the more 
important to developing countries at a 
time of high fertiliser prices. Samples 
of legumes have been collected from 
all over the island as well as from 
other countries in the region. 

Samples are selected from a six- 
Ssquare-metre area of each plot, the 
leaves are clipped and the yiekl is 
bagged, dried in ovens at the sugar 
factory and the weight measured. 
Nitrogen and protein content are deter- 
mined, and records are kept of these 
measurements. Seeds are collected and 
examined, and then sent to CSIRO in 
Australia, which is the main centre of 
tropical legume research. 

After two years of trials in these 
plots, the research group in Antigua 1s 
now beginning to mix the best grasses 
and legumes in field trials on heavy 
soils, and then will test them under 
actual grazing conditions. The types of 
soil used for such trials is representa- 
tive of those found in much of the 
grazing area in Antigua. This is being 
done with 15 different grasses and 12 
‘legumes, both sfngly and in mixed 
stands to determine the effects of the 
legumes and grasses on each other. The 
animal grazing tests will show whether, 
for example, the animals actually will 
eat the plants, and how well the plants 
grow again after grazing. 

Basically, the idea is to narrow down 
the choice of grasses and legumes to 
determine the best varieties available 
for local conditions, and the most pro- 
ductive combinations when grown to- 
gether, and to work out the most suit- 
able management practices. It is the 
first time such a project has been under- 
taken in the Caribbean. 





Pasture legumes in moveable nurgery made from railway cars 
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Scottish science ‘and dev 


lution 


Martin Goldman looks at possible effects 


of devolution on science in Scotland 


ACED with the present media over- 

kill of the devolution debate, more 
and more Scots are displaying a tradi- 
tionally ‘British’ response to the issue 
—-apathy. At the risk of increasing the 
tendency. Scottish science deserves 
special attention, for the problem of 
reconciling the international horizons 
of sciencé with the nationalist view- 
point is of wider relevance, even though 
it is still largely theoretical. The Scot- 
tish National Party, the spearhead of 
theeindependence movement, has not 
yet needed to produce a concrete 
science policy. They have not decided 
whether nuclear power is an invention 
‘over the deil’, much less what role it 
would play in an overall energy 
strategy, and have not even considered 


whether or how to continue as mem-e 


bers of CERN. 

More positive has been the concern 
of academics. A strong feeling against 
the devolution of Scottish universities 
was displayed in eesponse to a question- 
naire sent out by the Scottish Associa- 
tion of University Teachers. About 
60% of the replies disapproved of 
devolution; 20°", approved, 20% were 
neutral. 

A paper on the whole subject pre- 
sented to the government by Professor 
John Gunn, a theoretical physicist, and 
Andrew Thomson, an economist, 
gives the consensus view. They feel that 
universities ought to be international in 
outlook, and therefore anything hinder- 
ing communications between British 
universities, especially the easy ex- 
change of staff and students, is a bad 
thing. The decline of the international 
reputation of Trinity College, Dublin, 
since frish independence is an example. 

Their other major argument is 
that there exist economies of scale. 
Each university department has par- 
ticular areas where it focuses its atten- 
tion: Scottish universities do not cover 
a complete academic spectrum and are 
overproductive in certain areas (for 
example, Scotland, with 10% of the 
JK population, produces [50*® vets a 
year out of a UK total of 350). Be- 
cause of the expense of equipment, 
particularly in the sciences, and the 
existence of critical thresholds on the 
size of department, below which useful 
research is not done, such specialis- 
ation makes good sense. | 

In addition to theses general argu- 
ments, they add that the prestnt fund- 
ing system, through the Universities 
Grants Committee (UGC) and various 
research councils, works well in that it 
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allows a large degree of autonomy to 
the universities. If a Scottish UGC 
were created, it would be a cosier affair 
than the British one, and ‘inevitable 
incestuous relationships’ would ensue. 
Equally dreaded would be the alter- 
native of integration with the Scottish 
Educational Department (SED) respon- 
sible for the present Scottish educa- 
tional system. Universities are, of 
necessity, elitist organisations and are 
afraid they would be swamped 1f in- 
cluded with other forms of education. 
In addition the track record of*the SED 
is appalling. In spite of (or because of?) 
a new newmaths syllabus, there has 
been a catastrophic disintegration of 
mathematical education in Scotland. 
All Scottish university science depart- 
ments complain bitterly of the mathe- 
matical illiteracy of incoming students 
—-the educational elite, no less—-who 
cannot cross-multiply fractions, know 
no trigonometry, and require remedial 
courses to teach them basic skills. 

® 

Dissenting view 

These views contrast strongly with 
those of both the SNP and®the Scottish 
Union of Students. At the Same time 
as Gunn and Thomson argued their 
case, Professor R. S. Silver, an inter- 
nationally renowned expert on de- 
salinatioa and a life-long nationalist, 
pPesented a dissenting view. On the 
‘internationalist’ argument, he con- 
tends that other small countries 
such as Holland and Israel have solved 
the problem. An independent Scotland 
would be forced to look out more to 
the world. He repudiates the inevita- 
bility of incestuous relationships, argu- 
ing that if this were so, then conversely 
Russia and China would have the 
fairest support system in the world. 
Professor Silver also points out that 
estrangement will inevitably arise under 
the present proposals between the in- 
stitutes of technology (contrclled from 
Edinburgh) and the universities (eon- 
trolled from London). As for the 
economy of scale argument, he thinks 
that ‘big science’ has already grown too 
big. It leads to massive engineering 
projects that are socially destructive 
and tie together the world’s economies 
in an unstable manner, like a house 
of cards. 

Since then the debate has descended 
to the letter columns of The Scotsman 
and the THES. John Hulbert, pros- 
pective SNP MP and former lecturer 
in bacteriology at the University of 
Dundee, has waded in®with his analysis. 
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Produce of Scotland: 
Kelvin’s mirror galvanometer 


He finds it ‘sinister’ that since 1939 
the proportion of professors in Scot- 
land with a Scottish education has 
dropped from 73°, to 48%. Remember- 
ing that Scotland has only 10% of the 
UK population, most would find this 
evidence of continued parochialism, 
and his views an unhappy auguration 
of future SNP thinking on the ‘inter- 
nationalism’ of Scottish universities. 

To Professor Malcolm Slesser of the 
energy studies department of Strath- 
clyde University. who is also a nation- 
alist, this idea of ‘technological ecology’ 
is also central. Engineering should be 
on an appropriate. human scale, and 
vast expensive projects should be 
eschewed. He, for one, would not com- 
plain if an independent Scotland could 
not build the Concorde. Silver and 
Slesser’s argument is weakened by the 
fact that whateyer the final scale of a 
project, the cost of developing even 
appropriate technologies is now vast, as 
exemplified by the programmes afoot 
in the USA, France and Japan to 
utilise solar power. Equally, almost no 
science is conceivable nowadays with- 
out a big computer. How big a com- 
puter could Scotland afford? 

Professor Slesser thinks the real 
problem of Scotland stems from a lack 
of financial support for the develop- 
ment of appropriate new technology. 
He would like to see a revival of the 
technological entrepreneurship that 
characterised nineteenth century Scot- 
tish science, when a scientist such as 
Lord Kelvin could make a fortune (and 
get knighted) from his inventions. An 
investigation of government spending 
supports his view. Scotland does get a 
fair ghare of the UGC’s and the re- 
search councils’ university spending. 
The research councils also support 
speciai units: the MRC supports many 
all over the UK, and Scotland does 


wend. 


“recombinant DNA research 
‘United States. 
‘Bethesda, 
-from several government agencies met 
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-rather well, with 11 of these. The MRC 
works on the human gcale, however; 
athe SRC, which is responsible for ‘big 


ience’, believes it has to have its ex- 
pensive equipment housed in central 


facilities, shared by the country as a 


whole. This argument is rather. dam- 
aged by the fact that its major ‘centre’, 
consisting of the Rutherford Labora- 
tory (particle physics), the Culham 
Laboratory (plasma physics), the 
National Computer Labé@ratory, the 
High Power Laser Facility and the 
Appleton Laboratory (space and atmos- 
pheric research), is very conveniently 
situated for London, but is well south 
of the academic centre pf the UK, 
which is strongly weighted by. the 
Northern and Scottish universities. 
This is a mere peccadillo compared 
to the policy of the biggest research 
spender of the country, the Ministry of 
Defence. Of the 45 major research 
establishments listed by the MOD, 
apart from the lonely Naval Construc- 
tion Research Establishment in Dun- 
fermline, none are farther north than 
Baldock, 35 miles from London. As 
part of the devolution package the gov- 
ernment has promised to move the 
MOD to Glasgow, which has a chronic 
unemployment problem. Every few 
weeks Glaswegians read in their news- 
papers, with a mixture of anger and 
amusement, the ideas of civil servants 
on the putative great trek North. The 
most common view seems to be that 
civilisation stops at Chingford and the 
Arctic Circle begins at Watford Gap. 


Hopefully, if the MOD is ever moved 
it will learn the error of its views and 


devolve some of its research ir 


ments also. 


Eternal drawback | 

What, then, about industrial research? 
While the government tries to encour- 
age industry to the North with various 
short term benefits, there is an eternal 


drawback in that Scotland is at the 


periphery of Europe, and transport 


costs must always be high. This. adds 


about £50 to the cost of a car made in 
Scotland rather than Birmingham. The 
more valuable the basic. product, how- 
ever, the less significant are these trans- 
port costs, and thus factories producing 
high technology items are least affected. 
This has beep recognised by the Ameri- 
can computer giants, and Honeywell, 
IBM, NCR, and Hewlett Packard all 
have factories in Scotland. They are 
just factories, however, sand the best 
Scottish managerial and research per- 
sonnel are siphoned off to England or 
abroad. Could the process be reversed 
by independence? This seems doubtful, 
in that a small Scotland is unlikely to 
be more successful at dealing with a 
high-technology multinational than the 
UK as a whole. 

The lack of investment in new tech- 
nology is also borne out by the experi- 
ences of the National Engineering 
Laboratogy (NEL) at East Kilbride. 
Seven years ago the Rothschild. com- 
mittee recommended that the NEL 
should become less academic and liaise 


more with industry—shoald become, in 
effect, East Kilbride’s answer to MIT. 
To,a certain extent this has worked: 

of an annyal budget of £10,000,000, 
industry now contributes £1,250,000, 
and of NEL’s marketable ideas about 


half are taken up by local Scottish in- 
dustry—eventually. John McAllen of — 


NEL’s industrial marketing unit is, 
however, depressed at the lack of in- 
terest that most of industry displays-in 
trying to identify areas where new tech- 
nology could be developed. Especially 
depressing is the tale of NEL’s hy- 
draulically driven dumper truck. In 
spite of a total lack of industrial in- 
terest NEL were convinced that this 
idea had promise, and developed it on 
their own. Their perseverance paid off, 
and eventually Carron. Hydraulies of 
Falkirk took out a franchise on thein- 
vention. When the potential of the 
idea. was proved, however, Carron 
Hydraulics was promptly taken over by 
the German Rexroth group. 

The story of other countries reaping 
the rewards from Biritish inventions 
is now only too familiar. The 
worrying aspect of this case’ is 
that the invention was developed 
with government money specifically to 
benefi? British industry; safeguards 
against subsequent foreign takeover 
should have been written in. The NEL 
is, nevertheless, of great importance to 
Scotland, both as an employer of 
scientific personnel and as a stimulus 
to industry. Its status in an independent 
*Scotland would be very doubtful. m 


en en NE Se OT eC ae 
Maintaining momentum 





Colin Norman reports from 
Washington on latest developments 
concerning recombinant DNA research 


‘THe debate over the risks and bene- 


fits associated with recombinant DNA 
research, which has been raging in 
college campuses and city halls around 
the United States, suddenly picked up 
momentum in Washington last week. 
At one end of town, a public meeting 
sponsored by the National Academy of 


Sciences provided a forum for a clash 
“of views on whether, and under what 


circumstances, such research should be 


‘permitted. At the other end of town, 
Representative Paul 


Rogers, chair- 
man of the House health subcommittee, 
proposed lefislation to regulate all 
in the 
And in supurban 
a committee of officials 


to try to draft a bill to be sponsored 
by the Carter Administration. 


About the only clear message to 


emerge from this flurry of activity is 
that legislation to contro] recombinant 


DNA experiments throughout the 
United States 1s now inevitable, and 


‘that it would be welcomed even by 


many of the scientists who have long 
shivered at the thought of. having an 
agency of the federal government 
regulate their research. But there was 
the glimmering of another message, at 


least in the Academy’s public: meeting. 


There emerged at the meeting vocal 
opposition to recombinant DNA 
research from non-scientists concerned 
about its potential long-term implica- 
tions for human genetic engineering. 
Most of the debate so far has swirled 
around immediate health hazards, 
but it:may slowly be shifted toward a 


discussion of the potential uses to 


which the research may ultimately be 
put. . 

First, the legislative developments. 
The National Institutes of Health 
(NIH) guidelines published last June 


however, 


formally apply only to recombinant 
DNA research supported by the 
federal government, and are not backed 
by any federal monitoring or enforce- 
ment mechanism. Industrial research 
is not formally regulated at present. 
Because of theseeapparent weaknesses 
some state and local governments are 
considering adopting their own en- 
forceable regulations. Faced with that 
prospect, many scientists who once 
resisted federal legislation would now 
welcome it. 2 
Whether scientists want it or not, 
legislation is definitely 
coming. For the past four months a 
task force of some 25 officials from 
federal agencies has been seeking ways 
to extend the NIH guidelines to cover 
all recombinant DNA research in the 


United States and to monitor com- 


pliance with the guidelines. The task 
force has recently concluded that no 
existing federal agency has the author- 
ity to carry eut those roles, and that 
new legislation is* therefore needed. 
e The task force met last week to try 
to draft a bill for approval by the 
Secretary of Health, Education and 
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Welfare (HEW), who would then sub- 


mit it to Congress. The task force * 


didn’t complete its work, however, and 
it will meet again this week. Its draft 
legislation is expected to recommend 
the establishment of a licencing scheme, 
administered by an ‘agency of HEW 
(possibly the Center for Disease Con- 
trol), for research involving recombi- 
nant DNA. In any case, the controls to 
be enforced on the research will be the 
NIH guidelines. 

Meanwhile, Representative Paul 
Rogers has already got off the mark 
with a bill of his own. On 8 March, he 
made a speech in the House outlining 


In an action which has so far attracted 
little public attention, a biologist at the 
Umversity of California has been forced 
to destroy a large and painstakingly con- 
structed clone bank because the clones 
were produced under conditions dis- 
allowed by the NIH guidelines governing 
recombinant DNA experiments. The 
incident has been described by some 
scientists as a good example of the way 
that the voluntary NTH guidelines can 
work to protect public health, but others 
have suggested that it underlines the 
need for more careful scrutiny of recom- 
binant DNA research proposals before 
experiments are begun. 

The research, carried out by John 
Carbon of the University of California 
at Santa Barbara, was performed be- 
tween mid-1974 and mid-1976, a time 
when the NIH guidelines were under 
development. During most of that period, 
recombinant DNA research in the 
United States was governed by a loose 
set of safety guidelines drafted by a 
group of scientists which met early in 
1975 at Asilomar, California. Those 
Asilomar guidelines did not rule out 
Carbon’s experiments and even the final 
NIH guidelines, published on 23 June 
1976, are a little ambiguous on the 
matter. Carbon thus did not infringe 
guidelines in force while he was conduct- 
ing the experiments and he says he was 
unaware that his work lay outside the 
final NIH guidelines. 

The work consisted essentially of con- 
structing a large bank of clones of 
E. coli containing trarsplanted yeast 
genes and fruit fly* genes. Taking the 
clone bank of yeast genes as an example, 
this, in short, is what Carbon did: — 

He extracted the entire nuclear DNA 
from yeast cells and chopped it up into 
small fragments by mechanical shearing. 
He then spliced the yeast DNA fragments 
into bacterial plasmids and inserted the 
hybrid plasmids into E. coli. The next 
step was to culture the bacteria, growing 
several thousand distinct colonies, and 
each colony was then harvested 
separately. The collection of g¢olonies 
constitutes a clone bank containing 
copies of DNA fragments, representing 
the entife yeast genome, spliced into 
plasmids inside living bacteria. 

None of that would ordinarily be con- 
sidered hazardous: indeed, the 
guidelines specify that such manipula- 
tions with yeast genes require only low 
(P2) levels of physical containment. The 
problem, however, was that the E. coli 
which Carbon used to cfone the hybrid 
plasmids also contained so-called fertility, 
or F, plasmids which promote the trang- 
fer of genetic information from one 
bacterial strain to another. This means 


NIH - 


some of the risks and benefits potent- 
ially arising from recombinant DNA 
research, and announced that he would 
introduce legislation to control the 
research and that his health subcom- 
mittee would hold public hearings on 
the measure on°15, 16 and 17 March. 
The following day, he introduced a bill 
co-sponsored by nine other members of 
his subcommittee. 

The timing of the move was based 
on political considerations. The House 
Committee on Science, Research and 
Technology announced last week that it 
would hold a series of public hearings 
on recombinant DNA research during 


that the hybrid plasmids contained in the 
E. coli might easily be transferred into 
other E. coli strains capable of surviving 
in the natural environment. Iñ other 
words use of bacteria containing F 
plasmids greatly lowers the barriers pre- 
venting escape of recombinant DNA 
molecules from the laboratory. 

The scientific advantage of the system, 
however, is that it can be used for rapid 
identification of the transplanted génes, . 
and it can also be used simply to test 
whether they are capable of being ex- 
pressed in their new host. Essentially, 
Carbon transferred the plasmids from 
the E. coli bank into other strains and 
tested to see whether the properties of 
the new host were altered. In a paper 
published in the February issue of the 
Proceedings of the National Academy 
of Sciences, for example, Carbon and his 
co-workers report evidence that yeast 
genes are being expressed ir? their new 
hosts. s : 

Last June, a couple of weeks before 
the NIH guidelines were published, 
Carbon presented the results of his work 
at a symposium on recombinant DNA 
held at Massachusetts Institutes of Tech- 
nqjogy, and his use of a system contain- 
ing F plasmids “was challenged on 
grounds of safety. Then, shortly after the 
NIH guidelines were issued, Carbon 
wrote to the NIH Recombinant DNA 
Advisory Committee for a ruling on 
whether or not his system is proscribed 
by the guidelines. The committee in- 
formed him last October that the guide- 
lines should be interpreted as ruling out 
the use of E. coli containing F plasmids, 
and it instructed him to destroy his 
clone banks. Carbon was, however, given 
time to extract those plasmids which he 
wished to keep and transfer them to 
safer strains. He complied with the ruling 
last November. 

Asked last week when he first had 
doupts about whether his experiments 
infringed the guidelines, Carbon said 
that “the realisation dawned on “us 
slowly over the course of several weeks 
last spring”. He said, however, that the 
guidelines do not specifically rule out 
use of his system, and he was therefore 
still uncertain about the propriety of his 
experiments even when the guidelines 
were issued. Other scientists queried last 
week said that although the guidelines 
are a little fuzzy on the matter, they 
thought that it was generally assumed 
that E. coli with F plasmids shouldn’t 
be used. In any case, Carbon said that 
he is “willing to go along with the guide- 
lines” and he destroyed more than 50,000 
clones containing yeast genes and some 
10,000 clones containing Drosophila 
genes. à B 
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the last week of March, and Senator 
Kennedy’s Senate health subcommittee 
is planning to hold hearings early in 
April, after the Administration’s bill is 
introduced into Congress. Rogers didn’t 


want to be in the position of seeming 
to react to events, so he had his staff 


draft a bill last week in record time. 

When he introduced the bill, Rogers 
noted that “this proposal is intended to 
be a vehicle for discussion . . . and 
does not netessarily represent the views 
of its co-sponsors.” Its chief provisions 
are as follows: 

@ lit would require the Secretary of 
HEW to issue regulations governing 
recombinant DNA research which 
would be “no less stringent than the 
physical and biological containment 
requirements prescribed by the (NIH 
guidelines)”. The regulations would 
also specify a role for institutional 
review committees. 

@ Any researcher wishing to conduct 
recombinant DNA experiments would 
have to obtain a licence from HEW, 
the application for which would des- 
chibe the experiment and the condi- 
tions under which it would be 
performed. Licences would be valid for 
a maximum of two years. 

© The bill would limit the number of 
high-containment (P4) facilities in the 
United States to ten centres. 

@it would require the Secretary of 
HEW to publish in the Federal 
Register a description of projects for 
which licences have been granted, 
though trade secrets would be 
exempted from public disclosure. 

© The Secretary would be empowered 
to inspect facilities in which recombi- 
nant DNA research is conducted, to 
ensure compliance with the regulations. 
@ Violations of the regulations would 
result if civil fines of $1,000 per day. 
@ The bill specifies that federal regula- 
tions would pre-empt local controls on 
recombinant DNA research, except 
that the Secretary could exempt local 
controls which are at least as strict as 
the federal regulations. 

© Finally, it would establish an advisory 
committee to assist the Secretary in the 
granting of licences for recombinant 
DNA research. 

Last month a bill establishing a 
licencing scheme and providing harsh 
penalties for violations of the regula- 
tions was introduced by Senator Dale 
Bumpers and Representative Richard 
Ottinger. Senator Kennedy may also 
draft a bill of his own. The final 
version to emerge will be a com- 
promise between many different pro- 
posals, though particular attention 
shoulg be paid to the Rogers bill if 
only because he is in a key position to 
steer his proposals through the House. 
A recent notable addition to Rogers’ 
subcommittee staff is Burke Zimmer- 
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man, a former representative of the 
Environmental Defense Fund who has 
dong been active in seeking more public 
debate and stricter controls on 
recombinant DNA research. 

While those legislative developments 
were taking place last week, the 
Academy’s public meeting was in full, 
and sometimes noisy, swing at the 
other end of the Mall. Though the 
meeting essentially covered ground 
which has already been Well trodden 
in college campuses and city halls 
around the country, it nevertheless 
generated considerable national atten- 
tion and not a little friction. 


Most of the high-temperature ex- 


changes took place at the opening 
session, when a group called the 
Peoples’ Business Commission (a re- 
incarnation of the Peoples’ Bicentennial 
Commission). staged a series of dis- 
ruptions. Jeremy Rifkin, a spokesman 
for the group, was invited to address 
the meeting to air his grievances, and as 
he did so several of his supporters 
unfurled banners proclaiming their 
opposition to the research. Rifkin 
harangued the organisers of the meet- 
ing, claiming that the fact that it was 
supported financially by several drug 
companies rendered it suspect. In 
particular, Rifkin claimed that because 
the agenda was dominated by sessions 
concerned with potential health 
hazards from recombinant DNA 
research, it missed the central question 
of how the long-term implications of 
the research should be dealt with. 
Genetic engineering, he opined, is 
“the most important issue that society 
has to grapple with”, and he told the 
researchers present that “you can’t 


hide from the facts any more than the. 


physicists who split the atom”. 
Although the interruptions’ and ob- 
jections formed just a part of the 
meeting, Rifkin’s objections did sur- 
face later in rather more subtle form, 
from speakers such as Jon Beckwith 
of Harvard, who noted that though 
there are still some barriers left to 
introducing genes into human cells, 
“these goals are not at all inconceiv- 
able and they may be achieved very 
rapidly”. Beckwith announced that he 
has renounced use of recombinant 
DNA techniques, because “I do not 


wish to contribute to the development. 
of a technology which I believe will 


have profound and harmful effects on 
this society”. 
Other speakers noted that one of 


the potential benefits often claimed for 
recombinant” DNA is to help under- 


stand the causes of cancer. Such obser- 
vations put the debate onto a different 
level from discussion of potential health 
hazards, and they could be much more 
difficult for scientists to grapple 
with. O 


Sweet sorrow 


AFTER more than six years of un- 
certainty, the Food and Drug 
Administration (FDA) last week 
decided to ban the drtificial sweetener 
saccharin * from general use in the 
United States. The action, which was 
prompted by clear evidence that the 
sweetener can cause bladder cancer in 
rats when fed to them in large quan- 
tities, immediately prompted shrill 
protests from the food industry, and 
it is sure to touch off a new round of 
attacks on the so-called Delaney 
Amendment which bans use of any 
food additive found to cause cancer 
in animals. 

The evidence which finally sounded 
the death knell for saccharin came 
from a long-term feeding * study 
sponsored by the Canadian govern- 
ment, preliminary resylts of -which 
were made available to FDA officials 
on,7 March. Two days later, FDA 
and the Canadian Department: of 
Health and Welfare announced that 
the sweetener would. be banned both 
in Canada and the United States: 

The full results of the study. have 
not been published, but according to 
a summary made available by FDA, it 
turned up the following results, Out 
of 50 male and 50 female rats fed a 
diet containing 5% saccharin through- 
out their lives, three males and no 
females developed malignant bladder 
tumours. In addition, 50 male and 50 
female offspring of those rats were 
also fed diets loaded with saccharin. 
The cancer incidence among tiem 
was more pronounced: 12 male and 2 
female animals: developed bladder 
tumours. Thus, 17 out of 200 test 
rats developed cancer compared with 
2 out of 100 in a control group. 

Until the full results are published, 
it is difficult to tell how good the 
study was. It has, however, long 
been regarded as the best test of 
saccharin yet undertaken, and FDA 


Officials have been eagerly awaiting 


the results in the expectation that the 
study would finally settle the question 
of whether saccharin is or is mot a 
carcinogen. They were impressed. 
The tests, according to Sherwin 


| Gardner, the Acting FDA Commis- 


sioner, “show unequivocally that this 
substance can produce malignant 
bladder tumours in rats”. | 
It has sometimes been suggested 
that the carcinogenic potential of 
saccharin may be caused not by the 


| sweetener but by an impurity, ortho- 


toluenesulphonamide (OTS). The 
Canadian tests, however, included a 
separate study of OTS and no carci- 
nogenic effects were discovered. 
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FDA was, therefore left with no 
choice but to ban saccharin from the | 
market, an action which Gardner 
suggested was “based on science and 
on the requirements of Federal law”. 
EDA hopes to publish details of the- 
ban within a month, but it will allow 
those products already manufactured 
to be sold. | 

The ban could have considerable 
economic impact since saccharin is 
now the only artificial sweetener on 
the market in the United States. 
Cyclamates were banned in 1969, 
following evidence that they also 
cause bladder cancer in rats. And 
another sweetener, aspartame, «vas 
due to be approved by FDA a ‘couple 
of years ago but approval was with- 
drawn following a discovery that the 
manufacturer of the substance sub- 
mitted misleading test data. Once 
saccharin is removed from ‘the 
market, there will be no non-nutritive 
sweetener for use by the burgeoning 
diet. food industry. Some 5 million 
pounds of saccharin is now used in the 
United States, about three quarters 
of whfich goes into soda pop. 

FDA’s regulation of saccharin 
came under blistering attack last year 
in a study published by the General 
Accounting Office (GAO), an investi- 
gatory agency of the Congress. 
Noting that doubts. about the safety 


* + “ * 
"of saccharin were raised in the early 


1970s, particularly after a study pub- 
lished in 1971 indicated that the 
sweetener may be a potential car- 
cinogen, GAO suggested that “ex- 
tended use of a food additive, such as 
saccharin, whose safety has not been 
established and for which a car- 
cinogenic potential has been raised, 
could expoge the public to ún- 
necessary risk”. e% 

FDA did, however, take some 
action against saccharin in 1972. It 
limited the amount of the sweetener 
which could be added to food and 
drink, and ordered that the substance 
should be used only in special dietary 
products. The latter requirement 
hasn’t been rigorously enforced, how- 
ever, for use of the sweetener has 
mushfoomed, diet sodas are heavily 
promoted for general use, and 
saccharin is now found in” products 
like toothpaste and pancake syrup. 

With such a large volume of sales 
to protect, the food industry is ex- 
pected to appeal the ban, through the 
courts if necessary. Some nutritionists 
are warninge of the health conse- 
quence$ of an incréased consumption 
of sugar. | 

Colin Norman 
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®© The Soviet media have recently 
been devoting considerable: atterftion 
to peaceful  nifclear ° explosions 
(PNE). Although the Soviet PNE 
programme dates hack to 1965, so 
far explosions have been carried out 
without publicity. Recently, however, 
a number of Soviet press and radfo 
reports have extolled the use of PNE 
in digging the Pechora—Volga canal, 
and the construction of water and 
underground gas storage reservoirs. 
An interesting feature of this cam- 
paign is that all three major broad- 
casts on PNE achievements were in 
English (one being in the African 
service), and therefore aimed at the 
outside world; in one case, the con- 
terfts of the broadcast was then issued 
in a Novosti press release. 

Soviet experts do not share Ameri- 
can doubts on the commercial via- 
bility of PNE, and are eager for the 
ratification of the PNE agreement, 
already initialled in Moscow and 
awaiting ratification by Washington, 
which would ensure mutual on-site 
inspection and instrumentation rights. 
Although the Soviet delegate to the 
Geneva disarmament talks, Mr V. A. 
Likhachev, recemtly called for*a total 
cessation of all nuclear weapon tests, 
there are clear indications that the 
Soviet Union would not be willing to 
accept a ban or a moratorium on 
PNE. The recent burst of publicity 
may well be intended to make the 
Soviet attitude clea? to those govern-* 
ments which would favour a total 
ban on all nuclear explosions. 


© Conservation of the country’s re- 
sources, including energy, is an 
important feature of the present Five- 
Year Plan. Targets include savings 
of 14-16%, ferrous metal in machine 
construction, 5-7", metal. 5-6% 
cement and 12-14% timber in build- 
ing, and 5% electrical and thermal 
energy and 8%, petrol and diesel fuel. 
This winter, inspections and sur- 
veys have been made in many parts 
of the Soviet Union to monitor fuel 
consumption. A supporting campaign 
in the media, commending the eco- 
nomical consumers and rebuking the 
wasteful, is aimed at all levels of the 
community—from the electrical gene- 
rating industry, which last December 
cut its specific consumption by 2g 
fuel per kW-hour (saving some 1.5 
million tonnes of coal), to the workers 
of Vladivostok, who by their 
“thousands of valuable suggestions” 
have allowed some 13 million kW 
of electricity and 49,000 tonnes of 
rated fuel to be saved.” 5 
Particular criticism has been 
directed at the Ministry of Fuel ant 


Power (for slowness in converting to 
‘nore efficient boilers), at the metal- 
lurgical industry (for poor use of re- 
cycled resources), and the Ministry 
of Construction of the Oil and Fuel 
Industries (for delays in cpnstructing 
gas refineries, so that “thousands of 
millions of cubic metres of gas” have 
had to be burned off into the atmos- 
phere) and various local authorities 
(for lighting and heating empty build- 
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ings, using expensive fuel from else- 
where rather than cheap local coal, 


peat or wood). . 
e 
r e |. Ad 
@® Three Moscow refusniks, the 
cvberneticist Aleksandr Lerner and 


Vladimir Slepak and Anatoli Shcha- 
ranskii, both engineers, are attempting 
to bring a libel suit against Dr Senya 
LMavskii and the editor of the 
government newspaper /zvestiya. Dr 
Lipavskii, a former associate of the 
refusniks, is the author of an ‘open 
letter’ published in /cvestiva alleging 
that a number of the prominent 
Jewish activists, including the three 
men, are CIA agents. | 

Such denunciations have in the 
past always been followed by criminal 
proceedings, and it would be unpre- 
cedented if no action were to be taken 
in this case. Shcharanskit. who often 
acts as unofficial spokesman for the 
growp, has already had all his docu- 
ments except his internal passpart 
confiscated. To try to refute the ex- 
pected charges, Lerner, Slepak, and 
Shcharanskii have attempted to ini- 
tiate proceedings for libel, although 
various bureaucratic barriers are 
being placed in their way. 

Together with the economist Ida 
Nudel and Dina Bellina, an engineer, 


they have also written a letter to` 


President Carter. asking him to do 
something “constructive” to ease the 
situation. Although the text of the 
letter has not been released by the 


signatories, it seems that they would 
urge a firm but ‘soft’ response. The 
letter of Academician Sakharov to 
President Carter last January, which 
called on the President to “raise your 
voice” against human rights viola- 
tions in the Soviet Union, was inter- 
preted by the Soviet authorities as a 
provocation to cold war, as was the 
recent meetigg of the President with 
Vladimir Bukovskii. Lerner and his 
friends, it would seem, are unwilling 
that their case should be used to 
undermine the very real benefits ef 
détente. 
e 

@® The new Soviet 200-mile fishing 
zone. which came into force on | 
March, has inaugurated a new era 
in Japanese-Soviet fishing relations. 
So said the Japanese Minister of Agri- 
culture and Fisheries, Zenko Suzuki, 
during four days of stiff negotiation 
in Moscow at the turn of the month. 
By the end of the talks it was clear 
that the new era was not to be one 
of immediate agreement: indeed, Mr 
Suzuki and the Soviet Minister of 
Fisheries, Aleksandr Ishkov, could 
not even agree on a joint communi- 
qué, and the talks ended in a formal 
exchange of notes. 

During the talks Mr Suzuki stated 
that for constitutional reasons Japan 
could not accept certain provisions 
of the decree establishing the Soviet 
zone. His concluding note to Ishkov 
stated that Japan would also. be 
establishing a 200-mile zone in the 
near future. This will encroach upon 
the new Soviet zone on the west coast 
of Japan and inethe region of the La 
Pérouse and Kunasharskii straits. In 
spite of these diplomatic difficulties, 
however, certain practical conclusions 


were reached, pending the interim 
pact (expected by 31 March). 


Japanese fishing vessels will be per- 
mitted to operate within the new 
Soviet zone, but may not engage in 
herring or salmon fishing. Negotia- 
tions are to be continued towards a 
long term agreement. 

A similar position, but with the 
Soviet Union in the role of the 
applicant seeking to enter an ex- 
clusive zone, has arisen in the fish- 
eries talks between the Soviet Union 
and the EEC. The first round of talks, 
in February, were hailed as a diplo- 
matic breakthrough; the second 
round failed this month to produce 
the “mutually acceptable results” 
which Mr Ishkov had koped for. 
Since both sides realise that they are 
at present too far apart to reach an 
early agreement, the talks have been 
postponed until 19 April. 

Vera Rich 
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@ Figures on graduate employment 
from three of Britain’s top universi- 
ties don’t conform with everyone's 
predilections when it comes to science 
graduates. 

The view heard these days is that 
graduates, especially from Oxford, 
Cambridge and London, are likely to 
go into the types of employment 
which served Ismpire well but which 
are of less obvious use if the modern 
industrial era. The suggestion is that 
they are most likely to go into central 
and local government or teaching 
when they aren’t busy becoming per- 
petual students by doing post-graduate 
study. Otherwise they are likely to be 
joining the  professions—becoming 
accountants or solicitors, moving into 
banking or insurance—or joining the 
media by going into journalism, 
broadcasting or publishing. What they 
aren’t doing, the argument goes, is 
helping to boost Britain’s long term 
economic potential by going into 
directly productive employment in 
industry. , 

Figures giving details of employ- 
ment of 1976 science graduates from 
Oxford, Cambridge and London do 
not appear to bear these assertions 
out. Even after making allowances for 
difficulties in interpreting the statistics 
in precisely comparable terms, the 
indications are that Britain’s gradu- 
ates in the pure sciences, if they are 
not going into research, are most 
likely to go into industry. 

That they are likely to go on to 
further study is strongly indicated by 
the figures for both Oxford and 
Cambridge, where a high proportion, 
around one-third, of the men science 
graduates from both places opted for 
this course. But of the 399 Oxford 
men science gradufites who worked 
in other fields in Britain after gradu- 
ating, 155 went into industry; and of 
the 193 Cambridge science graduates, 
88 did so. For London, the figure was 
209 out of 497. 

For the public service and educa- 
tion, moreover, the figures are not 
high. Just 20 out of 193 from Cam- 
bridge went into the public service, 
and 23 directly or indirectly into 
teaching. The comparable figures 
from Oxford are 65 and 44 (out of 
390) and from London 75 and 68 
(out of 497). Similar tendencies are 
apparent in figures for accountancy 
(32, 58, 47) and for banking and in- 
surance (7, not available, and 34). And 
from all three universities together a 
total of only 21 men went into the 
media or elected to become solicitors. 

What makes the figures evep more 
interesting is that similar trends, 
though less marked, can be identified 


for arts and social studies graduates. 


At the other end of the university, 


machine, meanwhile, the number of 
entrants into tertiary education who 
go into science and engineering 
remains a prominent*topic, not least, 
it seems, because the facts are dis- 
puted. At the beginning of the month 
the Education and Science Secretary, 
Mrs Shirley Williams, described the 
need to attract students into science 
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and engineering courses as “urgent”, 
Her department is at the moment in- 
vestigating whether to introduce a 
form of .scholarship to encourage 
sixth-formers to specialise in science 
and engineering. But the Vice- 
Chancellor of Durham has warned of 
a glut of engineers, and the London 
University Institute of Education is 
saying the shortage of engineers apd 
scientists is a myth. 


@ The state of Britain’s manufactur- 
ing industry is an issue unlikely to be 
superseded in importance by ques- 
tions about her agriculture, itself an 
industry. At the end of last month, 
though, it was announced that the 
country’s standing Royal Commission 
on Environmental Pollution, now 
under the chairmanship of Professor 
Hans Kornberg, was to examine how 
the trend towards large livestock units 
and the greater use of fertilisers and 
pesticides posed an increased risk*® of 
pollution. The Commission also wants 
to examine the vulnerability of agri- 
culture to industrial pollution. 
Among the bodies which might 
show an interest is the Nature Con- 
servancy Council (NCC). A report it 
published last week suggests that 
financial assistance and advice on 
conservation should be given to 
farmers if the problems their farming 
practices create for wildlife are to be 
alleviated. The report estimates that 
if all farms were to be totally modern- 
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* ised, about 80°, of the bird and 95% 


of the butterfly species would be lost 
from the farmed landscape. The NCC 
wants a policy of wise land use which 
provides for the conservation of wild- 
life as well as fhereased food pro- 
duction. 

increased food production was just 
one of the points broached last week 
by Professor John Bowman, the 
Director of the Centre for Agri- 
cultural Strategy at the University of 
Reading, when he spoke about an 
agriculture strategy for Britain. He 
talked of food consumptior? (“‘com- 
fortably in excess of or equivalent to 
recommended minimum levels for 
normal life”), of changing eating 
habits to help feed others less forju- 
nate (that had “little to commend it”), 
curtailing animal production, because 
of worries about its cruelty or its 
energy inefficiency (“it is more justi- 
fiable to argue for the modification 
of production systems so they are 


ebased more on feed inputs of no 


direct use to man”), and justifying 
protectionist policies in terms of 
security (there are sound arguments 
for achieving security “through an 
increasg in the world trade of all 
commodities, not least of which are 
food commodities”). 

He also presented the preliminary 
findings from the Centre’s own model 
of the UK agricultural economy. Its 
projections for a future with a higher 
degree of self-sufficiency and lower 
import costs indicated broadly that, 
even allowing for modifications in 
diet, meat production was expected 
to contract, the dairy sector, sugar 
beet and oilseed rape were expected 
to expand, and the cereal acreage 
would remain largely unchanged. But 
technical and economic efficiency 
were unlikely to be the only objec- 
tives of publig policy; justice, equity 
and security could*take precedence. 


© The University of Bradford’s 
Disaster Research Unit, which was 
established in December 1973 and has 
just three members, is now fighting 
for its survival. When the initial 
period of three years for which the 
unit was financed came to an end late 
last year, the university (which pro- 
vided tħe funds along with the Lever- 
hulme Trust and the Ministry of 
Overseas Development) agreed fo 
finance a further year pending the 
outcome of a review. This showed that 
with the cuts it faced the university 
could not support the unit. Now the 
unit has stopped work while its mem- 
bers ask the goyernment, international 
agencieseand trusts for more funds. 
Chris Sherwell 


214 
BRITAIN. 


Potential energy - 


Developments on Britgin ’*s energy front 
are continuing apace. Chris Sherwell 
reports 


- 





Gas, coal, oil and nuclear power have 
all featured in the past week’s energy 
developments. At the risk of involving 
the Cabinet and angering the unions, 
the Energy Secretary, Mr Anthony 
Wedgwood Berin, is proposing to over- 
rule the Price Commission’s rejection 
of the British Gas Corporation’s (BGC) 
application for a price rise. The rise, 
effective next month, will boost BGC 
revenues by 10% and is part of the 
attempt to rationalise Britain’s energy 
industries. 

The development came after news 
that additional coal resources amount- 
ing to more than 200 million tonnes 


have been discovered in Warwickshire. e 


The seams compare with the Selby and 
Vale of Belvoir fields, and are the 
result of the National Coal Bot&rd’s 


exploration programme. A new £50 
million three-yeay programme is due to 
start soon, and more discoveries are 
expected. z 

But not everything is rosy. Coal 
prices are also going up next month; 
NCB projections of output until the 
1980s under its Plan for Coal show that 
exploitation of new mines is beset by 
problems in obtaining planning 
approval; and productivity shows a 
downward trend. 

On the oil front the important matter 
of depletion policy in the North Sea is 
attracting attention The issue emerged 
clearly recently in the Department of 
Energy’s broad review for the NEDC. 
An annex stated that large-scale licenc- 
ing in the early 1970s was designed to 
build up an exportable surplus in the 
1980s; delays in starting work on new 
fields and “slippage” in the build-up of 
commercial fields, however, had “‘some- 
what eroded the level of production 
expected in the early 1980s and there- 
fore the export surplus”. 
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Last week a*slightly more optimistic 
prognosis for the export surplus was 
produced by a policy adviser to the 
British Petroleum Board, who coun- 
selled against a strict depletion policy 
designed to prolong the period of self- 
sufficiency. The issue looks like be- 
coming increasingly important as the 
‘time for critical nuclear power decisions 


draws closer. ? 
Arguably the most important of 
those decisions ‘concerns the fast 


breeder reactor. One report this week 
says there are suggestions for a sųper- 
visory board, representing all concerned 
interests, ta manage the project; an 
executive team of experts would report 
to it. The’ Prototype Fast Reactor at 
Dounreay, due to be shut down recently 
for a ten-week overhaul and for re- 
fuelling, will meanwhile take over the 
role of the small experimental reactor, 
which will be closed in a ceremony 
next week after some 17 years of ser- 
vice In the reprocessing field Mr 
Benn’s intervention last weekend has 
séen the end of the six-week industrial 
dispute at the British Nuclear Fuels 
plant at Windscale CJ 





EARTHQUAKES iff Romania have many 
unusual features to them, not least a 
somewhat erratic occurrence rate. 
The recent quake of magnitude 
greater than 7 near Ploesti, which has 
caused such widespread damage and 
the loss of over „a thousand lives 
seems to conform to the pattern. 

There is regular seismic activity in 
a band running down the east coast 
of the Adriatic, through the Aegean 
Sea and off into Northern Turkey, 
but further north, activity is rare, 
suggesting that the major active plate 
boundaries run well south of Romania. 
There is, however, a little activity 
along the north coast of the Black 
Sea, and a smalleisolated pocket of 
Romanian quakes lies along the con- 
tinuation of this line at the southern 
most limit of the Carpathian moun- 
tains. These quakes are at a depth of 
50 to 150km and lie in a vertical 
slab (Nature 228, 1176-8 (1970)); the 
slab is probably the relic of a small 
segment of ocean that was overridden 
millions of years ago but.is still out of 
equilibrium with its surrowndings. 
The earthquakes would then result 
from the release of stress as the slab 
settled. 

Since the recent quake there have 
been several attempts to discern pat- 
terns in the times of occurrence of 
Romanian earthquakes Rarely can 
credence be attached to such state- 
ments which haye been made on the 
basis of a rapidly compiled historic 
compilation. Although the cataloguts 


back to about 1900 are quite good for 
large earthquakes, the estimate of 
magnitude for many of these events 
leaves a lot to be desired; any’ analysis 
which then looks at ghe- statistics of 
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events above a certain magnitude is 
bound to be using shaky premises. 
Even so, the suggestion emerging 
from the US Geological Survey (and 
regrettably inflated into an ambas- 
sadorial message) is of interest. It 
has been noticed that six of the eight 
quakes since 1900 which the Survey 
regard as large have occurred in 


pairs, separated by a month or so. 
This is quite an unusual observation 
for earthquakes, and the prospect of 
a second large quake cannot be dis- 
counted. Prediction techniques based 
on rock dilatation that are beginning 
to emerge as important for shallow 
quakes seem difficult if not impos- 
sible to apply at present to events as 
deep as the Romanian quakes. 

The earthquake was felt over a 
very wide area*-Moscow, a thousand 
miles away, was shaken slightly. This 
had been noted for previous shocks 
and probably arises from a combina- 
tion of two factors. First, an earth- 
quake at depth, away from the near 
surface inhomogeneities, irradiates a 
larger area than does a shallow shock. 
And second, there is probably very 
little absorption of elastic waves cross- 
ing an old, stable region such as 
Western Russia. 

Legal proceedings, it is reported, 
are to be brought against architects 
whose modern buildings collapsed in 
the quake. There is a certain amount 
of sense in this. An earthquake of 
comparable dimensions occurred in 
1940 and was destructive; it seems 
that in some cases appropriate lessons 
have not been learnt. Earthquake- 
proofing of buildings is by no means 
an impossibly expensive task, and is 
done routinely in California and 
Japan, with great success Maybe one 
of the Rood things to emerge from the 
disaster «will be a greater insistence 
on building to safer standards. 
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Science budget breakdown 
The Department of Education and 
Science (DES) was unable to comment 
this week on a report in THES detail- 
ing the breakdown of the Science 
Budget for 1977-78. The figures have 
yet to be agreed formally with the 
Treasury and passed by the House of 
Commons. > 

The Science Researci? Council's 
budget is believed to break down as 
follows: nuclear physics, including the 
CERN subscription, £43.3 million; 
astronomy, space and radio, £27.6 mil- 
lion; science, £23.3 million; engineering, 
£14.5 million. Figures for the other 
research councils are reported to be as 
follows: MRC, £42.3 million; NERC, 
£29.5 million; ARC, £20.4 million: 
SSRC, £14.5 million. The size of the 
overall budget was foreshadowed in the 
recent expenditure White Paper. 


Tue debate on recombinant DNA is 
so far a tribute to the power of fhe 
human imagination rather than an 
acknowledgment of actual results 
obtained in laboratories. Most of the 
Stronger statements seem to be made 
by people who are not trained in bio- 
logy. However, some good ammunition 


has been provided by prominent 
scientists. For example, Robert 
Sinsheimer recently advanced the 


possibility that DNA from Clostridium 
botulinum might be used by a ‘ter- 
rorit group’ to transform ŒE. coli 
into producing  botulinus toxin. 
Obviously, such a group will not 
apply for a permit from the National 
Institutes of Health. 

The environmentalist societies have 
reacted promptly and swiftly to the 
issue. The decision Was easy, because 
in matters of science and technology, 
especially new ones, they are guided 
by the principle stated by Groucho 
Marx in the 1930s: 


I don’t know what you’re going to say 
It makes no difference anyway 
Whatever it is, I’m against it! 

Some of the busiest recombinant 
DNA laboratories are in our own 
digestive tracts, where the transduc- 
ing phages, episomes and Hfr strains 
have been switching DNA around 
ever since the days of early evolu- 
tionary history. Knowledge of this 
should (but won’t) have a calming 
effect on those who believe that re- 
combination is a recent invention of 
maniacal molecular biologists. 

I am impressed above all by the 
fact that nature buries her countless 
numbers of mistakes. The twosheaded 
calf does not survive. Nor dogs nature 
help us in our genetic manipulations. 


NASA change 


James C. Fletcher, who has been head 
of the National Aeronautics and Space 
Administration (NASA) for the past 
six years, is being replaced, another 
casualty of the Carter Administration. 
He announced last week that he will 
leave on | May. The post is a Presiden- 
tial appointment and Fletcher con- 
sequently submitted a pro-forma 
resignation to President Carter along 
with other holdovers from the Ford 
Administration, but it was no secret 
that he wanted to be kept on. No 
reason has been given for accepting 
his resignation and no replacement has 
been announced. 


UN conference opens > 
Experts from some 150 countries were 
Argentina, this week for the opening 
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The most productive strains of our 
major crop plants would rapidly 
vanish without human protection and 
nurture. Maize would be the first to 
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disappear. It is true that there are 
deadly pathogenic micro-organisms 
in our midst but the number of 
species of these is comparatively 
small. They are the product of 
millions of years of commensal evolu- 
tion with their hosts. The thought 
that we could slap new ones together 
in the lab and that they would be 
viable enough to run riot seems 
faintly ridiculous. 

Even such an apparently obvious 
advantage as antibiotic resistance does 
not easily persist. Some years ago I 
participated in launching an experi- 


of the two-week UN Water Conference. 
The major item for discussion high- 
lighted last*year’f Habitat conference 
in Vancouver: providing clean and safe 
water supplies to eesidents in urban and 
rural areas as soon as possible. Also on 
the agenda: pollution control, con- 
s@rvation of water resources, manage- 
ment of shared lake and river resources, 
water as a disease carrier. 


Psychiatrist’s death 


The death has been recorded of 
Professor Daniil Lunts, head of the 
fourth section (political) of the Serbskii 
Institute of Forensic Psychiatry. 

Last weekend a young paramedic, 
Aleksandr Podrabeinnik, who has, col- 
lected details of over 200 cases of sane 
mental hospital internees in the Soviet 
Union, had his flat searched and 
papers confiscated. 


ement that spread widely; the addition 


of antibiotics to the feed of domestic 
livestock. Although this has recently 
been® criticised and scrutinised, the 
strange fact remains that it ‘still 
works’.when by all,predictions the 
spread of resistant strains should long 
ago have made the procedure use- 
less. This is especially so because 
resistance in enteric bacteria can 
spread by DNA recombination. I 
presume the wild, susceptible strains 
anust tend to overgrow the resistant 
ones. 

Public understanding of recom- 
binant DNA is greatly aided by pre- 
vious conditioning to science fiction. 
A long-time staple subject for car- 
toonists in popular magazines is 
typified by a picture showing ‘mad 
scientists’ in a laboratory where en- 
ormous rats are emerging from a 
flask, captioned „Something Went 
Wrong’. This theme, almost to the 
letter, was used in a recent cartoon, 
and, to make the point absolutely 
clear, the scientists wore lab-coats 
labelled ‘MIT’. 

So far, the one predictable result 
of ‘recombinant DNA research,’ even 
the research that hasn’t been done, 
is a bureaucratic explosion of paper- 
work. Any mention of DNA in a 
research grant proposal presses the 
alarm button, and a large package of 
questionnaires arrives in the mail. We 
can probably look forward to a new 
National Institute for Regulating Re- 
combination, and even to its counter- 
parts in state and local governments. 
Also. the term ‘recombinant DNA’ 
rolls trippingly from the tongue, and 
politiciats know a Vote-getting issue 
when they see one. 
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The toxicity of plutonium , 
Sir,—-We wish to comment on three 
recent publications, all originating in 
the United Kingdom, which have dis- 
cussed the radiotoxicity of inhaled, in- 
soluble plutonium compounds. In a 
recent article in Nature, Thorne and 
Vennart’ concluded that the previously 
accepted value for the maximum 
permissible annual intake (MPAI) of 
such compounds may be too high by a 
facter of about five. A similar conclu- 
sion had previously been reached in a 
Medical Research Council report’, and 
in a report’ by the Royal Commission 
on Environmental Pollution. Our main 
purpose here is to point out: 

® that the proposed changes in the 


MPAT and in the closely-related maxi-e 


mum permissible air concentration 
(mpc) do not necessarily imply any 
change in the present procedure’ for 
assessing doses and risks in situations 
where persons haye known amaunts of 
insoluble plutonium in their lungs; 

@ that although the article in Nature 
and the MRC report come to broadly 
the same final conclusions, the reasons 
for the conclusions are significantly 
different; and that the uncertainties in 
the calculations, to which attention is 
drawn in both papers, are as large as 
the proposed reduction factor: 

@ that the observed behaviour of the 
technologically-important high fired 
plutonium oxide in people who have 
accidentally inhaled such material is 
significantly different from the be- 
haviour predicted from the lung model 
assumed in recent MPAI calculations. 


Maximum permissible annual intake. 
Thorne and Vennart stress that the 
MPAI which they derive is intended 
for planning purposes’. We believe that 
most facilities in which plutonium 
oxide is handled are planned on the 
basis that there will be virtually no 
chronic exposure, and that this is also 
true in operational practice; hence the 
precise value of the MPAT (or the mpc) 
is somewhat irrelevant. However, ex- 
posures do occur from time to time, 
due to unplanned but identified in- 
cidents which usually cause the ex- 
posure of one or two individuals to 
quite high concentrations for a short 
time. In such situations, we believe that 
it is good practice to make the best 
estimates of intake, dose and risk to 
those specific individuals on the basis 
of measurements taken on them, with 
no reference to the concepts of MPAT 
(or mpc). In fact, such a procedure is 


: + 
explicitly recommended‘ in ICRP Publi- 
cation 19 on the page following the 
one on which they describe the model 
used in Nature and the MRC report. 


Uncertainties in the MPAI. Although 
the Nature article and the MRC report 
both conclude that a reduction in the 
MPAIL of the order of a factor of five 
is to be recommended, the two sets of 
calculations show significant differences. 
For example, the respective estimates 
of risk of bone cancer differ by more 
than „a factor of five and the risks of 
lung cancer by more than a factor of 
three. On reading the respective texts 
it is obviousewhere the differences lie 
(in the relative importance of the 
respiratory lymph nodes, in the quality 
factor for alpha particles and in the 
calculations of dose to the bone). Both 
publications acknowledge that the 
estimates of ‘nominal risk’ are open to 
criticism and that the data on which 
they are based can be interpreted in 
Several ways. It is an unfortunate fact 
that such qualifications are often dis- 
regarded by those who draw conclusions 
from the final tabulated presentation. 


The maximum permissible lung burden 
(MPLB). In the summary of conclu- 
sions (paragraph 526.2) of its sixth 
report, the Royal Commission on 
Egvironmental Pollution? claimed that 
a reduction by a factor of five in the 
MPL.B is already practised. This state- 
ment appears to have resulted from a 
misunderstanding; we believe that their 
statement was intended to apply to the 
MPAI. The conclusion stated in para- 
graph 526.2 does not follow from the 
section of the report in which the 
matter is discussed (i.e. paragraph 77). 
Neither the MRC report nor the 
Nature article explicitly suggested a 
reduction in the MPLB, and in our 
view, no such reduction is required in 
the case of high fired plutonium oxide. 


ICRP lung model. As explained abeve, 
all of the recent calculations have been 
based on the use of the lung model of 
ICRP Publication 19. The parameters 
given in the model were derived mainly 
from animal data, and presumably re- 
present at best the mean or median 
values of a number of widely differing 
experimental values. Consequently, as 
explained in the associated text of the 
ICRP publication, the model can only 
be used for deriving general exposure 
limits; to evaluate a specific exposure 
situation one should choose the data 
most relevant to that particular situa- 
+ 


* 


tion. Measurements made on a sub- 
stantial number of individuals’’*, who 
had inhaled high fired plutonium oxide, 
show thatethe material initially de- 
posited in the lung is removed much 
more rapidly than the ICRP model 
would suggest for what it calls a Class 
Y material. Moreover, experience ‘here 
at Winfrith (to be published) has shown 
that the amount of material transferred 
from the lung to other parts of the 
body is also significantly less than the 
model would suggest; perhaps this is a 
consequence of the more rapid removal 
to which we have referred. As a con- 
sequence of these two factors, if risk 
estimates are made for those people 
who have inhaled high fired plutonium 
oxide, they are found to be a factor of 
about 5 lower than the risk estimates 
based on the use of the lung model, i.e. 
they are no higher than was previously 
supposed. 


Discussion. We feel that the methods 
which have been used to derive new 
values for the MPAI are unduly 
pessimistic for high-fired plutonium 
oxide. That fact in itself does not worry 
us unduly. What does worry us is that 
people may be tempted to conclude, by 
the use of the same lung model, that 
in every case in which a person “inhales 
insoluble plutonium, the risks to bone 
and liver are comparable to those of 
lung; and henge to conclude that the 
MPLB should be reduced. We believe 
that in the case of high fired plutonium 
oxide, the prevjously established idea 
that the lung is the critical organ 
remains substantially correct. 
D. RAMSDEN 
T. F. JOHNS 

Atomic Energy Establishment 

Winfrith, Dorset, UK 
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Registering Russian mail 
Sirn—Apropos of your article ‘‘Keep- 
ing in touch with Soviet colleagues” 
(10 February, page 484), it is my experi- 
ence fhat correspondence with them is 
expedited by using registered mail. 

P. A. DAVENPORT 
Culham Laboratory, UK 
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Marburg and Ebola: viruses in search 


of a relation 


from David I. H. Simpson and Arie J. Zuckerman , 


In the second half of 1976 two severe 
epidemics of haemorrhagic fever broke 
out in Sudan and Zaire. The virus 
responsible, provisionally named Ebola 
virus, proved to be structurally similar 
but antigenically different from that of 
Marburg disease, and three recent 
reports in The Lancet give details of 
its isolation and preliminary charac- 
terisation. 


Marburg virus 

Marburg virus disease, popularly but 
incorrectly named ‘green monkey’ 
disease, is a severe distinctive haemor- 
rhagic febrile illness of man, first 
described in 1967 when thirty-one cases 
of illne€s with seven deaths in Germany 
and Yugoslavia were traced to direct 
contact with blood, organs or tissue 
cell cultures from a batch = of 
African green monkeys (Cercopithicus 
aethiops), which had been trapped in 
Weanda. Several sepondary* cases 
occurred in hospital personnel by 
contact with the blood of patients, and 
one further case was apparently trans- 
mitted by sexual intercourse 83 days 
after the initial illness, The case fatality 
rate was 29% for the primary cases, 
but there were no deaths in the six 
secondary cases. It soon became 
apparent that this was a previously 
unrecognised disease caused by an 
infectious agent probably new to 
medical science. 

The possible origin of the infection 
has been investigated since the 1967 
outbreak. Complement fixing anti- 
bodies to the Marburg virus were 
reported from a laboratory in the 
USA in many African monkeys, but 
conflicting results were obtained in 
other surveys and it appeared that the 
antigen used in the USA was not 
entirely specific. Furthermore, before 
1967 many thousands of monkeys had 
been handled in biomedical laboratories 
without such outbreaks. and in addition 


experimental infection of monkeys 
proved uniformly fatal. a he natural 
cycle of transmission of ‘the virus in 
various species of animals and the 
origin’ of the infection are still under 
intensive investigation. 

The first recognised outbreak of the 
disease in Africa and the first since 
the original outbreak, occurred in 
South Africa in February, 1975. The 
primary case was a young Australiar» 
man who had hitch-hiked through 
Rhodesiae He died in a Johannesburg 
hospital and shortly afterwards his girl 
travelling “compainion and one of the 
nurses who had cared for him fell ill 
with the same disease. The girls 
recovered. Virological studies showed 
that this outbreak was caused by the 
Marburg virus. ° 

As in the original Marburg outbreak, 
when virus was isolated from seminal 
fluid 83 days after the onset of illness, 


evidence was obtained that the virus 
can persist in the body for at least 2-9 
months after the initial infection. In 
the Johannesburg episode, virus was 
ecultured after infection of the eye 
from fluid aspirated from the anterior 
chamber of the eye 80 days after the 
onset of the illness (Gear et al.. Brit. 
med. J. 4, 489; 1975). 
* + 

Ebola virus 

Three recently published papers by 
Pattyn, Bowen and Johnson and their 
colleagues (Lancet i, 569-574; 1977) 
now give details of the isolation and 
preliminary characterisation of the 
wirus responsible fer two severe and al- 
most simultaneous epidemic outbreaks 
of haemorrhagic fever in the equatorial 
provinces of Sudan and Zaire in the 
second half of 1976. The isolates were 
found to be structurally indistinguish- 
able from strains of Marburg virus 





Electron micrograph of the Zaire gaon strain of Ebola virus (courtesy aE 
. E. T, W. Bowen and W. J. , Harris). 





isolated in Germany in 1967 (Siegert 


et al. Dtsch. med, Wschr. 92, °2341; + 


1967) and South Africa in 1975, but 


antigenically the Sudanese and Zaire 
. + * 
isolates although identical to each 


other were quite distinct from Marburg. 
The prototype of thefe new Strains has 
been named Ebola, after a small river 
in Zaire which flows north of Yam- 
buku, the village of origin of the 
patient from whom the first isolate 
of the virus was obtained. Experimental 
studies in laboratory animals (E. T. W. 
Bowen, unpublished results) confirm 
the antigenic differences since previous 
immunity “to Marburg virus does not 
protect against subsequent infection 
with Ebola virus and vice versa. 


+ 
Morphology 
Marburg and Ebola viruses show no 
antigenic relationship to any other 
animal virus and morphologically they 
belong to no known virus group. 
Marburg virus contains RNA, has an 


outer envelope containing lipid, and ise 


ether sensitive. Both viruses are formed 
by budding through cell membranes 
and it has been suggested (Siegért er 
al. op. cit.) that Marburg resembles 
members of thg rhabdoviruse group. 
However, the size of the central core 
and the cross-sectional structure differs 
from that of rhabdoviruses. 

Two principal structural forms of 
Marburg virus have been described 
(Almeida et al. Marburg Virus Disease 
(eds Martini & Siegert) 85, Springere 
Verlag, Berlin, 1971): an elongated 
filamentous or sinuous form, which 
could be described as tubular; and a 
circular form in the shape of a 
‘doughnut’ or torus. 

Both forms have an overall diameter 
of 70-100 nm excluding projections on 


the outer surface and contain an 
internal helix 40nm in diameter. 


Several of the sinuous particles are 
extremely long, often several microns. 
Almeida and her colleagues suggested 
that as mature virus particles give rise 
to circular torus forms Marburg might 
be regarded as the founder member of 
a group known as the Toroviruses. 
However the predominant forms of 
Marburg and Ebola most frequently 
seen in the electron microscope in 
negatively stained preparations (Figure) 
are long tubular structures and 
since they contain RNA perhaps a 
better name might be Tuburnaviruses, 
a name suggested at an informal dis- 
cussion between K. M. Johnson and 
ourselves. Geographical names for 
diseases or their causes are also to be 
discouraged since these may be mis- 
leading, implying as they, do an 
unusual association with a particular 
country or town, and may then leĥħd 
a sinister conotation to the area, as 
+ 


in the case of Lassa, a town in North- 
Eastern Nigeria and Marburg, a 
University town in Germany. 

* 


Epidemiology 

It has now been generally accepted 
that monkeys re not the natural 
reservoirs of Marburg infection. Inten- 
sive epidemiological investigations in 
Southern Africa following the three 
cases in Johannesburg in 1975 failed to 
provide many clues to the natural 
maintenance host of the virus. Similar 
investigations in Sudan and Zaire have 
not yet uncovered the reservoir of 
Ebola virus. The Zaire and Sudan out- 
breaks involved well over 500 cases 
and at least 350 deaths. The illness was 
marked by a sudden onset of severe 
headache, fever, muscle pains and pros- 
tration, quickly followed bye profuse 
diarrhoea and vomiting and later in 
many severe cases by dramatic haemor- 
rhages, and closely resembled the illness 
described in®Germany in 1967 and in 
South Africa in 1975. The typical skin 
rash so common in white-sleinned 
patients was not so distinct in black 


Trypanosome antigens 


drom F. E, G. Cex 


INFECTIONS with African trypanosomes 
are long-lived and are characterised by 
waves of parasitaemia in which the 
parasites seen in the blood at any one 
time differ antigenically from those of 
preceding waves. This antigenic varia- 
tion is thought to be responsible for 
the prolonged infections in what ought 
to be immune hosts because, although 
the hosts make antibody to each anti- 
genic variant, they are foiled when the 
antigens of the trypanosomes change 
and each becomes effectively another 
parasite. The mechanisms of antigenic 
Variations are interesting from both 
theoretical and practical viewpoints and 
over the past few years three important 
questions have been asked. First, are 
variant antigens situated in the surface 
coat, second, if so, are they produced 
by the trypanosomes or are they accre- 
tions of host serum proteins and, third, 
do’all trypanosomes carry a range of 
variant antigens or do certain Indi- 
viduals possess one kind of antigen and 
others a different kind? In the case of 
Trypanosoma brucei these questions 
have now been satisfactorily answered. 

It is now known that the variant 
antigen actually constitutes the majority 
of the surface coat of the trypanosome 
(Cross Parasitology 71, 393: 1975; Cross 
& Johnson Biochemistry of Parasites 
and Hest Parasite Relationships (ed. 
van den Bossche, H.) 413: 1976) and 
that it is a glycoprotein consisting of a 
single polypeptide chain of molecular 
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skins. In each outbreak, be it Marburg 
or Ebola fever, attendant medical and/ 
or nursing staff became infected often 
with disastrous results. Two hospitals 
in Zaire and Sudan were brought to a 
standstill; in one hospital in Sudan 76 
staff became ill and 41 of them died. 
Direct human-to-human transmission 
was responsible for all the secondary 
infections usually brought about 
through close and prolonged contact 
with sick «patients and particularly 
through contact with patients’ blood. 
The fact that Marburg and Ebola 
viruses once they have been transmitted 
to man through this contact with afi un- 
known reservoir host can adapt them- 
selves to direct man-to-man transmis- 
sion means that these severe infections 
could easily be introduced from their 
country of origin to countries where 
the natural host does not exist. Hence 
the international concern over these 
infections and others such as Lassa 
fever. It is therefore all the more im- 
portant that detailed epidemiological 
investigations are carried out without 


delay. CJ 


weight 65,000. The different variants 
are not simply minor modifications of a 
basic type because when the amino acid 
sequences of related variants are ana- 
lysed they are found to be completely 
different from one another (Bridgen, 
Cross & Bridgen Nature 263, 613; 1976). 
So the answer to the first question is 
that not only are the variant antigens 
associated with the surface coat, they 
actually form much of it and further- 
more the successive varlants represent 
structurally  @issimilar polypeptide 
chains. Could these have come from the 
host serum? A recent paper by Taylor 


and Cross (Parasitology 74, 47: 1977) _ 


proves that they do not. When trypano- 
somes are maintained if vitro in the 
absence of host material variant anti- 
gens are still synthesised and incorpora- 
ted into the surface coat. This confirms 
the original hypothesis of Vickerman 
(J. Cell Ser. 5, 163; 1969) and refutes 
the suggestion by Desewitz Ummunity 
to Parasitic Animals 2, (eds Jackson, 
G. J. et al.) 551: 1970) that the variant 
antigen is assimilated from the host. 
Trypanosomes revert to a basic anti- 
genic type after they pass through the 
tsetse-fly vector and the subsequent 
variants appear in a recognisable 
sequence. This occurs even in infections 
initiated with single parasites (clones) 
and fhis has been interpreted as mean- 
ing that trypanosomes do not exist as 
mixed populations with different imdi- 
viduals expressing different variants but 
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lly continually change their anti- 
gens. However, experiments by van 
-Miervenne et al. (Anni Soc. belge. 
Med. trop 55, 1, 55, 25; 1976), using a 
_ fluorescent | antibody technique to 
~~ identify particular variants, have shown 
that clones rapidly become antigenically 
heterogeneous and that in every popu- 
lation there are a few individuals that 
do not bear the antigen characteristic 


of the population. These individuals. 


ere at an advantage when the immune 
response to the predominant antigen 
begins to become effective but are in 


their turn destroyed as they become 
dominant and have to give way to yet. 


other variants. 

Cross and his coworkers Suggest that 
trypanosomes express a gene for and 
synthesise a single variant antigen at 
a time. Over evolutionary time a num- 
ber of genes each coding for a particu- 
lar variant have emerged by mutation, 
been selected for and have been ac- 
cumulated giving the. trypanosomes of 
the present time a vast repertoire of 
variants which they need to survive in 
their mammalian hosts. None of thé 
available evidence contradicts this 
hypothesis and the next questions must 
be how the antigen switch is brought 
about and, when this is known, how it 
can be stopped. To those living and 
trying to raise cattle in the tsetse belt 
of Africa this is not just an academic 
question. m 


Ld ® 

Prenatal detection 
ay 

of thalassaemia 
from Sue Malcolm _ 
THE various inherited haemoglobin dis- 
orders which collectively go under. the 
name of thalassaemia are the most 
serious genetic diseases in many parts 
of the world. So the successful prenatal 
- diagnosis of both the a and B thalas- 


saemias marks a significant advance in 
their prevention. 


a thalassaemia (in which no a globin 


chains are produced) is now known to 
-be caused by the deletion of the DNA 
coding for the æ chain (Ottolenghi 


et al. Nature 251, 389; 1974; Taylor 


et al. Nature 251, 392; 1974), and 
Y.. W. Kan and colleagues in San 
Francisco have now devised a method 
of determining whether the a globin 
genes are present in foetal DNA (New 
Engl. J. Med. 295, 1165; 1976). 

The foetal DNA was extracted from 


cultured amnietic fluid cells obtained. 
by amniocentesis during the fifteenth. 


week of pregnancy and cultured for 
a further five weeks to provide enough 
DNA for analysis. Radioaetively- 
labelled a globin complementary DNA 
synthesised on a globin mRNA was 


then hybridised to the foetal DNA. The 


219 


determined. Prenatal diagnosis is pos- 


results from this technique are quite Ħsible because even in the first trimester 


clear cut but require the greatest 
precision in mixing the two DNAs’ 
and care in making the measurements. 

At the ratios of cDNA to DNA 


used there should be* three a globin | 
minus. strands (two from the. cold 
foetal DNA and one from the cDNA) 
to every two plus strands in normal. 
DNA, and therefore the radioactive. 


probe should be 66% hybridised. If 


two @ globin genes are deleted (a thal 


D. the ratios would be two minus 


strands to one plus strand, and only. 
50% hybridisation found, and if three 


genes are deleted (Hb H disease) the 
minus : plus ratio would be 3:1 and 
33% hybridisation found. If in fact 
all four @ genes are deleted in the 
foetus (hydrops fetalis) no hybridisation 
would be expected. Unfortunately the 
a globin cDNA was only 80% pure, 
the remaining sequences being B cDNA 
sọ even in a case of hyUrops fetalis 
around 20% hybridisation would be 
founde A successful diagnosis therefore 
rests on the ability to distinguish be- 
tween 20%, and around 45% hybridisa- 
tion (~125c¢.p.m.) since only the dif- 
ference between hydrops fetalis and 
HbH is clinically important. In the 


case reported Kan successfully pre-, 
dicted that the foetus examined had 


« thalassaemia I. Later, twins were 
diagnosed” and the parents had no 
hesitation jn continuing the pregnancy 
since at least one foetus was known to 
be unaffected. In the event healthy 
twins, one male and one female, were 
born. At least some of the uncertainty 
in this type of diagnosis will be re- 
moved when cloned, and therefore 
pure, human globin sequences become 
available. 

An even more serious health prob- 
lem is posed by the diseases associated 
with faulty £ globin chain production, 
8 thalassaemia and sickle-cell anaemia. 
Reports from a combined Boston and 


London study (Alter et al. New Enel. 


J. Med. 298, 1437; 1976) and from 


Kan’s San Francisco group (Lancet 
i, 269; 1977) announce encouraging pro- 


gress in the prenatal diagnosis of both 
these diseases. In both cases there is 
an error of B globin expression rather 
thanea gene deletion; in 8 thalassaemia 
no È globin chain is produced and in 
sickle-cell disease a mutant globin 
chain(Bs). Therefore analysis can only 
be carried out on cells which actually 
produce globin—the foetal blood cells. 

The biochemical problem has been 
elegantly solved. The blood cells are 
incubated with “H-leucine and the re- 
sultant globin chains analysed on 
carboxymethylcellulose. chromato- 
graphy columns. In the case of Æ 
thalassaemia the B/y globin ratio is 
measured and in the case of sickle-cell 
disease the presqnce of Bs. or Bs is 


of p egnancy 10% of the B-like chains. 
produced ‘are 8 rather than the foetal 
y globin. ; 

Serious problems in interpretation 


could arise if thé blood sample were- 


contaminated with maternal cells. The 
Boston—London group overcame this 
problem by transfusing the mother to: 


reduce her reticulocyte (globin-produc- 


ing cell) count before foetal blood. 
sampling and the San Francisco group ~ 
used anti-i serum, an antibody that — 
agglutinates foetal cells. Both groups. 
detected homozygous 2 th&lassaemia 
and homozygous sickle-cell. disease in). 
utero and their results were confirmed: 
after abortion. 

However, both groups also: faind 
foetal: blood sampling a hazardous pro- 
cedure and altogether 6 out of 55 
foetuses were lost as a result of at- 
tempting to sample foetal blood (three 
from each centre). The Boston—London 
group used placental aspiration when 


ahere was an anterior placenta and 


foetoscopy for a posterior placenta. The 
San- Francisco workers used placental 
aspiration in both cases. The Boston- 
London workers found. foetoscopy less 
hazardous and since their very. first 
attempts they have had far greater 
success. The one case in which. they 
wrongly. predicted a healthy baby was 
the result of an insufficient foetal blood 
sample. 

Although the results of the two 
groups combined gare very encouraging 
it is clear that attempts to take foetal 
blood during early stages of pregnancy 
can. be very dangerous and the con- 
tinuing use of these methods for pre- 
natal diagnosis depends on this proce- 
dure’s becoming much safer. As 
pointed out in an editorial in the British 
Medical Journal (831, 532: 1977) it 
will also be necessary to simplify the 
biochemical procedures and the ap- 
paratus involved before these tech- 
niques can be applied in the parts of the 
world where these diseases are 
common. E 


Polarity time scale 
extended by 2 Myr 


from Peter J. Smith 


WrrH the possible exception of any 
very short events remaining un- 
detected, the details of the geomagnetic 
polarity time gcale based on radio- 
metricallydated subaerial igneous rocks 
of the past 4.5 Myr have been known 
fot some time. It would now clearly be 
desirable to extend this well-established 





scale backwards, partly to increase its 
usefulness as an aid to stratigråphic 
correlation and partly to reduce the 
errors involved in matching it to much 
longer polarity reversal patterns (for 
example, from oceanic magnetic anom- 
alies and deep-sea sediment cores) based 
largely on relative dating. Unfortun- 


ately, however, this is far from easy. 


For one thing, with increasing age Sit 
becomes more and more difficult to find 
rocks which remain unaltered and thus 
not subject to geological ‘errors’ such 
as loss of radiogenic argon. But even 
where suitable material is available, 
beyond 4-5 Myr, potassium—argon ages 
have precision errors comparable to 
many of the time intervals to be re- 
solved. 

Ope way out of the latter dilemma, 
as McDougall er al. (Geol. Soc. Amer. 
Bull. 88, 1; 1977) have found, is to con- 
centrate on a long stratigraphically 
controlled sequence of rocks and rely 
on mathematical techniques to smooth 
out data points which individually 


e 


would not be sufficiently precise to, 


define polarity boundaries. The 
sequence that McDougall and his col- 
leagues chose comprised more tham 400 
successive lavas in Borarfjordur, 
western Iceland, with a total thick- 
ness (including ifterbedded sediments) 
of more than 3,500m. The palaco- 
magnetism was straightforward; most 
of the lavas gave reliable directions 
and thus polarities and a reversal 
pattern. The sucess rate for eae 
argon analysis, on the other hand, wa 
much lower. In fact, only 24 ie 
were considered suitable for dating on 
the basis of minimal alteration of pri- 
mary mineralogical phases and mini- 
mal development of secondary 
minerals. 

The selection of rocks for radio- 
metric dating is admittedly still largely 
subjective. Although fresh well- 
crystallised lavas are generally suitable 
and highly altered Mavas are obviously 
useless, there is particular difficulty in 
deciding whether or not only slightly 
altered samples should be rejected, 
especially where (as in Iceland) com- 
pletely unaltered rocks are so rare 
that°little progress could be made with 
them alone. In this case, however, there 
were ways of assessing the overall 
reliability of the results obtained. For 
example, the 24 potassium—arg&n ages 
determined by McDougall et al. were 
generally” consistent with the strati- 
graphy, suggesting them to be fairly 
good indicators of the ages of crystal- 
lisation of the lavas rather than of the 
age of any subsequent burial meta- 
morphism. Indeed, they showed no 
correlation at all with the positions of 
the rocks with Tespect to “Iceland’s 
well-mapped zeolite zones. e 

So accepting that their measured 
ages were “valid estimates, to, a first 


approximation, of the time since the 
lavas were erupted’, McDougall and 
his coworkers then proceeded to carry 


* . + . A 
out a simple linear regression analysis 


of determined age against the aggregate 
thickness of the lava-sediment sequence 
measured from® its base. Notwith- 
standing the implicit assumption here 
that the sequence accumulated at a 
uniform rate throughout, the best- 
fitting age-thickness curve gave an age 
of 3.27 Myr for the clearly-recognisable 
Gauss-Gilbert boundary. This is in 
good agreement with the well- 
established age of 3.32 Myr for this 
boundary, suggesting that both the 
basic data and the assumptions made 
in analysing them were valid. Even so. 
to normalise the data a new regression 
analysis was carried out using only 
rocks older than the Gaus$—Gilbert 
transition fixed at 3.32 Myr. 

The revised regression line together 
with the polgrity data give an age of 
5.34Myr for the Gilbert-Epoch 5 
boundary, 5.83 Myr for the Epoch 
5—Epoch 6 boundary and 6.54 Myr for 


the Epoch 6-Epoch 7 boundary. The 
Cochiti and Nunivak normal events 
within the Gilbert reversed epoch 


appear as a single event lasting from 
4.09 to 3.86 Myr ago--a failure of 
tesolution possibly arising from a hiatus 
in the eruption of lavas at the critical 
time. However, the two normal events 
in the lower Gilbert, termed C, and C: 
by Opdyke (Rev. Geophys. Space 
Phys. 10, 213; 1972), appear separately, 
covering the periods 4.45-4.33 Myr 
and 4.81-4.60 Myr, respectively. The 
names ‘Sidufjall event’ for G, and 
‘Thvera event’ for C; are now proposed. 

As for older epochs, the unnamed 
reversed event previously recognised 
within normal Epoch 5 by several 
groups of workers is now seen to cover 
the period 5.50-5.37 Myr whereas the 
unnamed normal event previously seen 
within reversed Epoch 6 covers the 
period 6.39-6.27 Myr, But McDougall 
et al. also find two further normal 


events within Epoch 6-—-very short 
ones at 6.43 Myr and = 6.12 Myr. 
Apparently these have not been 


detected previously either in marine 
magnetic anomalies or in deep-sea 
cores. ° 
No doubt some of these ages (which 
have uncertainties of 0.1-0.2 Myr) will 
be subject to amendment by subse- 
quent workers; it would be surprising 
if that were not to be so. In the 
meantime, however, McDougall and 
his colleagues have made a major 
contribution in extending the polarity 
time scale based on subaerial rocks 


back about 2Myr further than 
previous attempts. Incidentally, the 
extended scale now covers the 


Miocene-Pliocene boundary for which 
McDougall et al. propose a revised 


* 
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age estimate of §.2+0.1 Myr although 
admitting that there may be data (for 


example, . from New Zealand) incon- 
sistent with this figure. E] 


Earthquake 
prediction 


from E. R. kapwood 





The Fifth US-Japan Seminar on 


Earthquake Precursors, sponsored 
by the Japan Society for Promotion 
of Scienceeand the National Science 
Foundation, met in Tokyo on 17-19 
January 1977. It was organised by 
Professors Z. Suzuki and C. Kiss- 
linger and the proceedings will be 
published as a special number of the 
Journal of The Physics of the Earth. 





Hopes that monitoring of the ratio of 
speeds of sound and shear waves in 
stressed rock would be the key to 
earthquake prediction have been dis- 
appointed, but Japanese and American 
seismologists believe that successful pre- 
diction will be achieved. When, how- 
ever, will depend on the intensity of 
effort, on the level of funding and on 
effective international cooperation. 

in both Japan and the US the budget 
directly provided for earthquake pre- 
diction research runs into millions of 
US dollars. (The 1976 US programme 
was for $5 million, and the Japgnese— 
much greater—for $8 million not in- 
cluding salaries, Seismologists in both 
countries are hoping for increased sup- 
port in 1977. )*Especially in Japan this 
earmarked budget is to be seen against 
a background of highly efficient routine 
observations antl widespread research 
in universities. Papers presented to the 
seminar showed that understanding of 
earthquake origins and mechanisms is 
advancing on a wide front; and that 
that is essential in view of the com- 
plexity of the problems and the variety 
of possible premonitors. 

Experimental work on the behaviour 
of rocks (and other materials) was des- 
cribed by W. Brace (Massachusetts 
Institute of Technology) and’ K. Mogi 
(Tokyo University). Brace emphasised 
the important differences in behaviour 
of intact rock and ‘gouge’ (the crushed 
material created at the rough interface 
by sliding on a fault), in particular as 
regards dilatancy (expansion just be- 
fore breakdown) and its accompanying 
effects. At a huge fault with a history 
of repeated movements in recent time 
the Igyer of gouge may be very thick, 
whereas at a fault with no such charac- 
ter it fhay be thin; thus the response 
of the material just before slip on the 
fault, and premonitory signals, may be 


N Pies 





metry. When the three principal stresses 
`- are unequal the response is more com- 
plicated and more realistic, so that 
Mogi was able to describe effects very 
relevant to earthquake mechanics. 
The importance of Japanese records 
often emerged. For instance W. 
Thatcher (US Geological Survey) re- 
ported that analysis of peat layers in a 
trench cut across the San Andreas 
fault enabled movements in the past 
1,500 years to be listed, giving an 
average interval of 170 years between 
large local movements. Bat T. Mat- 
suda (Tokyo University), using Japanese 
historical records, was able to classify 
all active (that is, Quaternary) faults 
in Japan according to estimated slip 
rate and recurrence time, and to set 
upper and lower bounds.on the greatest 
earthquake to be expected on a given 
fault at a given time. Again, the recent 
discovery of anomalous uplift between 
1960 and 1974 in Southern California 
has led US agencies to allocate $2.1 
million for its observation and study. 
In Japan, on the other hand, 20,000 km 
of levelling has been covered five times 
since 1884 (except for Hokkaido) and 
geodesists are already in a position to 
detect anomalous uplifts in any part of 
the country. At present the Tokai 
region (southwest of Tokyo) has been 
designated as an “area of intensified 
observation”, partly because of in- 
creased crustal movement since 1974. 


E. Æ. Engdahl (NOAA) described 


the results obtained by himself and C. 
Kisslinger (University of Colorado) 
from two high-gain high-frequency 
seismograph networks in the central 
Aleutians. The high level of seismic 
activity and the precisjon with which 
epicentres within the net, and depths 
of foci, could be located produced 
splendid maps and cross sections, by 
- means of which the migration of 
activity could be followed, and the pat- 





tern of foreshocks and aftershocks of a 
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dicting the time of the*main event; 


moderate (m5) earthquake examined «other’physical and chemical parameters 


in remarkable detail. Equally impres- 
sive were the results achieved at the’ 
Observation Centre for Earthquake 
Prediction at Tohoku University. A. 
Takagi (Tohoku) showed graphs of the 
hypocentre (focus) distribution of inter- 
mediate-depth micro-earthquakes below 
the North-East Japan arc. He demon- 
strated a double-plane structure, sources 
lying on parallel dipping planes separ- 
ated by 30-40 km. 

S. Suyehiro (Japan Meteorological 
Agency) described the close coverage 
of the Japanese islands with seismo- 
graph stations, and plans for telemeter- 
ing and for emplacing ocean-bottom 
seismographs which in a few years 
should enable the hypocentres of earth- 
quakes of magnitude M>3 to be com- 
puted in real time (as the earthquakes 
happen). Fault-plane solutions, describ- 
ing the source mechanism, are routinely 
computed for events of M>5. Local 
seismograph networks, operated by 
variows universities, are able to see the 
fine structure of hypocentres among 
foreshocks, aftershocks and seismic 
swarms. 

But neither these agencies nor any 
other in Japan or the US has been able 
to identify regularly occurring Seismic, 
precursors. in the form of anomalous 
velocity ratios or P delays. Only for 
compressive stress in hard rock—and 
not always then--do such precursors 
appear. Moreover, Japanese seismolo- 
gists have a good deal of evidence that 
dilatancy. is confined to crustal rocks. 
T. McEvilly (University of California, 
Berkeley), in a review of the present 
state of knowledge of precursors, gave 
the following rough estimates of thresh- 
holds above which a long-term coherent 
anomaly could be distinguished from 
noise (Table 1). 

He considered that it was not yet 
possible to give a similar table for 
expected values of precursors; deform- 
ation precursors are well documented, 
but there is serious difficulty in pre- 





Table 1 


Differential magnetic field 
Electrical resistivity 
Electric field 


` Levelling 
Gravity 
Differential sea-level 
Travel times of seismic waves 
Relative P delays 


(beyond 40° and between stations within 50 km) 


 V,/¥, ratio 


e- 


(over periods of months, with good processing) 


Velocity changes from local eartlquakes 
Controlled sources : 
(explosion, air-gun, vibrator) 


Iy in 10km 

1% change in 10km œ». 
r 1+% change in 10km 

? 200% 

20°, in a few months 

Depends on local conditions 

1 in 10° 

1 microradian 


I cm in 10 km 
3 x 1078g 

2-5 cm 

Qis 

0.1 


P% 


1074-1073 


have not yet been shown to give con- 
sistent indigations; animal behaviour 
should, if it is significant, lead to 
measurable physical parameters. 

Much interest ‘was aroused by the 
paper by S. Suyehiro and H. Sekiya 
(Japan Meteorological Agency) on 
anomalous seismic activity (not classed: 
as foreshocks) before seismic events, 
and by the paper by C. Scholz (Colum- _ 
bia University), on a possible deforma- 


tion front moving across North China 


at about 110 km yr™ at the time of the 
earthquake at. Hai-cheng {Liao-ning 
province). Seda. 

Having given a pessimistic. estimate 
of the possibility of compiling during 
the next 10 years enough case stygies 
of large earthquakes of different types 
to make prediction of destructive earth- 
quakes feasible, F. Press (Massachusetts 
Institute of Technology) appealed for 
the pooling of resources in instruments 
and. men for a cooperative effort from 


China, Japan, USA and USSR—the 


countries which now exert 90% of 
relevant worldwide research effort. 

Z. Suzuki and C, Kisslinger (Univer- 
sity of Colorado), joint organisers of 
the symposium, pointed to’ the rising 
public demand for edrthquake. predic- 
tion, and emphasised the need. for 
seismologists to learn to speak intel- 
ligibly -to ordinary people... H. Ohta 
(Tokyo University) and E. Haas (Uni- 
versity of Colorado) reported surveys of 
social attitudes apd responses; from 
these it was very clear that the educa- 
tion of the public to understand state- 
ments of probability and to respond 
rationally must precede announcements 
predicting earthquakes. In fact, it must 
begin at once in countries at seismic 
risk. Cl 


Optical fibres 
at Williamsburg 


from J. Baker š 





| The Second Conference on Optical 
Fibre Transmission was held at 
Williafhsburg on 22-24 February, 
1977. 






Tue effort in fibre optics communica- 
tions technology (the transmission of 
information by light pulses travelling 
down hair-like fibres of glass) is con- 
centrating on realising on a practical 
level the, inherent advantages of the 


system—-high bandwidth, immunity 
from electrical interference, small size, 
and low cost. 





Many | reported the 
results of field 
information-carrying networks suited 
to a variety of applications. N. Shimo- 
daira (Nippon Electric Co.) reported 
the results of field tests on a high bit 
rate (400 Mbs™') optical link, the 
transmission of such high bit rates 
being made possible by two factors. 
First, the gradient of the refractive 
index in the fibre is carefully built up 
during fabrication, decreasing smoothly 
from the centre to a constant value in 
the ‘cladding. This results in nearly 
equal group velocities for the various 
propagatittg modes which each pulse of 
light excites. Second, the modes excited 
by the pulses of light are restricted to 
those of low order, thus further reduc- 
ing gthe total spread. Ga-Al-As semi- 
conductor laser diodes were used to 
launch pulses into the fibres, and 
avalanche photodiodes were used to 
detect them at the receiving end. At 
the other end of the spectrum W. H. 
Hackett (Bell Laboratories, Murray 


OF ganisations 


Hill) reported the results of tests ong 


short-haul low bit-rate (16 and 
32 Mbs“ «data links incorporating 
light-emitting diodes to launch® the 
pulses and PIN photodiodes to detect 
them. 

Information transmission by. way of 
optical links has inherent advantages 
in environments where high electric 
fields are present. T. Sekizawa (Fujitsu 
Laboratories Ltd) reported the results 
of a cooperative venture which has 
demonstrated this c@envincingly in field 
conditions, They found that the 
performance of their optical fibre links, 
which were routed through ducts 
containing power cables, were not 
measurably degraded by proximity to 
high voltages. ` 
Several papers were devoted to 
splicing: techniques. The contribution 
by P. K. Runge (Bell Telephone 
Laboratories, Holmdele and W. C. 
© Young (Western Electric) was notable, 
the connector described being moulded 
directly to the protective sheath of the 
optical fibre. The authors quoted losses 
per connector in the region of 0.4 dB. 
However it was clear that more work 
is necessary before a viable splicing 
system becomes available for general 
field use. 

In the field of fibre fabrigation a 
great deal of effort has been devoted 
to producing consistently very strong 
fibres. Both C. Kao (TT Electro- 
Optical Products Division) and C, R. 
Kurkjian (Bell Laboratories, Murray 
HYD quoted breaking strengths in 
excess of 500 k.p.s.i. for 125 um dia- 
meter. fibre by ensuring that surface 
defects and contamination of the fibres 
-during manufacture were kept to a 
minimum. Fatigue strengths of fibres 
under applied stress were also reported 


which indicated that potential. service 


tests on complete, lives greater than 20 years can be 


expected for fibre now being produced. 
* The overall impression gained was 
that optical communications systems 
are now a viable proposition for 
capacity data links. Concerning the 
future for long haul telgcommunica- 
tions, the question is now how soon? 


Short range nuclear 
forces 
from P. E. Hodgson 


EXPERIMENTS on the photo-ppoton re- 
action on oxygen from 100 to 300 MeV 
by a joint MIT-Glasgow group have 
recently provided evidence that in this 
energy range the reaction proceeds 
through the A (1232) nucleon isobar as 
an intermediate state, and it iselikely 
that this process is increasingly import- 
ant at high energies (Phys. Rev. Lett. 
38, 8; 1977). 

The experiment was carried out by 
bombarding a beryllium target with a 
bremmstrahlung beam and measuring 
the spectrum of the emitted protons. 
The differential cross sections for the 
photo-proton reactions on oxygen that 
leave the residual nucleus In its ground 
state are shown for several angles as 
a function of photon energy in Fig. 1. 

It is simplest to suppose that the re- 
action proceeds by a single-step process 
in which the incident photon interacts 
with a single proton in the target 
nucleus and knocks it out. This is indi- 
cated diagrammatically in Fig. 2a, and 
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gives the dashed curves in Fig. 1. It is 
clear that this theory, allowing for un- 
certainties in the calculations, is in 
qualitative accord with the data at low 
energies, but quite fails at higher ener- 
gies. The calculations are rather rough, 
since harmonic oscillator wave func- 
tions were used, and the distortion of 
the wave function of the outgoing pro- 
ton was neglected, but this does not 
affect the general conclusion. 

The experimental cross sections at 
higher energies are much higher than 
those given by the one-step process. 
Such cross sections can be attributed 
phenomenologically to short-range cor- 
relations due to the repulsive core of 
the nucleon—nucleon interaction or a 
microscopic model can be made in 
terms of a two-step process. One such 
process, involving the A (1232) nucleon 
isobar excited in an intermediate state, 
is indicated in Fig. 2b. Calculation with 
this process gives the full curves in the 
figure, when added to the results of the 
calculations of the one-step process 
already considered. Although there are 
differences in getail due to the approxi- 
mations made in the calculation, it is 
clear that the overall trends are quali- 
tatively* given. This provides evidence 
that the A-process can make a major 
contribution to the photo~proton cross- 
section in the 100-300 MeV region, 


and thus gives further insight into the ~ 


Structure of the short-range nuclear 
forces. C 


A hundred years ago 


THe Balloon Commission of the 
French Government, etyling itself 
“Commission pour les Communications 
par Vole Aérienne,” has become a 
Standing institution, and includes within 
its province carrier pigeons as well as 
aeronauts and balloons. 

From Nature 15, March 15, 439; 1877. 
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In recent years electronic instruments have been developed which increase very considerably our 
ability to view the nocturni scene at otherwise critically low incident light levels, by using the available - 
reflected radiation more efficiently with the aid of image intensifiers. Still other instruments employ 
sensors which are sensitive in the infraréd and convert the natural thermal radiation of any object in 
the scene into visible pictures. In this article recent technological developments in image intensification - 


and thermal image conversion are briefly discussed. 


oe 


REMOTE sensing depends on a large variety of techniques and 
finds application in a wide range of human interests. The 
techniques used may be ‘passive’ methods of obtaining 
information about a particular parameter of the environment, 
for example its local variations in emission or reflection of 
natural electromagnetic radiation. They may be ‘active’, using 
probing beams of light (as in laser radar systems and range 
finders) or irradiating the scene with X rays or ultrasound to 
obtain pictures for medical diagnosis or non-destructive 
testing. °, 

It is impossible in a brief article to present a comprefiensive 
survey of the field as a whole. Instead, the discussion has beén 
restricted to.some recent developments in two methods of 
passive sensing of the environment, using image intensification 
and tlermal imaging. Both are of particular importance at 
very low levels of incident illumination. 


Perception at very low light levels | 
In daytime the visual acuity of the eye is limited only by the 
retinal cone density and the optical aberrations of the eye 
lens'?, because the level of photon flux-is far greater than the 
level of its statistical fluctuation. On the other hand, at night 
when incident light is reduced to starlight, airglow and 
occasionally moonlight, the numbers of photons captured by 
the eye are so small that their statistical. fluctuations become 
the limiting factor. The eye will only perceive an object detail 
in the scene if it can detect the difference in illumination of two 
corresponding adjacent elementary areas on the retina. Each 
of these areas registers a number of photons, on average, during 
the integration time of the retina. The difference between these 
average numbers constitutes the photon ‘signal’, with an 
associated photon ‘noise’, caused by the statistical fluctuations 
in the numbers during successive integration ‘periods. If the 
actual numbers of detected photons become so’small that the 
photon-signal is indistinguishable from the photon-noise, then 
the eye is not able to sense the object detail. . 

As light level decreases and photon-noise becomes an 


important factor, the eye tries to compensate for the reduction _ 


in the density of photons received in a number of well-known 
ways. First, the pupil dilates to let the eye capture more photons 
from the scene-—the pupil diameter is 0.2 cm at a brightness of 
104 ed m~% but rises to, and levels off at a diameter near 
0.8 cm when the brightness is dowr*to 1074 ed m7. (104 cd m~? 





“Applied Physics Division, Mullard Research Laboratories, Redhill, 
o Surrey, UK. A 








is roughly the brightness of white paper on a bright summer’s 
day; 10-* cd m~? istoughly the brightness of a cloudy moonless 
sky at night.).. | | 

second, dark-adaptation takes place:.the cones, the sensor 
elements of the retina which are active in daylight and are 
responsible for colour vision, cease functioning at a scene- 
brightness below about 10~* cd m~*, and the rods, which are 
overloaded in d&ylight and which are not colour-sensitive, 
slowly recover and. take over. An important aspect. of this 
process seems to be the ability of the neurones associated with 
the rods to integrate the light signals produced. by the rods 
over larger areas. of the retina as the illumination level falls. 
The minimum signal-to-noise ratio required for the detection 
of a picture detail c&n thus be maintaified during a reduction 
in scene brightness by several orders of magnitude for corres- 
pondingly larger areas on the retina, leading to a gradual 
decrease in res@lving power. 

The third effect on the eye of a reduction in scene brightness 
is that the retina integrates the signal over longer time intervals, - 


Fig. 1 Typical acuity curve of the eye for a bright stimulus on a 
black background, together with a straight line expressing the 
relationship of equation (1). 
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_ Fig. 2 Typical spectral response characteristic of a dark adapted 
eye in comparison with a multialkali photocathode of the $25 
“type, and with a GaAs photocathode", The quantum efficiency 
- curye for the eye is based on the relative energy response curve of 
ref. 3, p. 73, while assuming a maximum quantum efficiency of 
8% at 0.507 um, as calculated from equation (1) and Blackwell's 
measurements. Added (@-@—@) is a typical spectral distribution 
of night sky radiation. 


up to about 0.2 s, thus again achieving the minimum signaf-to- 
noise ratio required for perception from correspondingly 
dimmer details, but now at the expense of pgrceiving movement. 
A critical flicker frequency can be defined which is linearly 
related to the logarithm of the stimulus brightness over a wide 
range of brightness values. This effect is still noticeable at much 
higher illumination levels, such as that of the fluorescent 
screen of a television receiver, where an irritating 50-cycle 
flicker can become apparent if the screen brightness is set too 
high. 

The performance of the eye, like that of any image-forming 
instrument, can be described with the aid of acuity curves, 
relating the resolving power (and thus the detection range) to 
brightness and contrast on a logarithmic scale**. If photon 
noise is the fundamenjal limitation at the lowest light levels, 
then these acuity curves can be represented there by relations 
of the type 


ey e e 
LaCt = constant (1) 


where Lm is the mean brightness (Ly = $ (Lanin + Liow) 
in cd m`”) of two adjacent object elements forming 
the detail with an optical contrast C, defined as C = 
(Linien ei Low ML nien a | Pipes i a, the acuity, 1s the minimum 
angle (minutes of arc) subtended by each of the two object 
elements at which their difference in brightness can still be 
detected, and t is the integration time. 

- The constant in the right-hand side of equation (1) can be 
written as 


7.5 x 10° (S/N) min 
Der? OP 


Fig. 3 Schematic diagram of am image intensifier tube. 
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© where Dery is the effective diameter (cm) of the objective lens 


of the instrument, 0 the quantum effigiency of the sensor and 
P the number of photons per second equivalent to | Im of 
the radiation employed; both 0 and P depend on the spectral 
distribution of the light (lcd m™ = n Im m7? ona white 
surface). (S/N)min iS the minimum signal-to-noise ratio 
required for detection of the object detail. Its value depends on 
the kiad of object detail which the detector must resolve. For 
some test objects the value of (S/N) min can sometimes be 
determined mathematically with the aid of probability theory", 
by considering the number of alternative chgices available and 
the reliability required in the decisjon. Blackwell’, for instance, 
has measured acuity curves of the eye by asking observers to 
look at a circular disk, flashed on to the screen for a short 
period in any one of eight positions, and requiring a reliability 
of 50° in the answer. For this situation it can be. shown that 
(S/N) min ~ ho; 


wed 
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‘ig. 4 Schematic acuity curve (arbitrary units) of an image detec- 

tor. The dashed line is the equation L,,a°C?t = const. At low 

brightnesses the detector is photon-noise limited; at high 
brightness the optics limits resolution. $ 


In Fig. I, a typical acuity curve of the eye is plotted from 
Blackwell’s data’ for a high-contraste(C = 1) bright stimulus 
on a dark background. The curve closely approximates the 
straight line of the photon-noise limited condition, indicated by 
equation (1), over several orders of magnitude of the light 
level Lw, with a value of Lea? equal to approximately 107%. 
if the diameter of the dilated pupil is taken to be 0.76 cm, and 
a binocular summation factor of 1.26 is assumed“ to take into 
account the use of both eyes in Blackwell’s experiments, then 
D ace can be taken to be 0.85 cm. So for t = 0.2 s and (S/N aig = 
1.5, Blackwell’s data indicate a quantum efficiency of the dark- 
adapted eye of just below 1° for ‘white’ light with | im 
equivalent to about 1.3 x [0 photons s~}. a 

At 0.507 um, where the dark-adapted eyes of young people 
have their maximum, [ watt is equivalent to 1766 im 


a maximum quantum efficiency of the dark adapted eye at 
0.507 um of about 8°, according to equation (1). To improve 
further on the capabilities at low-light levels we may turn to 
image intensifiers. : 


Image intensifiers | 

Instruments of this kind collect more photons from the scene 
with the aid of a larger lens diameter (up to tens ef centimetres) 
than that of the dark-adapted eye. They use these photons 
more efficiently, by means of sensors with a larger quantum 
efficiency than that of thé retinal receptors and a spectral 
sensitivity extending further iato the infrared region, as shown 
in Fig. 2. By so doing they take advantage of the rapid rise 
ip intensity of night-sky radiation (also shown in Fig. 2). 
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The sensors are image intensifier tubes, first suggested in a 
patent in 1928 (ref. 12) ang illustrated in Fig. 3. The output image 
can be several thousand times as bright as the image projected 
on the cathode. An important condition is that the brightness 
gain is sufficiently high to ensure that an electron created by a 
photon at the photocathode gives rise to so many photons on 
the fluorescent output screen of the tube that it will be detected 
by an observer even if not fully dark adapted. ° 

The performance of the instrument can again be described 
with the aid of acuity curves, similar to that of Fig. 4, 
approaching the photon-noise limitation at the lowest light 
levels and limited by its optecal imperfections, as measured by 
its optical modulation transfer function'*:™, for the smaller 
picture details. The main improvements over the unaided eye 
at low light levels are due to the much larger product D.,,;20P 
in e\uation (1). 

Two types of image intensifier tube can be considered for 
modern night viewing equipments, both providing sufficiently 
high brightness gain to satisfy the condition formulated above. 
The first, now well established in production instruments, uses 
so-called cascade tubes", illustrated in Fig. 5. Stngle-stage 
image intensifier tube modules are stacked in cascade, using 
fibre-optic coupling between the output screen of one module 


tf 


Fig. 5 Principle of operation of a three-stage cascade tube. 


A 





and the photocathode of the next. Each fibre-optic window 
contains millions of glass fibres with diameters of “less than 
10 pm. Up to three modules are encapsulated together, complete 
with a miniaturised wrap-around high-voltage supply unit. 

High brightness gains can also be achieved by channel 
electron multiplication’, illustrated in Fig. 6. A hollow 
tube or channel is shown, usually consisting of a glass with 
suitable electrical conductivity. When a potential is applied 
between two end electrodes an accelerating electric field is 
established down the length of the channel. An electron 
entering the cathode end of the channel strikes the wall and 
releases a few secondary electrons. These will be drawn further 
into the channel underethe influence of the accelerating field, 
and strike the opposite wall at a higher potential, thus releasing 
further secondaries. The process is repeated several times, 
giving rise to a large bunch of electrons like an avalanche 
emerging at the exit for one initial electron. 

Since the electron gain depends critically on the length-to- 
diameter ratio of such a channel and the voltage applied, it is 
possible to make the individual channels very small and stack 
them together in a mosaic or channel-plate of a few centimetres 
diameter and less than a millimetre thick. When such a plate, 
containing nearly a million channels of 10-15 um diameter, is 
placed in front of the fluorescent screen of a single-stage image 
intensifier tube, brightness gains in excess of 100,000 can easily 
be obtained. Image tubes of this kind can achieve a better 
picture quality than cascaded stacks, and lead to smaller and 
lighter instruments. In addition, channel multiplication has the 
advantage of local saturation of highlights, owing to the 
limited supply of secondary electrons available from the wall of 
each channel, This characteristic substantially reduces the 
disturbing effect of bright light-sources in the field of view 
without affecting the gain in darker parts of the scene. The 
insertion of the channel plate in the paths of the photo- 
electrons does, however, lead to a lo§s of some primary electrons 
which hit the solid web of the plate surrounding each channel, 
thus missing the entrance to one of the channels. 

Channel electron multiplier tubes can be used in sma} 


Resistive wall coating 


Primary electrons 
s 








Secondary electrons 


Fig. 6 Illustration of the process of channel electron multi- 
plication. + 


light-weight goggles, as shown in Fig. 7, and are also suitable 
for other applications. They can, for example, easily be 
combined with a television camera tube of the vidicon type to 
provide a comparatively simple approach to low-lightglevel 
television®’. In this case the high-light suppression characteristic 
of the channel tube, and the ease of providing automatic 
brightness control are important assets. Figure 8 shows photo- 
graphs taken from the output screen of a channel tube for two 
different levels of illumination and brightness gain. The picture 
taken in starlight shows clearly the scintillations corresponding 
to individual photogs. 


Thermal imaging 
An alternative approach to remote sensing of the environment 
is to use the natural thermal radiation from the scene. The 
spectral energy distribution, of this black:body radiation is 
given by Planck’s law. 

For a black body at room temperature this energy peaks at a 
wavelength of about 10 um, with very little energy below 2 um. 
Figure 2 showed that the photocathodes used in image intensifier 
tube have practically no sensitivity at wavelengths above I um. 
It is therefore not possible to convert thermal images to visible 
wavelengths with the aid of conventional image intensifier 
tubes, and it is necessary to replace photoemitters as the 
primary sensors by detectors of which the spectral sensitivity 
does extend wę]! beyond 1 pm. These can be photoconductive 
or photovoltaic cells, where absorbed individual infrared 
photons can create corresponding charge carriers in the semi- 
conductor material. Alternatively a bolometric effect can be 
used where the absorbed radiation gives rise to local changes in 
temperature of the detector material, of which a physical 
parameter with a high temperature coefficient is measured for 
every picture element. ó 

A black body of 290 K, that is with @ temperature close to 


Fig. 7 Photograph of a pair of light-weight goggles, containing 
channel image intensifier tubes. 
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Fig. 8 Photographs taken from the output screen of a channel image intensifier tube, exposure time 1/8 s, a, Starlight illumination, brightness 
gain approximately 100,000. b, Full moonlight, brightness gain less than 10 000. 


that of most objects in the natural scene, emits approximately 
{0'* photons s~ cm~? in the wavelength region up to 20 um. 
(Compare this with the 10" photons s™> em? in the visible 
region incident from the sky in sunlight or®5 x 10° photons s~ 
cm”? in moonlight.) The actual numbers of photons available 
for thermal irnaging are thus far larger than those reflected 
from an object illuminated by the night sky, and even exceed 
those reflected by sunlit objects by a substantial factor. 

In reflected light the image contrast can be very high, 
exceeding 0.99, But, because the apparent bla¢k-body tempera- 
ture of different natural objects in the nocturnal scene normally 
differs by not more than about 1 °C, the contrast in the thermal 
image will be very much lower, and depends on the wave- 
length region used. For example, if all the photons up to 
3 uin wavelength were used, then the contrast for 1°C tempera- 
ture difference would Be 0.06. This reduces to 0.03 for wave- 
lengths up to 6 um, to 0.02 up to 10 um and 0.015 for 
wavelengths up to 16 um. 

With such a low contrast, a target composed of a large 
number of smail sensors, arranged in a two-dimensional array, 
can easily give rise to a serious spatial noise, comparable with a 
‘dirty window’ effect, because of small variations in sensitivity 
and dark-current of the individual sensors, giving rise to 
variations in output current comparable to those caused by the 
thermal signal. The simplest way of avoiding this problem is to 
use one single sensor, cell*and scan the image mechanically 
across it. Spatial variations are thus completely eliminated, but 
the approach is very uneconomical in its use of the incoming 
radiation and requires high-speed mechanical scanning. 

A compromise solution is to use a linear array of sensor cells 





and scan the thermal image of the scene mechanically across 
this array in one or more sweeps by wobbling the optics, to 
constitute the frame scan. The output of each cell in turn can 
be sampled at high frequency in order to create the conventional 
video signal, By limiting the number of sensors to at most a 
few hundred, it is still possible to select arrays with only small 
differences in dark current and sensitivity of individual sensors, 
or even to correct for these. 

The performance of such thermal imaging systems, using 
arrays of # sensors, is again noise limited according to a 
relationship which can readily be derived from the one 
calculated by Chiari and Jervis** 


ATxa = constant (2) 


where ATy is the noise equivalent temperature difference, that 
is, the difference in black-body temperature between two 
object elements in the scene for which the corresponding signal 
component of the detector output current just equals the 
combined noise current of all the cells and @ is the angular 
resolution (in radians). The constant “describes system charac- 
teristics and can be written as A/D Eda a *) where D 
is once again the diameter of the objective lens Gin cm); f its 
focal length; p the number of cells scanned per second (equivalent 
to the bandwidth of the video signal) and M* the figure of 
merit of the detector material, indicating the sensitivity of the 
detector to differences of temperature in the scene. The figure 
of merit also takes into account a given atmospheric absorption 
of the infrared radiation. 

Table 1 gives typical values of 4* for a number of detector 


+ 


Fig. 9 Photographs of linear arrays of CMT cells, courtesy F. D. Morten of Mullard Limited, Southampton. a, 30-element array of CMT 
cells, I 15> x125 um. 6 As (a) mounted. (c) 192-clement array of CMT cells, 50 x 50 um. 
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systems produced in arrays, allowing for typical transmission 
at a range of 2 km (ref. 22). For the smaller values of a the just 
perceptible temperature differences in the scene, given by 
equation (2), will again be restricted by the degradation in 
resolution caused by the optical components. Equation (2) 
does, however, indicate that high-performance thermal imaging 
is feasible with linear arrays of sensor cells. Recognisable 
images of a natural scene can be formed when température 
differences do not exceed about 1 °C. It should, for example, 
be possible to obtain television-type pictures with a temperature 
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with an array of approximately 150 photoconductive cadmium 
mercury telluride (CMT) cells (M* ~ 3 10°) at 77 K, 
provided that the optics are not yet limiting the resolution. 
Sensors of this kind can now be manufactured in arrays of 
up to several hundred individual elements with sizes typically 
down to about 50 um. Arrays of 30 and 192 CMT sensor 
“elements, with leads connecting bonding pads at the edge of 
the carrier directly to the elements, are illustrated in Figure 9. 
The photographs qf Figure 10, courtesy of Mr. W. D. 
Lawson of RSRE, Great Malvern, illustrate the type of thermal 


Fig. 10 Thermal pictures obtained with 30-element CMT arrays. a, A housing estate in daytime; b, A small fishing boat at night. 
e 


resolution of 0.1 °C, together with an angular resolution of 
0.2 mrad and a total viewing angle of about 7°, for an objective 
lens with f = 30 cm and D 20 cm, a picture of 400 x 600 
picture elements and 25 frames per second, if a value for M*n' 
of about 3.67 107 is achieved. This should be obtainable 





Table 1 Typical values of M* for detector systems produced in 


arrays 
Detector systems Element Frequency M* 
available temperature (Hz) (cm-t Hz!, K~) 
CMT (30 elements) 77K 5000 4x 10° 
CMT (192 elements) 77K 5000 3x 10° 
TGS (128 elements) 295 K 800 10" 
TGS (128 elements) 295 K 125 2 x 10" 
TGS single element 295 K 800 2 x 10' 
CMT 3-5 um band 233K ° 5000 10° 
CMT 8-13 um band 233:K -6 5000 3 x 10" 





CMT, cadmium mercury telluride. TGS, triglycine sulphate. 
M * is for a 2-km atmospheric transmission path. 


picture obtainable in the 8-13-um band with 30-element arrays 
of CMT, cooled to 77 K. The angular resolution of the equip- 
ment used was 0.25 mrad, the field of view 10 4° and the 
frame rate 25 pictures per second. Arrays and individual] cells 
for thermal imaging systems with lower temperature and 
angular resolution are also commercially available. These 
include CMT cells for operation at intermediate temperatures 
of 193 K to 233 K. These temperatures can be achieved with 
the aid of comparatively small and compact thermo-electric 
coolers**, í 

A somewhat modified approach to thermal imaging with 
linear sensor arrays is particularly suitable for airborne 
photography. In this case an image of the terrain is swept 
across the sensor or sensors to trace the lines of the picture, 
whereas the movement of the aircraft provides the much slower 
continuous scanning motion in the other direction. By recording 
the video information on a film *with continuous uniform 
movement, a picture of a strif of terrain Is gradually built up 
with high temperatureeand spatial resolution". 

An interesting alternative to cooled arrays of photocells is to 
translgte the thermal image jnto a pattern of electrical charges 





on a two-dimensional target, and to gead these out with the aid 
of a scanning electron beam, as in a televisfon pick-up tube of 
the vidicon type, illustrated in Figure,11. Wherever the photo- 
conductive material, which can for example be PbTe (ref. 25) 
receives infrared radiation, charge can leak to the surface from 
the positive semi-transparent electrode underneath. The 


electron beam removes "this charge during the next scan, thus” 


creating a signal-current proportional to the local level of 
illumination, 

Instead of using a sioreconductve material, it is also 
possible to make use of the pyroelectric effect®® exhibited by 
some materials, such as for instance triglycine sulphate 
(TGS) or one of its derivatives. Thin slices of such a material 
acquire electrical charges on the surfaces, whenever the 


temperature of the material changes. This effect has led to the | 
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Fig. 11 Schematic diagram of a vidicon. 
‘ ce i “4 4: 


development of the pyroelectric vidicon?’**, Sych. a tube can 
translate thermal images of the natural scene into useful video 
signals. with temperature resolutions already down to about 
0.2 °C fora 100-line picture. 

Further. improvements of this approach: are still envisaged, 
poth in terms of target design™™ °, and more suitable pyro- 
electric materials?!=2, which might eventually make it com- 
petitive with some of the smaller linear arrays of cooled CMT 
sensors, but with the advantages of more simplicity, operation 
at room temperature and not requiring high-speed mechanical 
scanning. 

Whereas image intensification as a means for improved night 
viewing is now quite close to its theoretical photon-noise 
limited optimum performance, considerable further improve- 
ment¢ in thermal imaging techniques can still be foreseen. 
These can be expected to result partly from further advances in 
detector fabrication technology, such as monolithic sensor 
arrays prepared on chips of single crystal material**, or even 
two-dimensional arrays with® integral charge-coupled 
read-out ®*~4°, | 

Second, recent advances in signal processing, first developed 
for improving pictures obtained in the American space pro- 
gramme, can also make a major contribution to increasing the 
picture quality in thermal imaging, by means of processes like 
edge enhancement, deblurring, contrast manipulation and 
extracting small picture signals from noise”, 

Remote sensing methods of this kind, using thermal imaging, 
are likely to provide a night vision capability to military and 
security forces? at longer ranges than can be realised with 
image. intensifiers, partly also. because objects of special interest 
in the scene, like vehicles with their engines running and 


H ETA Df. & Martinelli, R 
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human bodies, are usually a few tens of degrees hotter than their 
natural surroundings. ; . 


Other applications of thermal imaging 
Thermal imaging has so far received its main stimulus as an 
alternative night viewing aid to image intensifiers for military 
applications. The thermal pictures received from the scene do, 
however, provide different information to that normally 
obtained with reflected visible light, and are therefore also 
beginning to prove their usefulness in a wide variety of other 
applications 1", These include geologicale surveys to map 
water resources, indicate potential oil and mineral deposits, as 
well as agricultural inspections to monitor crop development 
and detect early signs of crop failure due to. fungus growth or 
other diseases. ne: | : 
Other applications are in the fields of medicii $50 (thermo- 
graphy), where. it may also sometimes be useful to add 
isothermal contours to the picture?) 52, meteorology, urban 
planning, energy conservation by. optimising the . thermal 
insulation of dwellings, monitoring environmental chemical 
and thermal pollution, oceanography, astronomy, etc: In some 
cases the thermal band is divided into a number of separate 
channels to. provide multispectral data®* **, which can- be 
suitably processed and used to reproduce multicolour pictures 
in the visible spectrum, thus facilitating even further the 
identification of particular terrain features with uniquely 
different spectral characteristics. 
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The existence of tropospheric sinks for CFCs 11 and 12 
would have a large impact on projected stratospheric ozone 
effects. The existence of such sinks, distinct from no sinks, 
cannot at present be discerned from atmospheric measure- 
ments. As presently analysed, tens of years may pass before 
such a distinction would be possible. This article scrutinises 
transient mechanisms that could contribute to accomplishing 
this critical distinction in 10 yr or less. 


THE issue Of possible stratospheric ozone destruction by halo- 
carbons, and specifically chlorfluorocarbons 11 and 12 (CFCs 
11 and 12), depends sensitively upon the presence or absence of 
tropospheric sinks, as indicated by several theoretical studies! ~’ 
using steady-state and transient one-dimensional (1-D) parà- 
meterised transport calculations. These studies focus on: (1) 
atmospheric CFC mixing ratios for assumed continuing CFC 
produétion; (2) Stratospheric ozone depletion for assumed 
continuing and halted CFC production. 

Notably absent, and the subject of this article, is a direct 
examination of the information content in transient atmospheric 
CFC ratios following an assumed abrupt reduction of one or 
more CFCs. 

In analysing relatively weak €FC loss mechanisms, weighed 
against their production and atmospheric transport processes, 
the present status of the problem 1s as follows: photodissocia- 
tion losses of CFCs 11 and 12 above 30 km are generally 
established’; consensus has not been reached on the existence, 
or non-existence, of other significant loss mechanisms for 
CFCs 11 and 12%-*°; observational data!®™!! are sparse, variable 
and uncertain®4; 1-D theoretical results are uncertain and 
globally unresolved §~19-13-44; CFC production and release data 
have been extensively compiled and updated®!*; and observa- 
tional CFC mixing ratio data, sparse at present, are growing 
with increasing efforts towards absolute calibration and 
accounting of local background effects? —?. 

Estimates have been made of the potential reductions? ™™ of 
asymptotic CFC mixing ratios that could occur from other 
atmospheric loss processes acting in addition to CFC photo- 
dissociation. Many decades must pass, however, before 
asymptotic conditions will occur—even if significant tropos- 
pheric removal processes do exist. 

This article suggests previously unnoted transient mechanisms 
and trend analysis that, with appropriate development, could 
contribute to a resolution of this critical issue of tropospheric 
losses in 10 yr or less. ° 


Calculation procedure 


The purpose of our analysis is to assess the physical observa- 
bility of tentative tropospheric CFC loss processes, without*a 


e 

detailed consideration of complex chemical mechanisms. Our 
Investigative examples employ a conventional 1-D time- 
dependent representation of the Earth’s atmosphere from 0 to 55 
km with arbitrary CFC production and loss processes. Atmos- 
pheric transport is represented by the computational artefact of 
vertical eddy diffusion. The descriptive equations for globally 
averaged concentrations, C,(z,f) cm’, are given by 


aC, at = 3J dz K(z)pLAC,/p)/ a2}-+P:—L, 
i= CFCs Il andi2 | (1) 


The vertical eddy diffusion coefficients are denoted by K(z) 
and, for illustrative purposes, are assigned the values used by 


es 1 Relative tropospheric volume mixing ratios for CF,Cl, 
(CFC 12) ——-@——,, no sink; — —O— —, 10-yr tropospheric 
sink. a, Source constant after 1974; b, source = 0 after 1974. 


Relative mixing ratio 
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Table 1 CFC mixing ratio trends for the 15-20-yr interval å 
e Lifetime of 
assumed Trends for is Taa for ` : 
tropospheric source constant ource = 0 Trend ratio 
CFC e sink (yr) after 1974 ° (10 TAN oo) alter 1974 (10 yr)/(@) 
00 0.1 . —0.02 
CFCI, 10 0.06 ‘oe 3 —~0.04 ~2 
, © 0.2 l * 0.01 f 
CF,Cl a 10 ; ` i 0.08 coud r t -0,07 6-7 i 





Chang’. Comparative results with other sets of K(z) appear in 
refs 9, 15. Natural and anthropogenic CFC production? and 
loss terms are denoted by P, and L, respectively. The atmos- 
pheric nunfber density, p, is taken from the US Standard 
Atmosphere", and atmospheric mixing ratios are 


H(z) = C,(z,)/p(z,0, i= CFCs 11 and 12 (2) 
Loss gates are expressed as 
Ly =J, Ci +U/t) Cp i= CFCs 11 and 12 (3) 


The photodissociation rates, J;; are taken from Rowland and 
Molina’. The following additional CFC loss processes will be 
examined: (1) 10-yr tropospheric sink (t; = 10 yr for 0-15 Kin); 
(2) 40-yr tropospheric sink (t, = 40 yr for 0-15 km); (3) 10-yr 
stratospheric aerosol sink (t; = 10 yr for 15-20 km). 

Our calculational procedure was first applied to parameterised 
transport models with arbitrary sources and sinks by Mac- 
Cracken and Gelinas” -™, and extended to include complex 
photochemical mechanisms by Chang et al. This method of 
casting reactive transport equations into ordinary rate equations 
for fully implicit, simultaneous integration ij. space and time 
is extensively documented, with supportive motivations and 
assumptions! 733, Vertical mesh spacings of 1 km were 
used, and time-dependent release rates’ were converted to 
corresponding globally averaged, time-varying source rates in 


Fig. 2 Observed tropespheric mixing ratigs for CF,CI, ie 
12). Sources: 1, Lovelock; 2, Washington State University: 3 


Heidt et al.; 4, Naval Research Lab.; 5, University of 
California, Riverside; 6, Rutgers University: 7, EPA; 8, Goldan 
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the 0-1 km zone. Upper boundary conditions of both zero net 
flux and zero re-entrant flux at 55 km yield the stated results. 


Results - 

Cases (1}(3) focus directly on circumstances where tropos- 
pheric CFC removal processes would ‘be most immediately 
observable, that is, with inconsequential CFC production, 
relative to losses. Either abrupt source reductions or total 
curtailment of CFC 11 and/or 12 can be studied. Total source 
curtailments are used in our examples because the information 
content of governing mechanisms is most readily apparent in 
that limit. 

Our primary results are developed from Fig. 1, which presents 
the relative mixing ratios of infinite against 10-yr, tropospheric 
lifetimes for @FC 12 with: source rates continuing constant at 
1974 levels, subsequent to 1974; or production assumed halted 
subsequent to 1974, Also calculated, but not plotted, are CFC 
11 results which have the same qualitative structure as CFC 12 
results. Quantitative differences are noted in Table 1. Also, 
results for a 40-yr tropospheric sink and a 10-yr stratospheric 
aerosol sink were calculated, and lie between the 10-yr and 
infinite lifetime results. 

Our analysis now concentrates on relative trends in an effort 
to minimise the role of absolute uncertainties and poor global 
resolutign’ in observations and calculations; The following 
points can be noted: (1) Following curtailments linear trends 
are immediately established and persist for nearly a decade. 
(2) The tropospheric trend ratio (Table 1) for curtailed CFC 12 
is distinctly different (6-7 against ~ 2) from that for thé other 
cases, which may present observational and interpretive 
opportunities for distinguishing any significant tropospheric 
sinks. (3) Tropospheric trend signifigance of +10°% may be 
necessary to distinguish significant tropospheric sinks. 

Figures 2 and 3 present existing observational data that seem 
most representative of background CEC levels® 2. We present 
these -data primarily to view trend significance, which is no 
better than +(25~-50°%), even accounting for nothern-southern 
hemispheric decrements?*. In fact, because this existing trend 
data, as well as absolute CFC mixing ratio magnitudes, have 
sufficient scatter, it is possible that CFC production and release 
is greater than currently reported ane estimated® 10, 


Conclusions 

Our investigation was souned by the prospect of continued 
indeterminacy of critically significant tropospheric CFC sinks 
from absolute yses, and the practical need to make the best 
use of somewhat randomly collected, sparse and often un- 
calibrated observational data, coupled with available 1-D 
theoretical interpretations that incorporate uncertain transport 
parameterisations with no horizontal resolution. We found, 
following a source curtailment, that the trend of tropospheric 
CFC 12 mixing ratios is different by nearly an order of magnitude 
for 10-yr trophospheric sinks, against no tropospheric sinks. 
Furthermore, these calculated trends are distinct almost 
immediately following a source curtailment. Considerations for 
reducing this mechanism to practical application suggest a 
number of related points: ¢1) Concentration on tropospheric 
measurements may suffice for determining critical CFC sinks, 
irrespective of atmospheric chemistry details. (2) Tropospheric 
measurements at permanent, stationary stations would be useful 
fOr trend analyses, preferably at several northern and southern 
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Fig. 3 Observed tropospheric mixing ratios for CFCl, (CFC 
11) Sources 1-7, as in Fig. 2 legend. 


Jatitudes, with many observations taken daily. Siting should 
maximuse the probability of measuring CFC background levels. 
(3) Observations at each station should include selected ¢ropo- 
spheric altitudes, and an array (north, south, east and West) of 
horizontal sites which may provide a needed measure of local 
effects. (4) Meaningful trends, inclusrve of seasonal variations, 
could be evaluated station by station, and further processed for 
both latitudinal and global significance. (5) Absolute calibration 
for CFC measurements should be established. (6) Natural 
variabilities in trend data could prove to be too large for 1-D 
analysis to apply with ‘adequate sensitivity for an explicit 
determination of possible tropospheric FC sinks. If so, this 
realisation would be of greatest value earlier, rather than later. 
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Since this avenue, of dyaamıc analysis is only now put forth 
for CFCs, a substantial amount of possible future investigation 
comes immediately to mind. More incisive considerations of 
CFC data significance and interprétability may be accomplished 
by analysis of local, meridional and hemispheric trends, in 
gssociation with global evaluations. These considerations may 
extend to further analysis of dynamic responses to effective 
eddy diffusivity variations in 1-Dand 2-D, togeneral atmospheric 
circulation mechanism and to natural radiative variations? 3%, 

Several circumstances of gradual against abrupt changes in 
CFC production, release or substitutions remain for extended 
investigstion. Correlated and anticorrelated trends of possible 
CFC substitutions could offer very effective filtering of absolute 
uncertainties, consistent with the mechanisms presented above. 

We thank Dr J. D. Mahlman for helpful discussions. 
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In cases of Bos thalassaemia from Ferrara, Italy, the B-globin 
gene is transcribed into mRNA but no protein is synthesised. 
For these cases there is no hybridisation data suggesting a 
globin gene structural mutation, This again demonstrates the 
diverse molecular events which may cause this prevalent 


hereditary disease. . 


B-THALASSASEMIA 1S an hereditary anaemia in which there 1s an 
excess of a-globin over B-globin chain synthesis. In homozygotes 
for B,-thalassaemia no B-globin 13 synthesised, and active 
haemoglobin is only obtained by the compensatory synthesis of 
5- and y-globin chains, The wide geographical distribution and 
varying clinical severity of f-thalassaemia indicates the 
existence of several different lesions at the molecular level, 


232 
each of which could give rise to, the reduced omae of 
B-globin chainst. > 

Several cases of Bo-thalassaemia have been EN for 
which there is an absẹnce or reduction in B-globin messenger 
RNA (mRNA,) (refs 2-6), as judged by protein synthesis i in a 
cell-free system or by DNA-RNA hybridisation. Cases from 
Ferrara, Italy, seem tO differ from this more usual pattern, 
in that it has been reported that B-globin chain synthesis can 
be activated in reticulocytes both in viy after transfusion and 
in vitro by the addition of post-ribosomal supernatant from 
normal reticulocyte lysates?-*, But so far it has not been 
demonstrated conclusively by direct measurements that 
mRNA, is present in such a patient.. 
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Fig. 1 Globin synthesig i in whole cell incubations of reticulocytes 
from two Ferrara patients. In both casé&s reticulocytes were 
incubated with *H-leucine for 1 h at 37 °C; chain isolation and 
analysis were carried out on carboxymethylcellulose columns as 
described previously*. Carrier adult glob was,added ın one 
case (a, patient FR); ın the other case (b, patient AS) the position 
of the B- and 6-globin peaks- were determined in a parallel run. 
In both patients, as for the other cases examined, less than 1-° 

of the total amino acid incorporation into globin chromatographs 

with the B-globin peak. These experiments were performed, in 
some cases, simultaneously ın ae laboratories with identical 

resuits. 


Techniques for preparing complementary DNA (cDNA) 
probes which can be purified for homology for B-globin genes 
and mRNA* have enabled us to assay directly by hybridisation 
for mRNAs in several patients with Ferrara thalassaemia both 
before and after transfusion. Significant levels of mRNAs, 
(up td 12%) have been detected in circulating reticulocytes of 
patients for whom globin chromatography demonstrates the 
absence of f-globin chain synthesis. The level of B-globin- 


specific mRNA sequences in nuclear RNA from the one patient | 


studied is higher still, between 20 and 30%. Ferrara thalas- 
saemia thus differs in molecular pathology from many southern 
Italian anti Asian f,-thalassaemias, for which the f-globin 
gene is present but no detectable mRNA is found in the reti- 
culocyte’, and from South-east Asian o,-thalassaemia, which 
is caused by an a-globin gene deletion®?°. In other cases of 
B,-thalassaemia mRNAs is present, but cannot be translated ®*:?’, 

The conclusions drawn from the DNA-RNA hybridisation 
experiments will depend on the total absence of B-globin chain 
synthesis in the cases studied. In each case the total haemoglobin 
prepared after red-cell lysis was chromatographed on Amberlite 
and haemoglobin F was eluted#!. The remaining haemoglobins 
A and A, were eluted separately and estimated by absorbance. 
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The sensitivity of this technique allows estimation of as little 
as 0.2% haemoglobin A in the presence of haemoglobins 
F and A,. In several cases studied the circulating~red blood 
cells were incubated, with *H-leucine as previously., described’ 
and the globin chains were extracted and separdted. on car- 
boxymethylcellulose!*. This technique is less sensitive but makes 
possible a direct estimate of B-globin synthesis; as little as 
approximately 1°% B-globin chain can be detected. 

In F> cases described here there was no haemoglobin A 
detected on Amberlite chromatography (AS, FR, FB, SM, 
AM, GC) or on paper electrophoresis (PS) before transfusion. 
Globin chain chromatography alo demonstrated the absence 
of B-globin chain synthesis (Fig. 1). Therefore it can be con- 
cluded, in agreement with our previous findings, that by normal 
rigorous criteria these patients have a B,-thalassaemia}?; ys and 
-globin synthesis occurs but no B-globin chains are made. 

cDNA was prepared as previopsly described using human 
globin mRNA as template, oligo(dT) as primer, avian 
myeloblastosis virus RNA-dependent DNA polymerase as 


° DNA hybridised 





0 4,000 8,000 12,000 16,000 
RNA/cDNA af(-@—) ` : 
0 80,000 160,000 , 


RNA/eDNA BC, short pi abe, ~ p—, full length probe) 


Fig. 2 Titration of cDNA, and cDNA „p with Ferrara thalas- 
saemia reticulocyte RNA. RNA was Beg pared from ribosomal 
materials? or by direct phenol-chloroform extraction of total 
circulating red cells as described before**. Each RNA sample 
was titrated with cDNA, , (CDNA,, approximately 55-60%; 
cDNA p, approximately 40-45%) prepared from normal adult 
reticulocyte globin mRNA, and with cDNA, (approximately 
80-85% pure) prepared from HbH disease (a-thalassaemia) 
reticulocyte globin mRNA: The specific activity of ‘short’ and - 
full size cDNA upu (CDNA 9). and the cDNA, used as probes 
was 14,000 c.p.m. ng at a counting efficiency of 30%. In the 
hybridisation conditions used plateau levels are reached between 
70 and 80% with normal globin 9S RNA. A constant amount of 
cDNA «ap or cDNAs .(18-35 pg) was hybridised with increasing 
amounts of Ferrara ti o reticulocyte cytoplasmic RNA, ina volume 
of 1-2 ul of 5Q% formamide, 0.5 M NaCl, 25 mM HEPES. buffer, ` 
pH 6.8, 1 mM EDTA, containing E. coli RNA (2.5 mg mi5). 
Samples were sealed in silicone-coated glass capilliaries, and 
incubated at 43°C for 12-14 d. The percentage of cDNA 
hybridised was determined by assay with single-strand-specific 
S1 nuclease, followed by perchloric acid precipitation of 
hybridised material. Further details are given in previous 
ublications*®*15, The ratio MRNA,:mRNA, was calculated 
y adjusting the abscissa until the initial portions ‘of the hybridisa- 
tion curves were superimposable, and (after adjusting for the 
amount of cDNAg present in the cDNAg, p) taking the ratio 
from the magnitude of this adjustment. With normal adult globin 
mRNA the mRNA ,:mRNA, ps pe by this technique 
is a perce "0. 65. the ratio 
RNA ARN A, is 0.05-0.07. Caleiistces made from initial 
slopes of hybridisation gave similar values; When the amount 
of B-mRNA i in a preparation: (relative to a-mRNA) is as low 
as 1-20% the initial slope of the hybridisation of the cDNA, p. 
e essenti y reflects the hybridisation of the cDNA, component. 
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Fig. 3 Titration of bone marrow total nuclear and cytoplasmic 
RNAs. Cytoplasmic (a) and nuclear (b) total RNA was prepared 
from iliac crest bone marrow using a citric acid procedure as 
described before and titrated with cDNA „ap and cDNA, 
(short probe) as described for Fig. 2, In “this case (SM) 
the ratio cCDNA,’cDNA, is 0.10-0.15 for cytoplasmic RNA 
and 0.20-0.30 for nuclear RNA The ratios required for satura- 
tion are much higher for bone marrow than for reticulocytes 
because of the considerably lower proportion of globin MRNA 

: ' present”, ° 


f d - 9 


tt 
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is already increased to amon ay 80-85% (mRNA,)- 
These mRNAs wêre transcribed to give cDNA. g and 
CDNAuoeu, which were used directly as probes for mRNA, 
and MRNA, sequences in various RNA preparations from the 
patients with B,-thalassaemia (Ferrara). The proportion of 
mRNA, relative to mRNA, was estimated by comparing the 
ihitial slopes of the hybridisations with the cDNAs by adjusting 
the scale of the x axes to make the two hybridisation curves 
superimposable. The gintransfused patients studied (three 
cases) showed mRNAs levels from 2 to 12% in reticulocytes 
as a proportion of mRNA, (Fig. 2). In four patients mMRNAg 
was determined 3-4 weeks after transfusion, when B-globin 
synthesis was demonstrable in intact reticulocyte incubation. 
In three of these cases the reticulocyte mRNAg levels were 
between 10 and 20%. In the fourth case a bone marrow sample 
was examined; the proportion of nuclear RNA’ sequences 
hybridising to cDNAg was found to be two or three times 
higher than in cytoplasmic RNA (Fig. 3). The level of mRNAg 
in the circulating reticulocytes of the same patient 5 weeks after 
transfusion, when 6-globin synthesis in intact erythrocytes had 
become undetectable, was 2%. The results are summarised in 
Table 1. j 

The methods for estimating the absolute amounts of mRNAs 
relative to mRNA, are somewhat imprecise, particularly 
because the calculation depends on the difference between 
hybridisation to cDNA, and to cDNA,,; and might give a 
maximum error of ag much as 30% for each value determined. 
But the fact that the hybridisations go to completion compared 
with hybridisations to normal reticulocyte RNA for each 
probe at usual Jow RNA: cDNA ratios demonstrates the 
presence of sequences indistinguishable from mRNAg by 
hybridisation criteria in cirgqulating reticulgcytes from these 
cases of B,-thalassgemia In this respect we wish to stress that, 
even when a full size cCDNAgpx, is used, protection of this 
probe from S, nuclease to the same extent as with normal 
mRNA, ,s 1s obtained. Even allowing for errors, the mRNAs 


Table 1 mRNAB content for different patients 


Patient at 
B AHbA* | 
Never transfused 
AS <0.2 
e FR < 0,2 
e AM <0.2 
% B-Globin 
Transfused synthesis 
’ PS 31.3 
O FB§ ' 22,5 
e : 14.4 
GC n 30.8 
SM 18.5 


%mRNA pt 
(in reticulocytes) 
10-12 
2-35 
2-3 (5-7f) 


(in reticulocytes) = 


10-20 

12-50 % mRNA at 

15~20 in bone marrow cells 
cytoplasm nuclei 


` H-5 
~—e i 10-15 20-30. 


B-Globin synthesis was determined 3-4 yes after transfusion in intact reticulocyte incubations’. ihe values reported are relative to 


a-giobin synthesis. 
* Relative to total haemoglobin. 
+ Relative to mRNA.. 
t Determined on RNA extracted from ribosomal material’. 


In all experiments reported’ CONAnsy hybridisation went essentially to completion (68-80%). 


§ Determinations were on blood samples taken after two different transfusions. ° 


enzyme, and *H-dCTP as the only labelled deoxynucleotide 
triphosphate*->*15-16, For most of the experiments reported, 
‘short? cDNAs (complementary to the 3’-end half of the mRNA) 
were prepared; however, in a few jnstances full size cDNAs 
were used. Human globin mRNA was obtained from 
reticulocytes from a subject with a hon-thalassaemic haemolytic 
anaemia (MRNA,.,) and from a patient with haemoglobin H 
disease (a thalassaemia), in which the proportion of mRNAge 


levels determined are very much higher than the maximum level of 
B-globin chain synthesis which might have remained undetected, 
if any, in the untransfused cases (Fig. 2). No mRNA, could 
be detected in identical experiments rum in parallel with 
cytoplasmic RNA -from two rfon-Ferrara tases of B,-thalas- 
saemia, one of which wag examined'3-4 weeks after transfusion®; 
levels of less.than 1% of B-mRNA-like sequences have been 
found consistently in a series of 10 B,-thalassaemic patients of 
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non-Ferrara origin (P.C., B.G. ,and S.O., unpublished 
observations); thus a contribution of mRNA, to hybridisation 
could not explain the results obtained, as the haemoglobin A, 
levels were similar in gl] cases. 

The thermal stability of the hybrid between Ferrara RNA 
(from transfused and untransfused patients) and cDNAppu 
was 2°C lower than that of the hybrid between normal 9$ 
mRNA and cDNAgou (Fig. 4). This confirms that the hybrid- 
isation observed is due to MRNAsg sequgnces or sequences very 
similar to mRNA,; the smooth form of the melting curve 
argues for accurate hybrid formation along the entire sequence. 
The nucleotide divergence corresponding to a AT,, of 2 °C is 
between 0.5 and 1.091% —*!; however, the authors are not sure 
the difference is significant, as thalassaemic mRNA samples 
are often degraded owing to difficulties in collection. An effect 
on melting temperature of this magnitude has been demonstrated 
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Fig. 4 Melting profiles of normal and Ferrara globin mRNA to 
cDNA ,;. 20 pg ‘short? cDNA ppu were hybridised in individual 
capillaries with 400 pg normal globin 9S RNA or either 0.9 ug 
total RNA (AM, ribosomal) or 5.6 pg total RNA (GC) in 1 yl 
hybridisation buffer at 43 °C for 13 d. Both AM and GC were 
shown to be B, thalassaemics by Amberlite chromatography. 
Atethe end of the incubation, capillaries were heated to the 
indicated temperature, quickly cooled to 0 °C, diluted with SI 
nuclease assay buffer and frozen until assayed with SI nuclease. 
Data are expressed as percentage of maximum hybridisation 
obtained; background S1 resistance is subtracted. In this ex- 
perrment CONA npu hybridised t073% with normal 9S mRNA 
and to 65% with Ferrara thalassaemia RNA @ and W, Normal 
RNA;O, RNA from GC; 1, RNA from AM. 


for the hybridisation of short rabbit globin mRNA transcripts 
to cDNA®*. The melting behaviour of a cDONAs—-mRNA; 
hybrid is not yet known. 

Hybridisation to chaim-specific cDNA demonstrates, the 


presence of homoldgous MRNA sequences, and because there . 


is little evidence of cross hybridisatign in the globin gene 
system‘'®, these sequences demonstrated with cDNAg arise 
from transcription of the B-globin gene. In the cases considered 


-a 
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at least some complete B-globin mRNA molecules must be 
present, for full size CDNAjpx can hybridise to completion to 
Ferrara mRNA. 

Attempts to demonstrate synthesis of B-globin directed by 
isolated mRNA in a heterologous cell-free system have been 
disappointing, although Pritchard et a/.*, using RNA from 
patient BS, reported the synthesis of a fraction with the 
chrorfatographic characteristics of B-globin chains. Because of 
insufficient radioactivity in the peptides Pritchard et al. 
were not able to identify the peak which chromatographs with 
B globin unequivocally by fingerprint analysis. Further experi- 
ments to this end will be undertaken when enough Ferrara 
thalassaemia MRNA becomes available. 

In Ferrara thalassaemia, apparently normal mRNAg 
found in erythroid cells which hybridises to cDNAg, can be 
activated in vitro by the addition of normal post-ribosémal 
supernatant’ and can be activated in vive by transfusion with 
normal blood®; the latter finding has been confirmed in the 
patients studied in the work reprinted here. The untranslated 
B-globin mRNA apparently decays faster than normal, as 
indicated by the higher level of mRNA, found in bone marrow 
relative to reticulocytes; and by the lower levels of reticulocyte 
mRNAs found when there has been no transfusion with 
respect to post-transfusional conditions, when B-globin synthesis 
occurs. It has been shown that high levels of untranslated 
mRNAg are present in Bo-thalassaemia among Americans of 
Chinese desc&nt?*, while some 5f,-thalassaemias and hereditary 
persistence of foetal haemoglobin are caused by gene 
deletion! ™-25, There are many ‘cases of B,-thalassaemia where 
the gene for B globin is present but mMRNAg is absent (ref. 5 
and P. Tolstoshev, and S.O., unpublished observations). 

B. Forget (personal communication) has reported similar 
findings recently, using RNA extracted from samples of blood 
from one of the patients described here. Ramirez et a/.* have 
reported the isolation: of, mRNA from Ferrara. .thalassaemic 
bloods which hybridises incompletely with cDNA, and have 
postulated a structurally abnormal mRNAg, which does not 
hybridise to completion. Our results do not agree with theirs. 
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clinical colleagues for help in obtaining pathological materials, 
and Dr J. Beard for purified reverse transcriptase. The Centro 
di Studi Biochimici sul Morbo di Cooley, Cassa di Risparmio di 
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5’-Terminal structure and mRNA stability 
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Reovirus mRNA$§ with 5'-terminal m’GpppG™ or GpppG 
are more stable than mRNA containing unblocked ppG 
5'-ends when injected into Xenopus laevis oocytes or 
incubated in cell-free protein synthesising extracts of wheat 
germ and mouse L cells. The greater stability of mRNA with 
blocked 5’ termini is not dependent upon translation but 
seems to result from protection against 5'-exonucleolytic 
degradation. 





Mosr eukaryotic mRNAs including reovirus mRNA contain a 
blocked, methylated 5’-terminal ‘cap’, m’G(5)ppp(5))X (ref. 1). 
The presence of this structure is required for efficient translation 
of reovirus mRNA in a wheat germ protein synthesising ex- 
tract*, It also facilitates the function of other viral and cellular 
mRNAs in cell-free systems derived from animal and plant 
cells*-’. The cap acts at the level of initiation’, apparently by 
promoting the formation of ribonuclease-resistant, stable 
complexes between mRNA and ribosomes®’’. 

It was of interest to determine whether the stability of mRNA 
is also affected by its 5’-terminal structure. Several eukaryotic 
mRNAs were previously found to be more stable after micro- 
injection into Xenopus laevis oocytes than ribosomal RNAs" 
which have phosphorylated, unblocked 5’ ends. Capped mRNAs 
can be ‘unblocked’ by B-elimination, that is, chemical removal of 
the 5’-terminal m’G. Although this procedure decreases tHe 
translation of treated mRNA, it also alters the 3’ terminus and 
possibly internal sites in the RNA chains. In an attempt to avoid 
these oomplications in studies on the role of the cap in eukar- 
yotic protein synthesis, we established conditions for the 
selective in vitro synthesis of reovirus MRNA with 5’-termini of 
three different types: unblocked (ppG), blocked (GpppG) and 
capped (m’GpppG®) (ref. 11). We report here that reovirus 
mRNAs with blocked or capped 5’ termint are more stable than 
unblocked or B-eliminated virak mRNAs in YX. laevis oocytes 
and protein synthesising extracts of wheat germ and L cells. In 
reticulocyte lysates, however, the mRNAs are similarly stable. 
In addition, the results suggest that unblocked mRNA is 
degraded exonucleolytically from the 5’-end. 


Increased stability of reovirus 
mRNA containing blocked 5’ termini 


Radioactive reovirus mRNAs were synthesised in the presence of 
a-°2P-UTP under previously specified conditions" designed to 
obtain molecules with predominately (>93%) one type of 
5’-end In addition to the three types noted above, viral mRNAs 
with 5’-terminal pppG and pppG™ were prepared by §-elimina- 
tion of blocked and capped mRNAs, respectively. For stability 
measurements, °2P-labelled samples were microinjected into X. 
laevis oocytes’®. At the indicated time intervals, the oocytes were 
homogenised and the lysates analysed for total and acid- 
precipitable radioactivity. mRNAs with blocked 5’ termini were 
apparently more stable than those with unblocked, phosphory- 
lated 5’ ends (Fig. 1). For example, 8 h after injection of mRNAs 
containing GpppG or m’GpppG", ~55% of the intracellular 
radioactivity remained acid-precipitable. By contrast, values of 
20-25° were obtained for the three mRNA samples with 

unblocked 5’ termini, that is, ppG, pppG and pppG®. 
Radioactive material was re-1solated from oocytes at intervals 
after injection of *P-labelled mRNA and analysed by sedimenta- 
6 


tion velocity centrifugation. At each time the acid-precipitable 
radioactivity was present mostly in full-length viral mRNA 
rather than RNA fragments. Sedimentation profiles of the 
untreated samples obtained before injection into oocytes 
included the large (1), medium (m), and smal! (s) size classes of 
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Fig. 1 Degradation of reovirus mRNA injected into X. laevis 
oocytes, Reovirus mRNA was synthesised én vitro by the virion- 
associated RNA polymerase in the presence of a-*'P-UTP in 
conditions! that yielded °*P-labelled products (final specific 
activity = 1.2 x 10*c p.m. per ug RNAQg containing 5’-terminal 94% 
ppG (with 6% GpppG), 93% GpppG (with 7% ppG), or >94% 
m’GpppG™. Aliquots of the last two samples were oxidised with 
periodate and treated with aniline to obtain mRNA with 
5’-terminal pppG and pppG™ (ref. 21). The B-elimination was 
>90% complete as monitored with *H-methyl-labelled mRNA. 
RNAs were purified by Sephadex G-100 gel filtration, passed 
through sterile 0 22-um filters, reprecipitated with ethanol and 
dissolved in H,O at concentrations of 3.3 ug l~. For each tyme 
point, 10 oocytes were injected with 50 nl of RNA solution per 
oocyte and irftubated at room temperature in 5 ml of amphibian 
media consisting of 15 mM Tris buffer pH 7.4, 88 mM NaCl, 
1.3 mM KCl, 0.7 mM CaCl, and 0.8 mM MgCl, as suggested by 
Dr L. Burzio, Rockefeller Yniversity. At the indicated times, 
oocytes were removed, washed three times with 2 ml of media, 
resuspended in 0.2 ml of 50 mM Tris-HCI, pH 7.6 containing 
0 1 M NaCl, 5 mM EDTA, and 0.5% sodium dodecyP sulphate 
and homogenised in a Dounce homogeniser. The lysates were 
extracted with an equal volume of redistilled, H,O-saturated - 
phenol, centrifuged (3000 r.p.m., 10 min), and the aqueous layers 
were assayed for total and acid-precipitable radioactivity by 
counting aliquots directly 1n Aquasol and on Millipore filters after 
precipitation in 5% trichloroacetic acid. Because the recovery of 
intracellular radioactivity varied (23-79 % of the estimated amount 
of micro-injected mRNA) presumably due to leakage, values 
were normalised by expressing them as a percentage of recovered 
cpm. that were acid-preciprtable. mRNAs with 5’-terminal 
m’GpppG™ (@), GpbpG (O), ppG (A), pppG™ (@--@) 
and pppG (© - - O). 
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Fig. 2 Sedimentation analysis of reovirus mRNA before and 
after incubation in oocytes or wheat germ extract. a, MRNA 
synthesised in the presence of a-?*P-UTP was purified by gel 
filtration and sedimented in 5-30% glycerol gradients (20 mM 
Tris-HCl, pH 7.6, QI M‘NaCl, | mM EDTA; SW4!-33,000 
r.p.m., 16h). Fractions of 0.4 mi were collected and counted in 
Aquasol. b, The mRNAs containing different types of 5’-ends 
were injected into oocytes, reisolated after 8 h and analysed as in 
(a). c, Blocked and capped 5’-ends of mRNA were converted to 
5’-pppG and pppG”, respectively, by B-elimination™. The treated 
mRNAs were sedimented before (pppG™, @; pppG, O), and 
after incubation (pppG™, HE; pppG O) for 8h in oocytes. d, 
mRNAs synthesised with a-?*P-UTP (1 ug, 46-55 x 10°? c.p.m.) 
were incubated in wheat germ extract for 10 min a626 °C. Radio- 
activity was then recovered by phenol extraction and analysed as 
in (a). For panels a, b and d, mRNAs with 5’-terminal m’GpppG® 
(@); GpppG (O); ppG (A). 


reovirus MRNA and no slowly sedimenting material (Fig. 2a). 
Following incubation there was a progressive reduction in the 
proportion of radioactivity in viral mRNA and a corresponding 
increase in low molecular weight material which was acid- 
soluble. At all times, however, the fraction of radioactivity 
sedimenting as intact mRNA was greater for the samples that 
contained blocked „as compared to unblocked 5’ termini. This 
can be seen in the sedimentation patterns of samples extracted 
8 h after injection (Fig. 24). Sixty per ¢ent of the radioactivity 
in the mRNAs with 45’-terminal m’GpppG® or GpppG sedi- 
e e ' 
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mented in the 1, m and s positions whilé less than 20% of the 
mRNA containing 5’-ppG remained undegraded. Similar 
results were obtained with B-elimindted mRNAs containing 
pppG™ and pppG at the 5ends (Fig. 2c). Although the 
chemically-treated RNAs were not resolved into the three size 
classes, possibly because some chains were nicked during 
B-elimination, the preparations before injection contained very 
little radioactivity sedimenting at the top of the gradient. By 
8h after injection, more than 75% of both RNAs had been 
degraded to slowly sedimenting material. Since mRNAs 
terminating in pppG™ and ppG showed similar rates and pat- 
terns of degradation (Figs 1, 2b and.c), an increase in the number 
of 5’-phosphates and 2’-O-methylation of the 5*-terminal residue 
did not stabilise the mRNA. 

Degradation of the various mRNAs in each case resulted in 
low molecular weight products and no skewing of the mRNA 
peaks, suggesting exo- rather than endonucleolytic cleavage. 
This effect can be seen most clearhy with mRNA that had not 
been chemically treated (Fig. 26). Allende et a/.!° also observed 
that the stable fraction of Dictyostelium mRNA extracted from 
Xenopus gocytes 24h after injection cosedimented with unin- 
jected marker mRNA. Our findings that the 5’-unblocked 
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Fig. 3 Analy®s of 5’-terminally labelled mRNA after incubation 
in oocytes. a, Reovirus MRNA was synthesised i vitro in the pre- 
sence of B,y-?*P-GTP, S-adenosylhomocysteine and inorganic 
pyrophosphatase to obtain products with 5’-terminal Gpp*pG 
(ref. 11). The purified mRNA was microinjected (a total of | ug 
and [6,000 c.p m. into 50 oocytes), incubated for 9h, re-ex- 
tracted, digested with P, nuclease and alkaline phosphatase and 
analysed by paper chromatography in isobutyric acid—0.5 M 
NHOH (10/6 v/v)!*. b, 2H-methyl-labelled mRNA containing 
5‘-terminal m’GpppG™ was injected (50 oocytes each with 50 nl, 
0.08 ug, 1,200 c.p.m.) and after 24h was re-tsofated, digested 
with P, nuclease and phosphatase and analysed by high voltage 
paper electrophoresis at pH 3.5 (ref 12). The enzyme-resistant, 
*H-labelled blocked structures migrating as a peak close to pG 
were eluted, digested with nucleotide pyrophosphatase and phos- 
phatase and re-analysed by efectrophoresis (60 V cm, 45 mun). 
Marker compounds were located unde: ultraviolet light, and 
I-cm strips were cut and counted in toluene-based scintillant#*. 
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mRNAs are less stablé than blocked mRNAs, together with the 
earlier report!®, suggest that mRNA degradation in oocytes 
occurs from the 5’-end by an exonucleolytic, processive 
mechanism. 

Studies of the fate of eukaryotic mRNAs in X. laevis oocytes 
showed that puromycin treatment decreased stability, and it 
was proposed that association with ribosomes affords some 
protection of mRNA against nucleolytic degradation'®. Because 
methylation of reovirus MRNA promotes initiation complex 
formation in vitro, we tested whether the 5’-terminal GpppG 
in injected viral MRNA was converted to m’GpppG‘™ by 
methyl transferase(s) in oogytes. MRNA was synthesised with 
B-y-®2P-GTP as radioactive precursor in order to label specific- 
ally the blocked 5’-terminal structure, Gpp*pG (refs 11, 12). In 
the synthetic conditions used!'!, the mRNA contained 5’- 
Gpp*pG (93%) and small (7%) amounts of 5’-p*pG. The 
RNA was injected into oocytes, recovered after 9 h and analysed 
as described in the legend to Fig. 3 to identify the 5’-terminal 
structure. About 40°, of the °*P-labelled, blocked 5’-termini 
remained unmethylated and migrated in the position of GpppG 
(Fig. 3a). The rest of the Gpp*pG 5’-ends were methwated, 
however, and enzyme treatment of the mRNA yielded a mixture 
of m’Gpp*pG and m’Gpp*pG"™. We conclude that A. laevis 
oocytes, like protein synthesising extracts from plant and animal 
cells?4-*, contain enzyme activities that methylate the 5’-end of 
reovirus mRNA and presumably other mRNAs as well. 
Because the blocked reovirus mRNA in oocytes was only 
partially methylated at the 5’-end (~ 60% conversion of GpppG 
to m’GpppG™ at 9 hr), this event cannot account for stability 
since the degradation kinetics of unmethylated, blocked mRNA 
and capped mRNA are almost identical during the 24 h after 
microinjection and both mRNAs are equally more stable than 
unblocked mRNA (Fig. 1). Consistent with this conclusion, 
blocked mRNA was also more stable than unblocked mRNA in 
wheat germ protein synthesising extracts in conditions that 
prevented methylation. . 

In order to determine if caps in mRNA turn over, reovirus 
mRNA synthesised in the presence of 3H-methyl-S- 
adenosylmethionine and labelled exclusively in the 5’-terminal 
m’GpppG” was injected into oocytes. After 24h, the RNA 
was réisolated, digested with P, nuclease and phosphatase, and 
analysed by paper electrophoresis'?, Over 90% of the radio- 
activity migrated in the position of blocked structures (data not 
shown). This material was eluted, digested with nucleotide 
pyrophosphatase and alkaline phosphatase, and re-analysed by 
electrophoresis (Fig. 3b). Radioactivity was equally distributed 
between two ?H-methyl-labelled components migrating in the 
positions of 7-methylguanosine (m’G = 3,680 c.p.m.) and 
2’-O-methylguanosine (G™ == 3,690 ¢.p.m.). Thus, both methy- 
lated residues in caps were conserved and the 5’-terminal m'G 
did not turn over following injection of reovirus mRNA into 
X. laevis oocytes. Although an enzyme activity that cleaves 
m’G-containing cap structures has been detected in animal cell 
extracts, it did not hydrolyse caps in intact MRNA! A novel 
phosphodiesterase that cleaves pyrophosphate linkages in 
mRNA has been purified from tobacco cells. In our studies, 
however, there was no evidence for differential turnover of caps 
when reovirus *H-methyl-labelled mRNA wag incubated for 
90 min in conditions of protein synthesis in wheat germ extract 
and then analysed as in Fig. 3b (unpublished results). As 
reported for cellular mRNAs in mouse kidney and L cells’®, 
caps in reovirus mRNA apparently decay with the mRNA chain 
when incubated in X. laevis oocytes or wheat germ extract. 


Reovirus mRNA degradation independent 

of translation in wheat germ extract 

Reovirus mRNAs with blocked or capped 3’-termini are more 
stable than unblocked mRNAs in oocytes, consistent with 
5’-exonucleolytic degradation. Although X. laevis oocytes are 
useful for in vivo studies on MRNA stability and function’? Y, 
it is not yet known if reovirus mRNAs are translated in this 
system. To investigate the relationship between translation and 
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*°S-Methionine incorporation 





v ASi 

E sols š 

A 

2 60t-\ s 

c 

2 40 š 
tA a S 

T 

-© 20 n 

i O 30 60 90 


Time (min) 
e 
Fig.4 Translation and degradation of reovirus mRNAs in 
wheat germ extract in the presence of the methylation inhibitor, 
S-adenosylhomocysteine {Adohcy). a, For protein synthesis the 
incubation mixture (50 ul) contained 12 mM HEPES buffer 
(pH 7.3), 3 mM Mg acetate, | mM ATP, 0.05 mM GTP, 5 mM 
creatine phosphate, 10 ug greatine phosphgte kinase, 75 mM 
KCI, 2 mM dithiothreitol, 100 M Adohcy, S..methionine 
(10 pCi, 250 Ci mol ~>), 0.01 mM of each of the other 19 amino 
acids, | pg reovirus mRNA, and wheat germ extract equivalent 
to 215 ug protein prepared as before*. Incubation was at 26 °C, 
and 5 yl aliquots were collected in 0.2 ml 5% trichloroacetic 
acid, heated for 10 min at 90°C, and the acid-precipitable 
radioactivity collected on Millipore filters was counted in 
toluene-based scintillant. 6, Degradation was measured in the 
same reaction conditions, except that #S-methionine was re- 
placed by 0.01 mM non-radioactive methionine and *#P- labelled 
reovirus MRNAs (1 pg, 110-130 x10% ¢.p.m.) prepared with 
a-23P-UTP were used. Incubation was at 26°C; 3-pl aliquots 
were extract@d and radioactivity precipitated in 5%, trichlo- 
roacetic acid was measured as described in (a). mRNAs con- 
tained 5’-terminal m’GpppG”™ (@), GpppG (©) and ppG (A). 


the stabilities of mRNAs with variable 5’-terminal structures, 
studies were performed using wheat germ protein synthesising 
extract which was shown previously*to translate reovirus MRNA 
containing 5’-terminal m’GpppG™ (ref. 2). The same viral 
mRNA with 5’-terminal GpppG or ppG functions poorly or not | 
at all in protein synthesis when the conversion of GpppG ends to — 
nV’GpppG by wheat germ endogenous methyl transferase(s) is 
prevented by addition of S-adenosylhomocysteine*. While the 
presence of this methylation inhibitor blocks translatyon of — 
unmethylated reovirus MR NA in wheat germ extract, it does not 
affect protein synthesis directed by MRNA that is pre-methylated 
during transcription. As found before, and shown in Fig. 4a, 
only capped MRNA was effigiently translated in the presence of 


S-adenosylhomocysteine. Under the same conditions, the rela- > 


tive MRNA stabilities in wheat germ extract were similar to 
those found with microinjected oocytes, that is, the capped and 
blocked mRNAs were both more stable than unblocked mRNA 
(Fig. 4b). Since capped mRNA (that is, blocked and methylated) 
forms stable complexes with wheat germ ribosomes while blocked 
but unmethylated mRNA does notë, the similar stability ob- 
served for these two types of mRNAs is not due to protection by 
association with ribosomes. Thus, infcreased stability seems to be 
an intrinsic property of mRNAs with blocked 5’-terminal 
structures. From the results shown in Figs 4a and b, it seems that 
5’-blocking without methylation is sufficient to enhance reovirus 
e ¢ 
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Fig. 5 ANE of desradation moduek of reovirus mRNA. 
Reovirus mRNAs labelled internally with a-**P-UMP were 
incubated for 10 min in wheat germ extfact in the conditions 
described for Fig. 4b. Radioactive materials were recovered from 
reaction mixtures by phenol extraction and analysed by high 
voltage paper electrophoresis (50 V cm @', 50min) in 10% 
pyridme-acetate buffer (pH 3.5) with marker compounds. Ee 
radioactivity shown in the autoradiogram in tracks l, 2 and 3 
was 110, 120, and 108 x 10° c.p.m., respectively. The distribution 
of radioactivity in each track determined by direct counting of 
each spot after cutting the paper, was: track |--origin 87°., band 
I, 1.7%; band IL 5%, and band Hl, 6.3°%. Track 2—-origin 
83°: band I, 2%; band II, 6.6° and band IHH, 8.4%. Track 3— 
origin 60°°; band I, 50° band H, 15%, and band iH, 20°. 

Reovirus mMRNAs in traeks |, 2 and 3 contained 5 -terminal 
m’GpppG”, GpppG* and ppG, respectively, UDP ~Glu is an 

abbreviation for uridine diphosphate glucose. 


mRNA stability, but translation in wheat germ extract depends 
on the presence of the methylated blocked structures, 
m’GpppG™, The more rapid degradation of unblocked reovirus 
mRNAs, which have the same sequence and size as blocked or 
capped mRNA but a different 5’-terminal structure, suggests that 
mRNA is degraded exonucleolytically from the S’-end. 


5’-Exonuclease cleavage of unblocked mRNA 


Reovirus unblocked mRNA was less stable than 5’-blocked 
mRNA in microinjected oocytes or in wheat germ cell-free 
extract (Figs 1, 46). When unblocked radioactive mRNA was 
re-extracted after incubation for 8 h in oocytes, the radioisotope 
was present in full-size mRNA and in low molecular weight 
degradation products (Fig. 24). The same results were obtained 
when mRNA was incubated in wheat germ extract for 10 min 
and subsequently analysed by velocity sedimentation in a 
glycerol gradient (Fig. 2d). Little radioactivity was observed in 
products of intermediate size and most of the degraded material 
sedimented at the top of the gradieht. The low molecular 
weight products were characterised by paper electrophoresis 
. + 
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(Fig. 5). Radioactive 
32P.Jabelled MRNA in wheat germ included the mRNA at the 
origin and three fast-migrating bands But no intermediate spots 
in the position of oligonucleotides, CMP, AMP, or GMP. The 
compound in band I corresponds to 5’-UMP. Band IHH was 
eluted and identified as a mixture of UDP (32°.) and UTP 
(68%) by paper chromatography with marker compounds in 
isobupyric acid-0.5 M NHOH (10:6 v/v). The component in 
band Il migrated in the position of UDP-glucose or UDP- 
galactose and the **P-phosphate present in this material was 
resistant to hydrolysis by alkaline phosphatase. We have not 
identified the compound(s) in band ÍH, but it has a net charge of 
= 2 by DEAE-cellulose chromatography and can be enzymatic- 
ally synthesised from *H-UTP in wheat germ extract, consis- 
tent with it being a UDP-sugar derivative. In addition, there is a 
clear precursor—product relationship between the S-WMP 
(band I), the UDP and UTP (band HI) and the presumptive 
UDP-sugar (band II). When *H-fabelled 5°-UMP (360 pmol, 


15 Ci) was incubated for 20 min in wheat germ extract, 54°. of 


the input radioactivity was incorporated into the presumptive 
UDP-suger compound and 29°, into a mixture of UDP and 
UTP. By contrast, the presumptive UDP-sugar yielded no 
5’-UMP, UDP, or UTP on incubation in wheat germ extract, 
Thus, the primary degradation product of MRNA labelled with 
a-°?P-UTP was S-UMP which in wheat germ was further 
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Fig. 6 Test for exonuclease activity in rabbit reticulocyte lysate 
and mouse L cell extract. Reovirus mRNAs labelled internally 
with a-??P-LYMP (20 pe min, 100-120 - 10° c.p.m.) were incu- 
bated at 26 C in conditions used for in vitro protein synthesis. 
a, Reticulocyte lysate: the reaction mixture (50 ul) contained 
12 mM HEPES buffer (pH 7.5), 75 mM KCI, 1.5 mM Mg ace- 
tate, 0.8 mM ATP, 0.16 mM GTP, 100 uM Adehey, 10 mM 
creatine phosphate, Il ug creatine phosphate kinase, 5 mM 
dithiothreitol, 0.1 mM each of 20 amino acids, 20 pg mi? 
haemin, | ug °*P-labelled reovirus MRNA and lysate equivalent 
to 2.4 mg protein (provided by W. F. Anderson). b, L cell pro- 
tein synthesising extract: the mixture contained 20 mM HEPES 
(pH 7.6), 120 mM KCI, 5 mM Mpg acetate, 6 hM B-mercap- 
toethanol, | mM ATP, 0.2 mM GTP, 100 uM Adohey, 0.1 mM 
each of 20 amino acids, 5 mM dithiothreitol, 10 mM creatine 
phosphate, 10 pg creatine phosphate kinase, and L cell extract 
equivalent to 252 ug protein (provided by G. Koch). Acid- 
precipitable radioactivity was assayed as for Fig. 4b. mRNAs 
contained 4 -terminal ny oU (@), GpppG (©) and 


m ppG (^). 


material analysed after incubation of 
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metabolised by the route UMP —- UDP ~- UTP —- UDP-sugar. 
The reovirus mRNA degradation product om X. laevis 
oocytes yielded the same four uridine derivatives when sub- 
jected to electrophoresis, and the primary mRNA degradation 
products in oocytes also are probably 5’-mononucleotides. 
These observations suggest that the exonuclease processively 
cleaves unblocked MRNA in a 5 to 3’ direction yielding $’- 
mononucleotides. Confirmation of these characteristics will 
require studies of the purified enzyme(s). 

Like Xenopus oocytes and wheat germ extract, L cell 
protein synthesising extract also contains an enzyme activity 
that degrades unblocked repvirus mRNA more rapidly than 
blocked or capped MRNA (Fig. 6b). In contrast, we did not 
detect a differential breakdown of unblocked mRNA in reti- 
culocyte lysate incubated at a 10-fold higher ratio of protein to 
mRWA than used for L cell extracts (Fig. 6a). It will be of 
interest to determine whether mRNA degrading activities with 
similar properties exist generally in eukaryotic cells and if so, 
whether they are involved in mRNA turnover and regulation of 
cell division and differentiation. 


Discussion 


In this report, reovirus mRNAs with different types of 5- 
termini were used to demonstrate that, in addition to arole in the 
initiation of protein synthesis, cap structures have an important 
stabilising effect on MRNA. In accordance with this function, 
and consistent with the lower stability of unbloeked reovirus 
mRNA in Xenopus laevis oocytes and extracts of wheat germ 
and L cells, a nuclease activity which apparently cleaves un- 
blocked RNA exonucleolytically and probably processively was 
detected in the amphibian, plant, and mammalian systems. 
Rabbit reticulocyte lysate was an exception and contained little 
or no nuclease activity of this type. Assuming that the nuclease 
activity has a role in mRNA turnover, a highly differentiated cell 
such as the reticulocyte which has lost its transcriptional 
machinery might be expected to have no such activity. * 

In several previous studies, the B-elimination reaction was 
used to remove m'G from capped mRNA in order to test its 
influence on translation in vitro. The destabilising effect of 
unblocking (Figs 1, 2c) was then unknown, however. Shih et a/.? 
compared the efficiency of translation of m’G-capped and 
B-eliminated brome mosaic virus RNA and demonstrated that 
the positive effect of m’G cap on translation in wheat germ 
extract was more proneunced at low RNA concentrations 
(< 20 ug mi~!) than at high levels (100 pg mi~) of RNA. The 
difference in the translational efficiencies might be due to de- 
gradation of some of he B-elithinated RNA by wheat germ 
exonuclease activity. Smith et al. and Baglioni et al. recently 
found that the extent of dependence on m'G for mRNA trans- 
lation varies with the concentration of potassium tons in pro- 
tein synthesising reaction mixtures (personal communications). 
Therefore, in order to understand better the role of the cap 
structure in the translation of various RNAs, future experiments 
should be designed to take into account cellular exonuclease(s) 
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and other factors that affect translation in cell extmacts. 

Polio, encephalomyocartlitis (EMC) and satellite tobacco 
necrosis virus (STNV) RNAs do not contain 5’-cap structures?. 
These RNAs, however, are suffitiently stable to be translated in 
various model systems and also function's viral messengers in 
infected cells. How are these uncapped mRNAs stabilised? 
Allende ef a/.'® reported that purified ribosomal RNA and 5S 
RNA are rapidly degraded when microinjected into Xenopus 
oocytes, but globin and D. discoideum mRNAs, RNA in 
ribosomes, and Escherfchia coli suppressor 3 tRNA, which 
cannot be aminoacylated in oocytes, are all stable. These 
observations can be explained if extensive and specific secondary 
structures or the association of proteins, as observed for tRNA, 
and ribosomes, respectively, prevent 5‘-cleavage by exonuclease 
activity. In this regard, it was found recently that polio virion 
RNA, the first viral messenger in polio-infected cells has a viral 
protein covalently linked at the S’-end'*. Poliovirus RNA, 
EMC virus RNA, polio polysomal RNA, STNV RNA and 
possibly other messenger RNAs that lack a 5’-5’-inverted 
structure at the 5’-end may be protected against exonuclease 
attack by covalent or non-covalent interaction with protein(s) 
or by 5°-termjnal secondary structure. In conclusion, the presence 
of a blocked or capped 5’-end results in protection of RNA 
against S’-exonucleolytic degradation. In some RNAs, for 
example avian sarcoma virus (ASV) genome RNA which is 
capped'* but translated poorly im vitro*®, caps may function 
mainly to confer stability rather than, as with reovirus mRNA, 
to promote translati8n. In support of this suggestion, the cap on 
ASV 35S RNA is not protected against RNase TI digestion by 
mouse ascites 40S ribosomal subunits (M. Kozak, unpublished). 

We thank M. Kozak for discussions, M. Morgan for technical 
assistance, and L. Burzio for initially cemons\rauns the micro- 
injection technique. s 
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Radio counterpart of the 
X-ray source 3U0901 —09 


A RECENTLY published position! of the X-ray source 3U0901 - 09 
obtained from the Ariel V expesiment overlaps the extent of 
the Abell cluster A754. Previous radio continuum observations 
of this area* revealed a complicated radio emission distribution, 





We are mapping a sample of Abell clusters and have made a 
map of the area containing A754. We find that the position 
ellipse of the X-ray source is in good agreement with a radio 
source complex with a very steep spectrum. , 

The observations were made at 2,695 MHz from the secondary 
focus of the 100-m ratliotelescope of the Max-Planck-Institut 
für Radioastronomie. The beamwidth at this frequency is 

d * 
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Fig. 1 The | 1.1-cm map at an area near A754, Contours are in steps of 15 mJy per beam. Dashed contour shows the zero level. X, centre 
of A754. The position ellipse of the Ariel V measurement is also shown, Note | Jy per beam = 1.5 KT, = 2.0 KT». 


44 to 3 dB points. The receiving systém is a dual channel 
correlation radiometer. In this receiving mode a single cir- 
cular polarisation is combined with the signal from a liquid 
nitrogen termination in a hybrid, amplified "in two phase- 
stable uncooled parametric amplifiers and correlated at in- 
termediate frequency. The output signal is the difference in 
power between one circular polarisation and the cold load. 
The system noise temperature is about 100 K. The bandwidth 
over which excellent phase stability and tolerable low level 
of interference are possible is 100 MHz. With this receiver 
performance fluctuations “of 14 mK rms. s™ are expected. 
= Jn fact, some degradation of performance due to low-level 
interference and atmospheric fluctuations takes place, requiring 
- an integration of 10s to achieve 5 mK r.m.s. noise. 

Observations were made on 25 April 1976. Scanning of the 


_ 42 x 60’ area was in right ascension at 60’ min~’. Scans were 


made at intervals of 1’ in declination, requiring 43 steps for the 


~~ whole map. Two coverages were made and the intensity arrays 





-added to give the map (Fig. 1). Calibration used the source 
< 3C 286 OS)... = 10.3 Jy) and an internal switched noise diode. 
Figure I shows four sources, theee of which are unresolved by 
"our beam. Extended emission is seen within the position ellipse 
~ given for 8U0901 --09 by the Ariel V sky survey instrument’. 
The position ellipse also contains the centre of the Abell cluster 
A754, Previous observations of A754 were reported by Owen” at 
1,420 MHz with the 300-ft NRAO radiotelescope. Since his 
beamwidth was 10’ only one extended source was found at 1,420 
MHz in a position which agrees with the centre of gravity of 
the point source seen at 11 cm in the uppermost end of the 
position ellipse and the extendegl source coincident with A754. 
We have determined the flux of all sources at 1] cm wave- 
- Jength and have collected our flux valu€s together with Owen's 
= values in Table 1. Our errors in flux determination were 
z * 


tended one. The spectral index of the two point sources (Nos 3 
and 4 in Table 1) is in the range typical for nonthermal radio 
sources. The spectral index a (S x vo“) of 2.50.8 found for 
the complex which includes the flux of the sources 2a and 2b 
makes this source similar to other X-ray radio sources or 
sources in galaxy cluster*:4-*, The total flux of the whole complex 
may be higher than that given in Table | due to further emission 
outside the contours within which we integrate, but it should 
correspond to the flux which was determined, but it should cor- 
respond to the flux which was determined by Owen at 1,420 
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Table 1 Flux of sources at 1! am wavelength, and spectral index, a 
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RA Dec. Flux density (mJy) Spectral 
Source (1950.0) (1950.0) 1420 2695 index 
MHz MHz a 
+ 

i O9h0Smin25.5 —09°04,3' = 100 

2a 09 05 57.6 -09 21.6 : 190 
1510 2.5 -+-0.8 

2b 09 06 24.0 --09 27.0 | 1000 

3 09 07 02.4 —09 10.5 330 285 0.25 0.4 
4 09 07 49.1 —O9 24.0 440 255 0.80.5 
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MHz. In view of this unusually steep spectrum we propose that 
the X-ray emission comes from this extended radio complex. 
We have no knowledge of the temporal variations of this 
source, which may be one ef the reasons for this steep spectral 
index, and we suggest that observations at a number of fre- 
quencies should be made over a period of time to finally de- 
li neate the spectral index. 
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Spectroscopic evidence 


for interstellar grain 
clumps in meteoritic inclusions 


THE occurrence of a primitive, presolar grain component in 
carbonaceous chondrites has been indicated by several in- 
dependent lines-of evidence, including the discovery of isotopic 
abundance anomalies!:*. The occurrence of organic molecules, 
including amino acids, in these meteorites is also known?*, but 
their connection with a genuinely pre-solar grain component 
has been conjectural. We show here that an extract of organic 
material from the Murchison carbonaceous chondrite has an 
ultraviolet spectrum with an absorption band centred at } = 
2,200 A. The similarity of this feature with the well-known 
interstellar absorption band at the same wavelength, gives 
strong credence to an interstellar grain component within this 
meteorite. . 

Carbonaceous chondrites contain a significant masg fraction 
of organic compounds, mainly in the form of aromatic poly- 
mers. Typically about 30° of this material is of relatively low 
molecular weight and could be extracted by using hexafluoro- 
isopropanol as a solvent. The remaining 70°, is of higher 
molecular weight and is usually insoluble’, 

A sample of the Murchison chondrite (supplied by Dr. 
Onuma) was used to o8tain an organic molecule extract with 
hexafluoroisopropanol. The absorption spectrum of this 
extract (Fig. 1) shows a conspiguous absorption hump centred 
at A = 2,200 A, havin& a half-width = 300A and bearing a 
remarkably strong similarity to the well-known interstellar 
extinction feature’~*. A band of this type is a property of a 
wide class of organic molecules having conjugated double 
bonds, for example, C = C-C C, C =C-C#xC,C=$C 





(refs 9, 10). 
Although the 2,200-A absorption band in the interstellar 
extinction curve has usually been attributed to graphite par- 


Fig. 1 The absorption curve of organic material in the Murchison 


carbonaceous chondrite extracted using hexaflugroisopropanol 
as a solvent. 
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reproduce the observed features of the astronomical band. — 
Non-spherical particles, or ‘spherical, particles with much 
larger radii will shift the band centre away from À 2,200 A, — 
or distort the symmetry of the band. An origin of the int 
stellar 2 2,200 A feaure in terms of cofnplex organic moh 
lodged in grain clumps would have an advantage in that 
mean absorption profile (arising from electronic transitions i 
an ensemble of molecules) has a central wavelength and- wid 
which are independent of the shapes and sizes of the hos 
grain clumps. On the basis of this interpretation, the astron 
mical and meteoritic spectral data would provide furth 
supporting evidence for a connection between pre-solar inter 
stellar material and inclusions in carbonaceous chondrites. _ 
A. SAKATA ° ve 
N. NAKAGAWA 
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Prebiotic molecules 
and interstellar grain clumps ee 
INTERSTELLAR molecules detected by radioastronomical 
techniques in clouds such as OMC | and 2 in the Orion Nebula 
and Sgr B2 in the galactic centre span a wide range of types 
and complexity. Among the heaviest of the molecules recent 
discovered is cyanodiacetylene! (H--C=C—CC—C 
There have been earlier detections of precursors to the simy 
known amino acid glycine (formic acid and methanimine) 
probable detections of polyoxymethylene polymers aitd 
polymers?” sn interstellar clouds. We discuss here a p 
identification of organic molecules of even greater com] 
and its implications for the start of biological activity. 

Large departures from thermodynamic equilibrium: 
interstellar medium and the co-existence of solid gra 
molecules, radicals, ions and ultraviolet photons provide 
conditions which are ideal for the assembly of ‘exotic’ molecular: 
species. If clumping of 100 A-sized dust grains occurred by a p 
process which we have discussed’, highly complex organic — 
molecules could be formed and become securely trapped during 
the ‘welding’ process of smaller grains. Such grain clumps could 
be widely dispersed amongst the particulate material in the 
Galaxy, being responsible for most of extination and polarisation — 
of starlight. 

The spectral identifftation of highly complex organic species 


in the interstellar medium might seem hopeless. A property 
>» Lad 
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common to a wide class of such molecules, however, is an 
absorption band centred at  ~ 2,200 A with a half-width 
~ 250 A, which arises mainly due to n=- 2* or n -= -n* electronic 
transitions in conjugated multiple bonds such as: 

e 


C=C—-C#C CaC-C«0 

CaCa "C Cetati aN 

C= C—C C Colega N 
6 


The absorption occurs due to transitions between electrons in 
n and n-orbital states to antibonding m* states’.*. Specific 
examples of such transitions and relevant spectroscopic data 
have been cited elsewhere”. In general, this absorption band 
occurs in most highly complex organic species, with a typical 
value of ~ 200-300 A for the half-width, and with a molar 
extinction coefficient s = 10' cm =! (g mol 17')~' (refs 7, 9), 
which implies an absorption cross-section of ~4 > 107! cm®. 
A typical case is the curve for mesityl oxide (Fig. f). 

It is tempting to identify this feature with the well-known 
2,200-A band of the interstellar extinction curve. The smeared- 
out mass density p of molecules with molecular, weight M 
required to produce the observed extinction coefficient at 
2.200 A of ~ 1.5 mag kpe™ (refs 10, 11) in the interstellar 
medium is e 

pm 2 - 10°7°(M/100) g cm~*. 
® 
For M ~ 100 we obtain a value of p which is ~ 10%, of the total 
available CNO density in the interstellar medium. If this material 
is assumed to be homogeneously mixed with silicate-type grains 
of radius a, the condition for optical depth less than unity 
within a single grair®at the band centre ts 


a< ~ 3% 10cm. 
it may not be fortuitous that this upper limit is about twice the 
‘typical radius’ required for interstellar silicate grains. 

Several amino acids of biological importance have been 
discovered in carbonaceous chondrites!? "and there has also 
been an identification which is strongly suggestive of the 
existence of polyoxymethylene polymers or copolymers in the 
Allende carbonaceous chondrite'®, Such polymefs could have 
served as glueing agents for smaller grains in prestellar mole- 
cular clouds. It is also of interest that an extract of organic 
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Fig. 1 Molar extinction coefficient e (em~! (g mol 17973 of 
mestyi oxide 
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materials from the Murchison chondrite using hexafiuoro- 
isopropanol as a solvent showed a 2,200 A absorption feature, 
typical of conjugated double bonds Òf the type considered 
above, and similar to the interstellar extinction hump at this 
wavelength!?. 

We tentatively conclude that these data could be interpreted 
as independent new chemical evidence of the existence of 
compogite grain clumps in the interstellar medium and in 
carbonaceous chondrites. Moreover, such grain clumps 
probably include a significant mass fraction of highly complex 
organic, prebiotic molecules which could have led to the start 
and dispersal of btological activity gn the Earth and elsewhere 
in the Galaxy. 

Even if all the CNO elements on the Earth's surface were 
initially in the form of the biologically important 20 amino 
acids, their linkage into feasible peptide chains could not have 
occurred by chance. Some process of natural selection ts 
required, and this is usually hele to have occurred under 
terrestial conditions. If interstellar grain assembly occurred in 
prestellar molecular clouds already containing these amino 
acids,«pre-Darwinian selection leading to the production of 
self-replicable peptide chains, could have depended upon the 
sticking properties of the various molecules on to the polymeric 
coatings on 100 A-sized grains. A welded composite grain with 
a ‘cellular’ structure on the scale of 2” - 100 A could have 
served as the host system for the earliest primitive gene in a 
manner similas to that discussed by Cairns-Smith’’. 

We now consider the selective mechanisms which could have 
operated in the growth and evolution of grain clumps, and their 
possible bearing on the development of a primitive biological 
system. Not all polymer coatings have the same sticking 
probabilities a (ref. 6). Some combinations are more probable 
than others. Suppose «a denotes the average sticking 
probability. What would be the optimum situation for clump 
growth? A reproducible situation with sticking probability only 
slightly above a> would be better than a non-reproducible 
situation with probability much greater than a.. This is 
because the latter system, if it occurred, would soon be covered 
up by further growth of clumps. Once the possibility of a 
reproducible system is admitted, what reproducible system, 
among possibly many such systems, would become *most 
widespread ? The answer to this question is: a system which also 
promoted clump division. This leads not only to more clumps 


but also to a greater total mass of clugip material, because of 


the advantageous surface/volume ratio. 

Lastly, we turn to the problem of protection of pre-biotic 
material against external disruptive agencies, for example, 
ultraviolet light. Whilst this protection could be provided by an 
outer shield of solid grains, such a system would be biologically 
inert. A clump stripped of its outer polymeric coating would not 
be suitable for sticking, even if it was able to preserve itself, 
A more refined protection system in the nature of a biological 
cell wall would be much better, since such an outer surface 
could permit organic molecules to stick, as well as to diffuse 
through H. 

Thus there seem to be two somewhat different types of 
selective process which could be operative under interstellar 
conditions. Firg. a competition for clump growth in the 
absence of disruptive agencies, for example. within a pre-stellar 
cloud: and second, a competition for organic materials (or even 


for sticking) in a more hostile environment in the presence of 


disruptive agencies. With the development of a cell wall, the 
last step could presumably be to ‘split out the morganic grains 
which started off the whole process. 
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Gravitational radiation 
detector observations in 1973 and 1974 


MaRYLAND~ARGONNE gravitational radiation detector ob- 
servations for 1973-74 have recently been published'. This 
letter contains additional ifformation about how the data were 
taken and analysed. 

A primary goal was to eliminate any unconsciously applied 
human bias which could affect results. To this end, I removed 
myself from direct participation in the data reduction beginning 
in 1972. Mr Michael Lee developed programs for a magnetic 
tape and computer system of data analysis. A number of checks 
of the computing were set up. The first check was an indepen- 
dent, analogue experiment, in which data were recorded on 
pen-and-ink charts, with an on-line computes marking the 
charts whenever the Maryland and Argonne detectors both 
crossed threshold within 0.1 s. The pen-and-ink recorder ex- 
periment had two outputs, one with, and one without, a time 
delay introduced into one of the channels before the computer 
looked for simultaneous threshold crossings. Charts for the 
data with and without the time delay were marked in coded 
form (which changed from time to time). Mrs. Alessandra 
Exposito searched the charts for statistically. significant 
coincidences without knowing which charts were Which. This 
analogue procedure found excess coincidences at zero time 
delay during the same periods that the computerised experiment 
found them. 

in a second checking procedure, Mr William Davis inserted 
artificlal pulses into the gravitational radiation detectors at 
certain times unknown to the programmer, Mr Michael Lee. 
Lee correctly identified times when artificial pulses were present 
and absent. Third, Mr Bruce Webster prepared copies of old 
data tapes, some identical with the originals and others with 
one or more channels replaced by the same detector data from 
another time period. Lege had nò knowledge of the information 
recorded on the magnetic tapes. Lee’s analysis correctly iden- 
tified these tapes. 

The telephone circuit from the Argonne detector to Maryland 
was suspect even though the data were transmitted in coded 
digital form. The recent paper includes all data for a period 
when there was no telephone circuit and clock-synchronised 
recorders were employed at the two detector sites. An excess 
of coincidences over accidentals was observed during that 
period. 

A major effort has been made to eliminate computing errors. 
Maryland magnetic tape data were sent to several other re- 
search groups together with data on the computer programs 
and lists of coincidences, in return for raw data from their 
experiments. During the data exchange, errors were discovered 
in the Maryland programs and in the procedures of other 
groups. The Maryland errors were acknowledged quickly and 
carefully corrected. The differences have now been resolved, 
and independent groups have confirmed the details of the 
revised Maryland programming. At the request of two research 
groups, the data exchange was to be private until agreement 
could be reached on publication. It is regrettable that incorrect 
and premature reports on the data exchange have appeared 
in the literature. 

Two of the four authors of ref 1, Steppel and Lee, indepen- 
dently prepared computer programs to process these data. 
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In summary, results of the magnetic tape eomputer experi- 
ment, the pen-and-ink *recorder experiment, and the data — 
exchange indicate that for certain periods there is an excess of 
coincidences ovér accidental’ ones, with significance as great 
as 5.6 s.d. The use of several independéni programs and. ith 
checks in which the searcher did not know what was on 
tapes or charts indicates that humane observer bias and pi 
gramming errors have been successfully removed. 

This research was supported in part by the National Sci Ci 
Foundation and in þart by the Computer Science- Center 
University of Maryland. 
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Radiometric measurement 
of stratospheric HCI 


INTEREST n the effects on atmospheric ozone of man-made 
chlorine compounds has prompted research into their stratos: 
pheric chemistry. As HCI is expected to be the major temporary 
sirfk for free chlorine in the stratosphere! 4, measurements of its 
vertical mixing ratio profile could yield useful informationastothe — 
major source of chlorine and its future effects on ozone con: 
centrations. We have used a balloon-borne pressure modulator 
radiometer (PMR) to measure the atmospheric absorption ofsolar 
infrared radiation at sunset, and we report here a vertical mixing — 
ratio profile for gaseous HCI for the altitude range 16-39 km. 0 

The major feature of the PMR is a cell containing gas (HCl, in | 
this case) through which the incoming radiation passes’. The gas 
pressure is modulated at about 19 Hzand the mean pressureinthe. 
cell chosen to give maximum modulation of cell transmission at 
HCl spectral line centres. Thus the incoming radiation is selectively 
modulated in those narrow spectral regions where atmospheric. 
HCI absorbs, and so the pressure modulator cell acts as a filterof = 
very high resolution ( ~4 x 10->cm™’). , 

The front optics of the radiometer is a servocontrolled Sun 
tracking system built by Denver University®, which maintains an 
image of the Sun at the detector. The optical system also containsa 
rotating chopper which modulates the incoming radiation at 
400 Hz and an optical filter which defines a pass band about __ 
300 cm~! wide around 2850.cm™'. This region of the spectrum. 
contains most of the fundamental vibration-rotation bandofHCl. 
The detector, made of lead selenide at ambient temperature, 
receives radiation which has components at 400 Hz (the wide-band 
signal), at 19 Hz (the PMR signal) gnd at 400 + 19 Hz (the side- 
band signal). The PMR and side-band stgnals contain the same. © 
information but the latter is used for instrumental convenience. 
The side-band:wide-band ratio is related to the amount of- 
atmospheric HC] in the path between the instrument and the Sun. 

The results presented here were obtained on a flight from- 
Holloman USAF base, New Mexico (32° 52’N, 106° 07'W) on 17 
March 1976. The radiometer remained at its float altitude ofabout 
35.5 km until efter sunset and was able to take measurements for 
solar zenith angles > 90°. In this way the Sun is viewed through a 
long atmospheric path, enabling low concentrations of trace 
constituents to be detected. This technique (limb scanning) also 
allows vertical resolution in mixing ratio profile to be obtained. 
Signals for zenith angles < 90° are used to calculate the level of the 
level of the side-band: wide-band ratio when there is no atmos- 
pheric absorption. 

The mixing ratio profile has been derived from the data usinga 
computer model which calculates the signals expected froma PMR | 
for a given atmosphere by performing a line by line numerical 
integration across a Voigt profile for a]l the HCI spectral linesinthe - 
pass band of the filter. The specéral line strengths and Lorentz half- 
widths used are those given by Toth et al. 78. The results are shown 
in Fig. 1. Relative errors are indicated ; also, at the present Stage of 
analysis, there may be an absolute error of up to +20°% in the 
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Fig. 1 Vertical profile of the mixing ratio of HG] in the stratosphere 
calculated from measurements of almospheric transmission. 


mixing ratio. The retrieval takes account of atmospheric tempera- 
ture structure (measured by radiosondes coincident with the flight) 
and of the effects of atmospheric refraction. Small corrections 
have aiso been made for the estimated effects on the wide-band 
and side-band signals of other atmospheric constituents which 
absorbin this spectral region, using the spectral line data tabulated 
by McClatchey ef al.”. 

The shape of the mixing ratio profile implies that the major 
source of HCI in the stratosphere is around 32 km. Other 
measurements of HCI (refs 10-13) have been based on the 
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measured absorption of individual HCI spectral lines, whereas the 
PMR uses all the lines in the band. Figure 2 shows that the mixing 
ratio profile given here is similar to those Of Ackerman er a/.!' and 
Wilhams er a/.'? but that its shape is different from the most recent 
profile measured by Raper er a/.}3, 
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Mantle helium 
in the Red Sea brines 


HELIUM isotope studies on terrestrial samples have revealed the 
existence of two helium components which are clearly distinct 
from atmospheric helium. The first of these, which we term 
‘crustal helium’, was identified in 1946 in natural gas wellst. 
This crustal component is produced by radioactive decay of U 
and Th to *He, with *He production by (#, a) reactions on Li: 
the resulting helium is characterised by *He/4He ~ 1077, one- 
tenth of the atmospheric ratio?. The second component, ‘mantle 
helium’, was discovered as ‘excess *He’ in deep ocean water, 
attributed to a flux of primordial helium from the mantie?. 
Studies of the *He/*He ratio in deep water on the East Pacific 





Rise? and in helium trapped in submarine basalt glasses®* have ` 


shown that this mantle component is characterised by “*He/ 
tHe ~ 10>, about 10 times the atmospheric ratio and 100 
times the ratio in crustal helium. Basalt glasses from the Western 
Pacific Lau Basin, the East Pacific Rise, and the Mid-Atlantic 
Ridge contain trapped helium with similar °He/*He ratios, 
indicating that mantle helium in at least three areas in which 
new lithosphere is being formed has a unique and uniform 
isotopic signature. 

The hot brines in the axial rift of the Red Sea’ provide 
an opportunity to sample helium at another plate margin, 
and to determine the extent to which these brines have inter- 
acted with mantle-derived material. Isotopic and chemical 
studies of the brine water*-’ have shown that the source water 
for these geothermal brines is ocean water of normal salinity 
which circulates downward through evaporites and horizontally 
along fissures in the axial basalts to reach the brine-filled 
depressions. We now report measurements of helium and neon 
which reveal additional information on the origin of these 
brines and their relationship to the Red Sea rift. 

Our samples were collected on the 1966 Woods Hole 
CHAIN-61 expedition, using a Nansen-bottle ‘piggyback 
sampler’ which recovers samples isolated at in su pressure in 
copper tubing. We analysed two samples taken 2m apart 
from the Atlantis H Deep (Station 714, 21°20.5’N, 38°04.5’E): 
the bottom bottle was 43 m above the bottom in the middle of 
a 56 °C, 126-m thick layer. From Discovery Deep we analysed 
three samples collected over a 7-m interval (Station 717, 
24°16.7’N, 38°02’E); in this case, the bottom bottle was 42 m 
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: Concentrations 
(10 cm? STP per g H,O) 
Depth (m) Helium Neon 
Atlantis 
114-G7 2121 14.0 0.14 
Discovery 2123 (14.8) a 
714-G8 i 
717-G10 2153 (14,2) (0.15 
717-Gil 2158 14.1 0.14 
717-G12 2160 (13.4) — 
0.038 0.15 


Red Sea surface Water 





f reported relative to the ratio 1.40 - 


above the bottom in the 44 C, 164-m thick layer. Conductivity 
measurements aboard ship showed that the salinity of each 
sample was the characteristic brine value of 257.5 g kg~'! (ref. 9). 
The samples, each about 20cm’, were sealed inethe topper 
tubing with refrigeration clamps and stored at 4 C until 
analysed. They were collected at the same locations as those 
analysed previously for N., Ar and total CO, (ref. 10). 

Gases were extracted in a vacuum line made of Corning 1720 
glass and stainless steel. 
and colourless, indicating that no contact wifh oxygen had 
occurred. The extraction and rare-gas purification procedure, 
which has been tested extensively on seawater samples, collects 
> 99.9°. of the He and Ne. The total system and spectrometer 
blank (in cem? STP) is 9- 10°) for *He, 1.3 10°" for tHe, 
and 1.107!’ for Ne, < 0.1 °, of the sample tn each case. “He, 
tHe, and Ne were measured on a double-collecting mass 
spectrometer? which completely resolves “He from HD — Hs. 
A charcoal U-trap chilled at — 195 C was included in the 
static volume during analysis to re interference’ frgm Ar? 
at mass 20. The *He/*He ratio was measured in doublescollection 
mode, and the neon was then measured by voltage switching. 
Air standards were used to calibrate the helium isotope ratios 
and the absolute amounts. of He and N as determined by peak 
height measurements. me 

The results, summarised in Table 1, show that both brines 
are highly enriched in helium with a mantle-helium isotopic 
‘signature. Because the large variations in salinity in the 15 
known brine pools? are due to addition of salt from evaporites 
and dilution by mixing with seawater", concentrations of gases 
and their enrichmentswelative fo solubility equilibrium with the 
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Table í Helium, neon and *He“He in Red Sea 





ntrations in brine samples are accurate to 7°, except for values shown in parentheses which are accurate to ~ 15°, 
MAW. 28 C. 38%, salinity) are for solubility equilibrium with air at | atm (ref. 11). Helium isotope ratios are accurate to 5% | 
10 for atmospheric heljumit, Sample designations refer to cast and bottle number. 


In vacuum all samples were clear | 








brines (CHAIN 61 Eypedition) 





e e » X 
| Goncentgation per atm ` solubil 
He/Ne (He He) -= 10° ‘He ‘He Ne 
100 12.1 3260 370 
ann [22 3470 390 
95 — —- 380 l 
105 12%0 3250 370 0 
aaa 12.2 3140 360 
0.25 1,38 = | | x 























. Values for. 


atmosphere are best expressed in terms of gas to water rat 
The measured He concentrations (~ 10.5 x10 + cm? STP p 
of brine) are thus given as He/H,O ratios in Table | basgd < 
salinity of 257.5 g kg, and are compared with atmospheri i 
equilibrium solubility ratios in Red Sea surface water at-28 C, 
38% salinity, the source-water values estimated from stable - 
isotope ratios* and dissolved Ar in Atlantis II brine’. On this- 
bais the Atlantis H and Discovery brines are 380 times super- 
saturated in helium. The *He supersaturations are even more. 
spectacular; a factor of 3,300, which can be compared to- the 
highest ocean water enrichment factors of 1.5 observed in deep 
water adjacent to the East Pacific Riset. In contrast to these 
large helium anomalies, she neon concentrations for both brines 
agree within errors with equilibrium values, indicating neon 
enrichments of < 10%, Uae 
The *He/'He ratio in these brines, 1.2% 107, is similar to 
that in helium in the glassy rims of recent tholeiitic basalts on- 
Atlantic and Pacific rises*" (Fig. 1). Since helium in evaporites. 
should be pure ‘crustal’ helium with a ratio = 1077, we conclude | 
that the helium in these brines is primordial helium extracted 
from basalts in the axial rift during subsurface flow of brine 
from evaporites to the brine depressiogs. Comparison with the- 
enrichment factors In brines against original seawater for other 
elements’ shows that He ranks with the trace metals Pb, Mn, 
Fe and Zn, as the only elements exhibiting enrichments of a 
factor of > 1,000 in these brines; He is next in order (enrich-- 
ment ~ 400), and all other species are enriched by factors. 
< 100. Both the trace metal and major element enrichments. 
are entirely consistent with derivation from evaporites;, as. 
shown by comparison of added salts in Red Sea and knows 
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salt-deposit briñes’. In contrast, the similarity of helium isotope 
ratios in fresh basalt glasses and in the btines indicates that 
> 80°, of the brine helium must heve been extracted from 
basalts. Helium is thys the only component in these brines 
which has so far been shown to require a derivation from a 
source other than the Red Sea evaporites. 

Comparison with helium concentrations in recent basalt 
glasses’'® indicates that the He/H.O ratio in these brines is 
equivalent to a basalt/H,O ratio of the ogder of 2-10 g per g for 
complete extraction. The slightly lower °He/tHe ratios in the 
brines than in the basalt glasses may be attributed to a 10-20°, 
dilution with radiogenic helium produced in the evaporite 
deposits by decay of U and Th. Weiss!” showed that the 
Ar/H,0 ratio in these brines is close to the original solubility 
ratio. As the *He/**Ar ratio in fresh basalts is about 8 (refs 
14, 18), < 1° of the argon in these brines has been derived 
from basalts. 

Figure | shows the *He/'He and He/Ne ratios for the two 
brine samples compared with the values for air, crustal gases'*, 
tholeaite basalt glasses and a gas sample from Kilauea volcano’. 
For the brines we have estimated the He/Ne ratio in the ‘excess’ 
component above atmospheric solubility by assunting that the 
neon excess is < 1.4% 10" em? STP per g H,O for both brines, 
that is, 10°, of the measured neon concentration. For. the 
injected component in the Atlantis H and Discovery brines, 
this estimate yields a lower limit for the He/Ne ratio of ~ 1,000; 
this value, plotted in Fig. | shows that Bed Sea basalts are 
more similar in He/Ne ratio to Atlantic than to the Pacific 
basalts so far analysed. 

The relationships in Fig. | showethat the “He/*He ratio ts 
essentially identical in samples from four plate margins and 
three oceans in which the He/Ng ratios vary by a factor of 
1,000. These large He/Ne variations are que either to an 
intrinsic heterogeneity in mantle primordial gas concentrations 
or to a He-Ne separation process which does not fractionate 
helium isotopes significantly®. Helium from the Red Sea brines 
and ofher plate margin basalts is also distinct from Kilauea 
helium, which has a 3/4 ratio ~ 15 times atmospheric, an 
indication that Kilauea may be tapping g different part of the 
mantle, more enriched in *He. 

That *He and *He are the only Red Sea brine components 
which can be shown unequivocally to be derivgd from hydro- 
thermal circulation in basalts, rather than in evaporites, has 
interesting consequences for exploration of possible hydro- 
thermal systems in ocean-ridge basalts. The ~ 3,000-fold 
enrichment of “He in Red Sea brines relative to seawater 
shows that “He (and total helium) should be by far the most 
sensitive indicators of hydrothermal emanations from ocean- 
floor basalts. We are nowgusing helium isotope measurements 
in conjunction with 4 deeply-towed sample collection system 
to map hydrothermal plumes in active spreading centres'*, 
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The continental crust northeast 
of Newfoundland and its ancestral 
relationship to the Charlie Fracture Zone 


CONTINENTAL edges that are matched in pre-continental drift 
reconstructions have generally been defined by an isobath. When 
the isobath chosen is too shallow, isolated bathymetric highs 
within the ‘oceanic’ area are interpreted as continental fragments 
that may consequently be moved ag will to fill any gaps in the 
peo ote p Apaan Knoll oa ng a bee of uplift, 
for a lateral movements across athe rare Newtsundland 
shelf have’been invoked*. Detailed bathymetric, magnetic and 
gravily surveys*'® have confirmed that the entire intermediate 
depth area of the northeast Newfoundland Shelf inshore of 
Orphan Knoll and Flemish Cap is continental in nature thereby 
invalidating reconstructions which assume otherwise. I show here 
that the offshore extension of the Hermitage-Dover fault in 
Newfoundland provided the line of weakness along which the 
Charlie transform fault developed. 

Arcuate zones of magnetic anomalies dominate eastern New- 
foundland and the northern Grand Banks’ (Fig. 1). In the south 
central Grand Banks, the magnetic highs correlate with basement 
highs (Fig. 2) from which pre-Devonian metasedimentary rocks! 
were recovered. Similar rocks on Avalon Peninsula overlie the 
Precambrian volcanics responsible for the onshore portion of the 
magnetic highs. These arcuate ‘continental’ magnetic zonesextend 
into tke intermediate depth (1000 m) area of the northeast 
Newloufidland Shelf (Figs 1 and 2), strongly suggesting that it is 
underlain by continental crust. In support of this, continental 
basement can be traced westward along the reflection profile 
indicated in Fig. 2, fromcontinental Orphan Knoll to the eastern 
edge of a deep sedimentary basin”. A similar seismic reflector can 
be traced eastwards from land in an entirely continental sequence 
to the western edge of the same basin®. The only possible 
discontinuity in continental basemen? from seismic evidence, 
therefore, underlies the sedimentary basin. But. one of the bands of 
high magnetic field originating onshore in Precambrian volcanic 
rocks crosses the basin at the same locatioh as the seismic reflection 
profile (Figs I and 2), thereby bridging the gap. Continuity of 
continental crust from Newfoundland out to Orphan Knoll is, 
therefore, corroborated. 

The continental area of the northeast Newfoundland Shelf 
seaward of approximately the 300-m isobath has, however. 
subsided with respect to the Grand Banks’. Although its southern 
fractured margin is clearly marked by an east-west line of magnetic 
anomalies at 48 N (Fig. 1), the overall line of dislocation is 
marked by a gravity high (Fig. 3). This is partially due to the 
localised sedimentary load on the lithosphere? but the magnitude 
of the gravity ahomaly can only be explained if the subsided crust 
has increased in density or has been thinned as a result of margin 
tectonics (R. A. Folinsbee, personal communication). The inverse 
correlation between changes in the gravity and magnetic field, 
which is evident on a local scale over the basin that lies along the 
line of dislocation, results from the thicker sedimentary section 
giving an increased load and higher gravity while increasing the 
depth to basement and, therefore, reducing the magnetic field. 

Although the magnetic pattern of Flemish Cap‘contrasts with 
that of the Grand Banks, continental basement can be traced 
between them except fora 40km wide zone in Flemish Pass?, This 
distance is, therefore, the maximum possible extent of crustal 
fracturing or thinning east of the Grand Banks. An overwhelming 
majority of the area between Orphan Knoll, Flemish Cap and 
Newfoundland is, therefore, continental, and no major lateral 
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Fig. 1 The magnetic trends of the continental 
shelfnortheast of Newfoundland based on tracks 
with maximum spacing of 10 km (refs 5.6). - - - -. 
Line marking | offset of edge anomalies, 2 
termination of N.W.-trending anomaly pair, 3 
divergence between offshore extension of Avalon | 
and Gander (magnetic) trends. and 4 Dover 
Fault.****, Localised magnetic trend obliquely 
crossing N.W -trending anomaly pair. + + + +. 
Magnetic trend extending Precambrian ` 
volcanics beneath sedimentary basins crossed by 
Grant? seismic reflection line (see fig. 2). --~-, 
Ocean-continent boundary. 
46° 


adjustment of the positions of Flemish Cap or Orphan Knoll has 
occurred. This requires that the continental edge used in 
palaeogeographic reconstruction should lie east of Orphan Knoll 
and Flemish Cap as indicated in Figs l, 2 and 3. | 

An offset in oceanic magnetic lineations either’side of the 
Charlie Fracture zone!® correlates well with the northern edge of 
the subsided northeast Newfoundland shelf and with an Offset of 
approximately 100-km in the gravity and magnetic ‘edge anot- 
alies’ at the continental margin (point | in Fig. 1)°:!*. This suggests 
that the Charlie transform fault can berelated directly to an initial 
offsetin the Canadian margin!®. Attempts to identify the seaward 
extension of one of the faultsin Notre-Dame Bay as the ancient line 
of weakness'? controlling that transform fault'*?* are only 


Fig. 2 Contours on basement (km) (refs 9,10) and 
bathymetry of the Newfoundland continental 
margin. ===, Ocean-continent boundary. 
~——, Inshore edge of subsided crust beneath NE 
Newfoundland Shelf ..... Grant? seismic re- 
flection line. A.C., Ackley City granite batholith; 
D.F., Dover Fault: H.F., Hermitage Fault; A., 
Avalon zone; G., Gander Zone; F.P., Flemish 
Pass. Numbered rectangles indicate location of 
refraction lines'” with high basement velocity; 
numbered ellipses indicate low basement 
velocity. 
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substantiated as far east as 52 “W (refs 9,16), whereas the olderand + 
more fundamental crustal boundary represented in Newfound- = 
land by the Hermitage-Dover Fault can be waced across the shelf 
to the inshore end of the Charlie Fracture Zone, by a series of 
disruptions in the geophysical data (points L-4, Fig. 1). 

A pair of positive and negative magnetic anomalies with a 
northwesterly trend, 100-km long and centred at approximately 51 
1/2 °N, 50 1/2 °W, must overlie continental crust because they are 
superimposed by subsidiary N-NE trending anomalies that can 
be traced to pre-M@sozoic features asltore (Fig. 1). ‘Basement’ 
velocities of 5.1-5.3 kms”! obtained over this region have been 
interpreted as indicating a decrease in the effect of the Acadian 
orogeny nortleast of Newfoundland!”. On the basis of correlation 
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with magnetic field trends, however, the adjacent higher (Acad- 
ian?) velocities (5.7-€3 kms ~t) probably extend to the continental 
margin north of the refraction lines. The lower vefocity area has in 
fact subsided along faults subparallel to the continental margin as 
indicated by the change in depth to seismic basement (Fig. 2) and 
the increase in wavelength of the transverse magnetic anomalies. 
The northwest-trending anomalies, which reflect this basement 
faulting, are abruptly terminated along the southwestward pro- 
jection of the trend of thé Charlie Fracture Aone (2 in Fig. 1). 

Further projection of this trend southwestward follows the 
boundary between the contrasting magnetic anomaly patterns of 
the Avalon and Gander tectono-straugraphic *zones'*. The 
arcuate magnetic trends of the Avalon Zone and the Grand Banks 
veer steadily to the east while the trends of magnetic anomalies 
emanating from the Central Mobile Belt veer gradually northward 
(3in Fig. 1). 

The calculated depths to an intermediate crustal layer of velocity 
6.9-7.6 km s` fref. 17) can accomodate a 2-km normal fault!4 
between refraction lines 148%and 149 (Fig. 2). The reduction in 
amplitude and increase in wavelength of magnetic anomalies that 
would be associated with such a fault, are found at the eastern edge 





Fig. 4 Trans-Atlantic correlation between north-east Newfoun- 
dland and Hereynian trends. The Collector Anomaly” marks the 
southern limit of the Avalongircuate magnetic zones. Juxtaposilion 
ofS. America and Eusope is bused ona morphological fit between the 
two margins in which no movement of continental fragments has 
been closed**. No other justification is claimed for this recon- 
struction, and the roughly concentric nature of trends prevails other 
reconstructions are used. C.F.Z.. Charlie Fracture Zone: OK. 
Orphan Knoll: F. Cap, Flemish Cap: P.B.. Porcupine Bank.® 


Fig. 3 The gravity trends of the continental 

shelf northeast of Newfoundland. “Bouguer 

anomalies on land and free air anomalies at sea. 

Ocean-continent boundary and Dover~Chatie 
ae Fault Zone line from Fig. 1. 
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of the high magnetic zone that enters Newfoundland on the 
western side of the Dover Fault (3 and 4 in Fig. 1). 

The Dover!’ and Hermitage Faults?° define the boundary 
between the Gander and Avalon Zones (Fig. 2). The fundamental 
nature of tis boundary established on land, combined with the 
ability tô trace its extension. by means of geophysical boundaries 
(1-4, Fig. T). to an offset in the continental margin and the western 
end of the Charlie Fracture Zone. indicates that the 
Hermitage- Dover Fault Zone is ancestral to the Charlie Fracture 
Zone. es s 
Cherkist 5?! has suggested from magnetic field data that the line 
of weakness along which the Charlie transform fault developed is 
also the location of the Herceynian (Vayscan) Front. Although 
magnetic trends in Europe have been interpreted as associated 
with Hereynian deformation**, the seaward extension of any trend 
(magnetic or gravity) that might correlafe with the Hercynian 
Front itself, is not apparent west of Treland?3-?4. On most 
palueogeographic reconstructions of the North Atlantic, however, 
those magnetic trends in Europe attributed to Hercynian defor- 
mation are roughly concentric with the arcuate magnetic zones of 
the Grand Banks and the Avalon Zone (Fig. 4). If the Hercynian 
Front hes at the northern limit of those magnetic zones, as in 
Europe, the impheation would be that the Hercynian Front 
follows the Hermitage- Dover Fault Zone. but this suggestion can 
be opposed on geological grounds. Work in progress on clearer 
identification of those potential field trends associated with strictly 
Hereynian featuges in North America and Europe indicates that 
the arcuate zones in Newfoundland and Iberia are Precambrian 
rather than Palaeozoic. Hercynian trends would, therefore, be 
associated with disruption of the magnetic pattern rather than the 
pattern itself, 
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Preliminary palaeomagnetic = o 


results from Makapansgat and Swartkrans 


THe South African hominid sites have proved difficult to 
date since radiometric and fission track methods have 
yielded no results, and faunal and geomorphological methods 
provide only wide limits. We describe here preliminary 
palaeomagnetic results which suggest that polarity strati- 
graphy can be used at these sites, and which indicate an 
age of between 2.8 and 3.3 Myr for Member 2 of the 
Makapansgat Formation. 

Samples were collected at the Swartkrans and Makapans- 
gat Limeworks sites. Both sites were described by Brain’ 
who has subsequently revised his interpretation. of Swart- 
krans? and in conjuction with Butzer has suggésted new 
nomenclature’. Detailed mapping at Makapansgat by one 
of us (T.C.P.) has led to a revision of the stratigraphy 
which will be briefly described here. Full details will be 
published elsewhere. 

Thg Makapansgat Formation constitutes the cave filling 
at the Makapansgat Limeworks hominid site, the cave being 
a solution cavity in the Malmani Dolomite of the Transvaal 
Supergroup. The lowest member (Member 1!) is a con- 
taminated travertine, Mcally bone-bearing, deposited on an 
irregular dolomite floor and locally tilted and distorted. 
Member 2, which forms the ower part of Brain’s Lower 
Phase | unit', is a b®ne-bearing brownish-red well-bedded 
deposit of silt to fine sand grade material coarsening up- 
wards, and is 2-10 m thick. It was deposited subaqueously 
within the cave and there seem to have been two depositor- 
ies, One to the east and one to the west, separated by a 
floor high but controlled by a common water table level close 
to 1458-m elevation. Member 3, formerly the Grey Breccia 
of Lower Phase 1, is a thin (0.5-2.0 m) deposit consisting 
largely of a densely packed accumulation of bone cemented 
by calcite. Much of the Makapansgat fauna is derived 
from this Member which unconformably overlies Member 
2. Member 4, formerly the Pink Breccia of Upper Phase 1, 
is a thick (3-15 m) deposit of pinkish silty sand material 
containing many angular chert and dolomite fragments, 
the larger of which are probably derived from roof falls, 
and local concentrations of bone. Member 5 (formerly the 
Red, or Phase H, Breccia) constitutes a locally well-stratified 
brownish-red silty sand matrix containing abundant chert 
and dolomite fragments and resting unconformably upon 
an eroded surface of Member 4. This unconformity pro- 
bably represents a considerable lapse of time. Bone, often 
poorly preserved, is scattered throughout Member 5. Most 
of the remains of Australopithecus africanus were recovered 
from Member 3, but the posterior part of one cranium was 
recovered from Member 4, and one equivocal maxillary 
fragment from Member 5, i 
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Forty palaeomagnetig samples were collected. The very 
varied physical nature of the rocks dictated a variety of 
collecting techmiques.* At Swartkrans 15 block samples, 
oriented magnetically, were céllected. At Makapansgat 18 
samples were cored and four (all from Member 1) were 
collected as blocks; all of these werg oriented with a theo- 
dolite using Sun sights. Three samples from soft red muds 
(Member 2) in the deepest part of the cave were encased in 
small plastic cubes end oriented magnetically. Member 3 
was not sampled, due to the poor mechanical properties of 
the rock at the accessible localities. All measurements were 
made in the Salisbury laboratory using a spinner magneto- 
meter described by van Oorschot and Ridler‘. Routine: 
AF cleaning was used and a stable component was isolated 
at typical peak fields of about 20 mT; many samples showed. 
evidence of rotational remanent magnetisation® at higher 
fields. Stable directions were arbitrarily classified as normal 
(N) or reversed (R) if they were within 40° of the relevant 
dipole field direction and as intermediate (1) if they fell 
outside this limit. Samples which showed erratic dem&gneti- 
sation, or which exhibited internal disagreement between 
specimens were classified as giving no result (X). 

The results for Swartkrans are shown in Table I. One 
sample broke up during preparation and only 14 are shown 
in the table. Of these, eight are unstable or inconsistent, 
four are intermediate and two are normal. The large num- 
ber of unstable samples is disappointing and the proportion 
of intermediate samples is higher than would be expected 
for a geomagnetic field effect. Even if the two normal 
samples represent an original primary magnetisation we do 
not feel that any chronological conclusions should be drawn 
from these data. j . 





Table 1 Polarity data for Swartkrans 





Unit Sample No. (PM) Polarity of 
. samples 
Member 1, Unit BI 1,2 x, I 
Pink Breccia 
Member |, (nit B2 3,4 II 
Pink Breccia 
Member 1, Unit € 5.6, 7 X,X,X 
Orange Breccia 
Member 2, Inner Cave 8,9, 10, 11 T,X, X, X 
Stratifed Brown Breccia | 
Member 2, Outer Cave 13, 14, 15 N, xX, N 





Samples from Makapansgat showed much greater stab- 
ility: the results are given in Table 2 and shown schematic- 
ally in Fig. 1. Member | is entirely reversed. The beds at 
the point of sampling are tilted and when the palaco- 
magnetic directions are corrected for the tilting they become 
significantly more scattered (although still reversed). sug- 
gesting that *the magnetisation was acquired after tilting. 
Member 2 is horizontally bedded and lies with minimum 
distortion upon the tilted Member 1, indicating that the 
deposition of Member 2 also occurred after the tilting. In 
Member 2 the lowest sample in the western depository is 
intermediate, whilst the remaining 5 horizons (containing 
12 samples) are all normal. Low in Member 4 an inter- 
mediate horizon occurs, while high in Member 5 two 
reversed horizons occur followed closely upwards by two 
intermediate horizons. 

The simplest interpretation of these results is that there 
is an upwards reversed to normal transition low in Member 
2 which is otherwise entitely normaf. An intermediate 
horizon low in Member 4 suggests a transition back to 
normal, but since Member 3 was not sampled it is not clear 
whether this is the transition immediately following that in 











; Table 2 Polarity data for Makapansgat 
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Unit Sample No. ( MT) Polarity of 
by horizons horizon 
Member 5 25 i 
* 24 I 
23 R 
I8, 19 R 
Member 4 20, 241,22 ° I 
Member 2, east 15, 16, 17 N 
12,13, 14 N 
Member 2, west 8,9 N 
5,6,7 N 
0 N 
; an i I 
Member | 2 R 
3 R 
1 R 
Member 2. A reversed section high in Member 5 followed 


“by two intermediate samples suggests another reversed to 
normal transition. The placement of these polarity changes 
in the polarity time scale must depend upon other evidence 
for the approximate age of the beds. 
= Two other lines of evidence are available. The firs? is 
geomorphological. Partridge, using estimates of nickpoint 
migration and valley widening, calculatgs an approximate 
age for the cave opening at Makapansgat of 3.7 Myr (ref. 
6). This is the time from which cave filling became pos- 
sible, and is therefore a maximum age for the deposits. 
The second is faunal. Cooke’ has used suid evidence to 
suggest that the Makapansgat fayna is “in the vicinity of 2.5 
to 3.0 million years old” (quoted by Tobias‘ in a review of 
the evidence). White and Harris” have recently suggested 


Fig. 1 A schematic stratigraphic column of the Makapansgat 
Formation showing the polarity at each sampled horizon (see 
Table 2 for the basic data). 
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that “the Makapansgat (suid) fauna is equivalent in age 
to Members B-C of the Shungura sequence” in Ethiopia. 
The palaeomagnetic stratigraphy of Shuey er al.® for the 
Shungura Formation places the base of Member B, the base 
of Member C and the top of Member C at about 2.9, 2.6 
and 2.4 Myr, respectively. Vrba has used bovids to suggest 
tentatively that the Sterkfontein type site is “somewhere 
between 2 and 3 Myr” in age (personal communication) 
whilst Wells’’ feels that the Makapansgat fauna slightly 
predates that of Sterkfontein. The published faunal evidence 
is still rather scanty, but seems consistent with an age of 
between 2.5 and 3.0 Myr for M®&mber 3, from which the 
bulk of the fauna derives. These figures therefore set an 
approximate younger limit for the age of Member 2 in 
which the polarity change occurs. 

With these limits, the upwards transition from reversed 
to normal polarity low in Member 2 must have an age of 
3.32, 2.94 or 2.80 Myr if we use Cox’s” polarity time scale. 
The next closest Transitions in the same sense are at 3.90 
Myr ,(Cochiti) and 2.13, 1.98 or 1.79 Myr (Réunion or 
Olduvai) using the same time scale, and are well outside 
the limits set by the geomorphological and faunal evidence, 
It must be emphasised that the palaeomagnetic argument 
depends heavily upon the limits provided by the other 
evidence, but if these limits are valid it becomes possible 
to state that Member 2 of the Makapansgat Formation lies 
within the Gauss normal epoch and has a maximum age 
of between 2.8 and 3.3 Myr. The assumed transition low 
in Member 4 could then be one of those higher up within 
the Gauss or at its upper boundary. The reversed and inter- 
mediate directions high in Member 5 occur after what is 
believed to be a considerable lapse of time and may be 
associated. either with the Réunion or the Olduvai events. 

All of these conclusions depend upon the cleaned 
palacomagnetic directions being primary. Full details will 
be publ: shed elsewhere, but the demagnetisation behaviour 
both in’ direction and intensity suggests that a primary 
component has been isolated. Moreover, the mean directions 
of the normal samples in Member 2 both at sample and at 
horizon level lie closer to the dipole field than to the 
present-day field at Makapansgat, which suggests that 
recent remagnetisation has not occurred. 

We thank Dr C. K. Brain and Professor P. V. Tobias for 
access to samples and for other assistance at Swartkrans 
and Makapansgat, respectively. Financial support was pro- 
vided by the Wenner-Grenn* Foundation for Anthropolog- 
ical Research and the University of Rhodesia. 
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New aspects of Middle Palaeolithic 
variability in western Europe 


OBSERVATIONS are presented here on quantified aspects of 
Middle Palaeolithic variability which have not been studied 
systematically so far. The findings relate to differing degrees of 
secondary modification of lithic artefacts between asse*hblages. 
The variations correspond with distinct toolmaking entities 
defined for early Wiirm horizons in western Europe. They 
offer new perspeetives, however, on the interpretation of Middle 
Palaeolithic inter-assembfage variability by suggesting the 
possible importance of non-cultural causes for some of this 
variability. 

„Distinctive Middle Palaeolithic assemblages are found within 
stratified sequences or between individual sites. These differ- 
ences have been expressed quantitatively by comparing lithic 
assemblages through the classificatory method developed by 
Bordes ef al., particularly the polymodal frequency distribution 
of the racloir index, to which correspond characteristic tool type 
clusters'. Two main industry groups have been’ defined: le 
Moustier, which consists of the Denticulate, the Acheulian 
Tradition (or MTA) types A and B and the Typical Mousterian; 
and the Charentian, including the Ferrassie and Quina. This 
classificatory arrangement is the most widely accepted at present. 

Controversy persists, however, regarding the significance of 
‘polytypic’ Middle Palaeolithic phenomena. * Resolution is 
theoretically important because of the increased knowledge 
which may be obtained on the behaviour of Neanderthal popula- 
tions. Bordes interprets the different industry types as the 
manifestation of separate toolmaking traditions manufactured 
by distinct communities often coexisting within a same area’. 
Mellars supports the conclusion that most of the traditions are 
patterned chronologically*, while Binford favours a functional 
interpretation: the different tool type clusters are, specialised 
toolkits for the performance of various tasks by oulturally 
similar populations*. . . 

The evidence discussed here is derived from some 120 
assemblages excavated and sorted typologically by well-known 
workers over the last 25 yr. The method used concentrates on 
variable features of broad artefact groups and relies on the 
Bordes classificatory system. The basic observation unit in- 
cludes all regularly retouched tools (or implements)—all 
racloirs types, denticufates and notches, bifaces and types nos 
6-8, 30-35, 40-41 and 53-60 of the Bordes type list—whose 
frequencies are calculated agginst the number of implements 
plus all irregularly retouched, utilised or blank Levallois and 
non-Levallois flakes and blades. A distinction ts therefore made 
between regularly transformed and utilised tools and flakes 
casually modified or utilised or without macroscopic wear 
traces. Sub-categories are defined, including (1) ‘blanks and 
utilised flakes’, nos 1-5 and 45-50, of the list; (2) non-Levallois 
unretouched flakes; (3) ‘Levallois implements’, or the number 
of pieces among Levallois flakes which are modified into 
implements; (4) racloirs and (5) denticulates and notches. 
Ratios of flake tools and blanks to cores per assemblages are 
also included. 

Figure | shows the mean and range of implement frequencies 
for each Middle Palaeolithic industry type. The observed separ- 
ation into two clusters agrees with a sorting of assemblages into 
le Moustier and Charentian groups. A maximum distance is 
found between the Denticulate and Charentian industries and 
the plotted ranges are discontinuous. The Typical and MTA 
show intermediary values overlapping with other industry 
types. A similar pattern was noted among individual sites 
sequences, “for example, at Combe-Grenal, Hauteroche. 
Caminade, Armand Chadourne and le Maras, suggesting the 
presence of a recurrent, consistent trend, 

Table la compares averages of frequency variations for artefact 
sub-categories among Middl& Palaeolithic industries. The 
differential patterns are consistent with those shown for 
implement frequencies. Values for Levallois implements, though 
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generally higher. conforyn with previously observed tendencies. . 
In Table 14, ratios of flakes and blanks to cores again conform | 
with the earlier findings, the highest values being associated 
with the Charentian. . . 

The data suggest that differential blank production and 
secondary modification are correlated, Higher blanks and flake - 
implements to core ratios may be due to more exhaustive flaking | 
of flint nodules, although other factors may be involved. Taken 
together, both couldy be attributed to non-cultural causes, for- 
example, the influence of environmental circumstances inducing. 
more economical uses of lithic material, as illustrated by the- 
following studies. J 

In one case, it was shown that scarcity of flint in some 
crystalline regions determined increased secondary flaking and ` 
the development of primary flaking techniques making. 
optimal use of available flints’. Another study has contrasted _ 
within the same le Moustier traditions, the open-air summer- 
camps of short duration with the more sedentary rockshelters: 
or caves settlements. In the latter, more Levallois blank pieces- 
were secondarily transformed into implements thanein the 


former." 
o 


Implements (%,) 


* 0 10 20 30 40 50 60 70 80 90 


Le Moustier 


| 


“o y a ee ee 


a 


Charentian 


+ 


Z 
= 
> 


F mene 
a nn 
>~ Q 
Fig. 1 Average implement frequencies and ranges for Middle 
Palaeolithic industries, D, Denticulate; F, Ferrassie; MTA, 
Moustérian de Tradition Acheuléene; Q. Quina; T, Typical; 
i implement frequencies. Data are derived from artefact counts 
of sites in western Europe: Grainfollet (shelter, beach); Méru, 
Oissel, Houpeville (séries rousse et claire), Bihorel (H), Hamel 
(8), Busigny, Laigny (C), Evreux (6), Gros-Monts (2), Goderville 
(s. lustrée) Tillet (s. café-au-lait), Marcoing, Oldbury, Combe- | 
Grenal (1, 6-38, 40-43, 46, 50-52 54), Pech de Aze, locus | 
(3, 4F, A, B, C. 5, 6, 7), locus H (3. 4B, 4F, 4C2), Hauteroche - 
(1, 3), Bouheben (1, 1°), Nantet 1, Abri Chadourne (A, B. C, Dh © 
Caminade (1, 2, 3, 3s), la Rochette (7), Las Pénélos, Mas-Viel, 
Vauzelle, Plateau Baillard (1, 2), Chinchon, le Dau, PErmitage, ~~ 
Petit-Puymoyen (Grotte, 2, bréche, 3), Baume-Vallée, le Madriat, - 
St. Maurice-sur-Loire, le Maras (1, 3. 4, 5), Ranc-Pointu, le. 
Figuier, Blanzy, Hortus (16-21A, 18-25, 7-17), Rigabe ( 
Bas-Guillotte, Grotte Tournal (1, 2, 4. 5), Abri Romani (4-8, 
9--9a e}0-13), San Francesco, Kokkinopilos (Greece). 







These explanations, though probably correct in their context, 
do not apply here for varfoOus reasons. First, most of the sites. 
represented by the data are from regions where flint or equivalent © 
raw materials are regularly available. Second, the most pro- 
nounced quantitative differences involve industries such as the 
Denticulate and the Charentian which occur mostly in rock- 
shelter or cave sites in Western Europe, often within the same ` 
stratified successions. And third, more significantly, average. 
differences in primary and secondary flaking co-vary with) 
defined Middle Palaeolithic traditions, instead of forming non- | 
cultural facies within them. These differences apply to Levallois | 
and non-Levallois flakes. Consequently, the variations do not 
seem to be related to environmental circumstances such as a 
settlement dichotomy or regional scarcity of flint. 
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° 2 
Middle p ` Utilised 
Palaeolithic * and 

industries Implements blanks 

D j 17.4 24.7 

T 22l 26.5 

MTA 25.6 25.4 

F 43.0 21.4 

49.8 © 10.6 

Sample averages 29,9 22.0 

N assemblages 120 120 


b 
Flakes and 
Levallois Non-Levallois flake tools 
implements plain flakes ratios 
35.0 STT 20.2 
36.4 50.8 22.5 
. 49.4 48.5 14.7 
49.6 35.4 31.0 
58.6 39.5 33.3 
43.3 47.9 aoe 
98 120 . 94 
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On the other hand, it would be difficult to test independently 
© a hypothesis stating that these new observations constitute an 
additional seteof cultural norms from distinct toolmaking tradi- 
~ tions. Other quantitative data give little support for a ‘cultural’ 
hypothesis. 
First, the implements frequency histogram for the entire 
me sample | is continuous and unimodal, suggesting a single pheno- 
< menon? whereas a polymodal model, analogous to that for the 
- racloirs index, would be expected for distinct tpolmaking 
norms. Second, the scatter diagram (Fig. 2) shows that high 
implement frequencies depend mostly on increased racloirs 
frequencies. Racloirs along with denticulates and notches are 
< the most frequent Middle Palaeolithic implement classes. Their 
relative variations provide diagnostic criteria for the identifica- 
tion of most early Wiirm traditions in tMe Bordes system. 
Racloirs predominate strongly in the Charentian, denticulates 
and notches in the Denticulate and type B Acheulian Tradition 
Mousterian. We show above that the variations in implement 
frequencies revealed by this study are due to increases in 
racloirs manufacture rather than is miscellaneous implement 
forms. If preference for racloirs expresses the design norms of 
Charentian populations, it should be emphasised that the manu- 
facture of stylistically alternative forms is never commensurate 
with that of racloirs in other toolmaking traditions. This 
- analysis is the first to measure this non-equivalence or quanti- 
> tative asymmetry. It confirms but amplifies the conclusion that 
< racloirs constitute the fost dynamic artefactual element in 
-Middle Palaeolithic assemblages and also suggests that more 
-<than cultural preferences may be involved in high racloirs 
<- frequencies, e 
The discovery of new dimensions of variability adds to the 
~ number of open problems identified with the Middle Palaco- 
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_ Fig. 2 Scatter diagram of implement frequencies (1) with a 
- racloirs {R} frequencies and b denticulates and notches (D = N) 


frequencies. Only a shows positive association, 
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lithic. These problems are present at a descriptive (statistical) 
and interpretative (anthropological) level: (1) to what extent do 
the graphic patterns for lithic assemblages represent either one 
or more original populations? (2) The issue of whether inter- 
assemblage differences can be interpreted in terms of the 
existence of distinct identity-conscious groups or of several 
discrete activities within a single one remains unresolved. Both 
interpretatigns are theoretically reasonable but neither has been 
subjected to sufficiently stringent tests. 
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‘Modern’ lizard from 
the Upper Triassic of China ° 


LizaRDS are the most numerous, varied and widespread of 
living reptiles. An essentially modegn lizard fauna has 
existed throughout the Tertiary and members of many 
modern lizard families are known from the late Cretaceous. 
Earlier in the Mesozoic, very few fossils of lizards are 
known. Lizards from the Upper Jurassic may be related to 
the ancestors of modern groups, but are placed in distinct 
families. Lizards previously described from the Upper 
Triassic of Europe’ and North America’ are considerably 
more primitive, retaining many cranial features in common 
with their ancestors from the Upper Permian and Lower 
Triassic’. We give here the first description of an Upper 
Triassic lizard.with an essentially modern cranial mor- 
phology. This specimen is interesting with respect to the 
origin, differentiation and zoogeography of the modern 
lizard groups. 
Class Reptilia 
Order Squamata 
Suborder Lacertilia 
Infraorder Incertae Sedis 
Family Fulengidae n. . 
Fulengia youngi, gen. nov. et. sp. nov. 

Holotype: CUP 2037, skull, lower jaws and associated 
vertebra; collection of the "Catholic University of Peking, 
now housed in the Field Museum of Natural History, 
Chicago. Collected by Fr E. Oehler, SVD in 1948 or 1949; 
part of a rich fauna of therapsids and archosaurs‘. 
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ming, Yunnan Province, China. Dark Red Beds, region by Dr C. C. Young. PE 
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Lower Lufeng series, Upper Triassic, equivalent to the Diagnosis: a combination of the following characteristics 
Norian or Rhaetic of Europe’. The generic name is an distinguishes this form from other lizards previ 
anagram based on the locality from which the specimen described from the Mesozoic and Cainozoic: | 





Fig. 1 Fulengia youngi gen. nov. et sp. nov., holotype, CUP 2037. a, Left side of skull; in outline drawing areas only questionably identifiable 
have been omitted, diagonally shaded area distinguishes palatal elements crushed into plane of skull roof; dotted line indicates approximate 
position of division between lacrimal and maxilla; dashed line indicates anterior margin of quadrate. b, Right side of skull; most of the | 
right maxilla"has been displaced posteriorly relative to the maxillary teeth. c, Ventral view of skull with lower jaws covering palate; broken. 
line on surangular indicates normal dorsal extent of displaced angular. d, Dorsal view of anterior portion of skull. e, Lateral view of left — 
lower jaw. f, Teeth of left dentary (below) and maxilla; teeth seen in section are from the more anterior porpion of the maxilla that has 
been telescoped between the other*elements. g, Associated vertebra in ventral view presumed anterior,end uppermast. (a~e, * 2; f1 xB; 
g, * 4). a, Angular; art, articular; bo, basioccipital; CB, first certaobranchial; co, coronoid; d, dentary; dt, displaced tooth; f, frontal; 
Jj, Jugal; l, lacrimal; m, maxilla; n, nasal; p, parietal; pal, palatine; par, paroccipital process; pf, postfrontal: pm, premaxilla; pmt, pre- 
-Maxillary tooth; po, postorbital; pro, proétic; pt, pterygoid; q, quadrate; sa, surangular; so, supraoccipital; sot, spheno-occipital tubercle; - 
< $p, splenial; sq, squamosal; st, supratemporal; v, vertebra; subscripts | and r refer to bones from left and right side where there is a 
o possibility of confusion. In the case of the frontal, they indicate broken elements df a median bone. 
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frontal; paired premaxillae with long naşal processes; large 
upper temporal opening with a margin partially formed 
by the postfrontal; postorbital triradiate and nearly vertical; 
lateral articular suface of paroccipital process large, 
indicating support of quadrate and squamosal: lacrimal 
reduced; approximately five teeth in the premaxilla, nine in, 
the maxilla and 13 in the dentary; teeth fully pleurodont, 
closely resembling those of the modern genus Iguana iguana, 
laterally compressed, cuspate crowns whose anterior margin 
is angled toward the midline; low coronoid process, 
approximately midway between articular and symphysis; 
splenial extending from behind coronoid to symphysis; 
vertebrae weakly procoelous; skull of only known specimen 
38 mm long. The absence of comparative material from the 
early Mesozoic makes composition of a proper differential 
diagnosis impossible. There is no clear basis for determining 
which characters may be diagnostic at the level of species, 
genus or family, although it is probable that dental 
characteristics and relatively large size are typical of the 
speci@s or genus, but not family. In spite of the probable 
exclusion of this genus from previously recognised lizard 
infraorders, we do not consider it desirable to create a new 
infraorder on the basis of a single incomplete skull. 

The skull (Fig. 1) is flattened laterally and telescoped from 
back to front, as well as having some individual elements 
further displaced. Simmons’ indicates that many specimens 
from this locality give the impression ef being coprolitic; 
passage through the digestive system may account for the 
damage to this specimen. Although the bones identified in 
Fig. 1 are for the most part clearfy defined, in other areas 
of the specimen it is not possible to differentiate bone from 
matrix. Some of éhe bones are broken and deeply fissured, 
but there is little difficulty in differentiating sutures from 
breaks. 

The configuration of most of the bones of the roof of the 
skull can be seen from one side or the other. Important 
exceptions are the parietal and squamosal. The area of the 
parietal is too poorly preserved to show whether or not the 
bone is paired, but St appears to be efused medially. The 
parietal foramen appears to have been located at the 
juncture between the frontal and parietal. The position of 
the paroccipital process defines the extent and orientation 
of the squamosal, but the specific relationship with the 
quadrate (the dorsal portion of which is covered by the 
proétic and postorbital) cannot be determined. 

With the exception of brief reference to more advanced 
forms’, our knowledge of Late Triassic lizards is limited to 
the specialised gliding forms from Great Britain and North 
America in the family Kuehneosauridae. In spite of their 
extreme postcranial specialisation, these genera retain a 
skull morphology similar to that of the late Permian and 
early Triassic Paliguanidae* from South Africa. The oldest 
described members of the infraorders Gekkota, Iguania, 
Scincomorpha and Anguimorpha are from the late Jurassic 
of Europe and China". The only living infraorder of lizards 
not recognised in the Upper Jurassic is the Amphisbaenia, 
known only since the early Tertiary’. Differentiation of the 
modern infraorders presumably began early in the Jurassic 
or even in the Upper Triassic. . 

Fulengia does not show the particular combination of 
features by which members of the Gekkota, Anguimorpha 
or Amphisbaenia are recognised. What is known of the 
skull, as restored (Fig. 2), resembles in a general way the 
pattern of primitive members of the Iguanidae, some large 
telids and members of the extinct scincomorph families 
recently described from the Upper Cretaceous of North 
America and Mongolia’. Most of the features that it shares 
with these groups, h@wever, are clearly primitive: for 
example, the presence of a l&rge dorsal temporal opening, 
a complete postorbital bar and a vyertically oriented, tri- 
radiate postorbital, and do not support assignment to any 
of these families. The massive lower jaw and tbe tiny 
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Fig. 2 Fulengia youngi, gen. nov. et sp. nov., reconstruction of 

the skull in lateral view » 2. Bones and teeth shown in broken 

lines are either missing or covered by other elements in the 

specimert. They are reconstructed on the pattern of the living 
iguana. Abbreviations as in Fig. |. 


coronoid distinguish this genus from members of all living 
reptile infraorders. 

The dentition of Fulengia (Fig. 1f) is presumably a 
specialised characteristic and probably less important than 
the pattern of the skull bones in establishing infraordinal 
relationships. Multicuspate, laterally compressed tooth 
crowns similar to those of Fu/engia are known in numerous 
living lizards belonging to diverse taxonomic groups. Where 
stomach contents have been studied*, such a pattern is 
associated with a primarily herbivorous diet. Accepting a 
skull: trunk ratio similar to that of living iguanids with 
similar skull size’ and length: weight ratios determined by 
Pough" the weight of this specimen would be approximately 
80 g--*towards the top of the range for primitive insectivores, 
But ne&r the bottom of the range for herbivores’. Dental 
specialisation toward a herbivorous diet and relatively large 
size are features not expected in primitive lizards and 
particularly not in the group(s) ancestral to the advanced 
infraorders, most of which are represented by small, 
apparently insectivorous, forms in the late Jurassic. The 
relatively large size of the skull was probably an important 
factor in its preservation, in view’ of the extremely poor 
fossil record of other, smaller, lizards in the early Mesozoic. 

Fulengia itself can be viewed as a precociously specialised 
genus, divergent from the main life of lizard evolution. 
Other members of the family to which it belonged may have 
been closer to the ancestry of modern groups. The Fulen- 
gidae may (1) be related to the stock from which the known 
iguanians arose; (2) represent an earlier stage, close to the 
ancestry of most lizard infraorders, or (3) exemplify an 
independent achievement of some modern lizard features 
from the primitive eolacertilian stock. The absence of 
comparable forms in the Triassic and early Jurassic makes 
it difficult to establish the relationship of Fulengia more 
specifically. 

We thank “the Field Museum of Natural History for the 
loan of this specimen. This study was supported by grants 
from the Merrill Trust and the National Research Council 
of Canada. 
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Adaptive reduction in permeability of avian 
eggshells to water vapour at high altitudes 


We report here the existence of an altitudinal cline in per- 
meability of eggshells to water vapour for eggs of a North 
American species of bird. This pattern of geographic variation 
in permeability of eggshells seems to have arisen as an adaptive 
response to altitudinal variation in the diffusivity of water 
vapour through air. Diffusivity of atmospheric gases has not 
previously been widely recognised as an important component 
of the physical environment to which organisms are exposed, 
and our findings provide further evidence for the pervasiveness 
of natural selection. 

A bird egg loses water continuously during normal incu- 
bation owing to the outward. diffusion of water vapour through 
pores in the calcareous shell'~°. The loss of a certain amount 
of water from the egg is essential for the normal development 
and hatching of the embryot, for the escape of water allows an 
air space to form in the blunt end of the egg® and this space ts 
the source of air for the first breaths taken by the embryo 
before hatching’. Reserves of water within the egg to support 
the metabolism of the developing embryo are fixed in amount, 
however, and the loss of large quantities of water from the egg 
could be detrimental’. Thus, porosity of the eggshell is delicately 
adjusted (in an evolutionary sense) to assure that only as much 
water is lost from the egg during incubation as is required for 
formation of an air space of the necessary volume**’. » > 

Eggs laid by birds breeding at high altitudes face a potential 
disruption of the balance between water loss and water con- 
servatgon", simply because molecules of water vapour diffuse 
more rapidly through air in conditions of low atmospheric 
pressure characterising high altitude environments than in 
atmospheric conditions of low altitudes*. Therefore, as a 
working hypothesis, we predicted that permeability of eggshells 
to water vapour is lower in eggs of birds breeding at high 
altitudes than in eggs of conspecifics breeding at low altitudes, 
thereby compensating *for the increased diffusivity of water 
vapour in air at high altitudes. 

During June 1976, eggs of barn swallows (Hirundo rustica) 
were collected from nests at nine localities along-an altitudinal 
gradient running from the town of Crook in the South Platte 
River Valley of northeastern Colorado (elevation 1132 m), to 
South Park in the mountains of central Colorado (elevation 
2883 m). The diffusivity of water vapour in air is approximately 
25°, higher at Sou . Park than at low elevations in north- 
eastern Colorado. ‘Onl 









lv-one egg was taken from each nest 
because eggs of a single female are likely to have similar 
permeabilities to water Vapour®. 
Following transpor he eggs to our an at Colorado 
State University, the eggs- were placed randomly in vented 
desiccators above flakes. of potassium hydroxide to maintain a 
dry atmosphere!. The desiccators were held in a constant 
temperature cabinet at 25°C, a temperature too low for 
embryogenesis to proceed". Each egg was weighed six times on 
an analytical balance at approximately 24-h intervals, and the 
rate of weight loss—which we attribute largely to the escape of 
- water vapour—was computed by a linear regression procedure. 
The volume of each egg was then measured by displacement of 
water, and its surface area calculated using the equation of 
Paganelli, Olszowka and Ar. ° 
Assuming that the vapour pressure at inner surfaces of 
eggshells was 23.76 torr (that is, the vapour pressure of pure 
















"(ug d~ 1 torr™!), Muyo is the rate of water loss (ug dœ), 
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water at 25 °C) 1223, the gonductance of eggs to water vapour 
was calculated from ‘the formula . 

e 


Gu = My od/ AP ye 
where Gyo is the conductance of ap egg to water vapor 
and 
AP is the gradient in vapour pressure across the eggshell 
(torr). All values wereeorrected to sea-level pressure (ref. 8). 

A regression analysis of variance (Table 1) revealed a linea 
decline in conductance of barn swallow eggs to water vape 
with increasing altitude of the nesting site (Fig. 1). This r 
duction in water-vapour conductance of swallow eggs fron 
montane localities is similar to that reported earlier for eggs. of 
domestic fowl maintained for several generations at a high j: 
altitude’, but differs from the latter in an important respec 
Reduced conductance of eggs of domestic fowl at high altitude 
just compensates for the increased diffusivity of water vapour, : 














Table 1 Regression analysis of variance of conductances or barn 
swallow eggs to water vapour in relation to altitude of the nesting n 


sites oo 

Source of Sum of Mean 28 
vareation squares df, squares F-ratio P a 
Linear i : 
regression 183,990 l 183,990 13.07 <0.005 
Deviations : = 
from linearity 114,049 7 16,293 1.16 2 O25 ei 
Error 351,886 25 14,075 Le 
Total 649,925 e 33 A 





This analysis indicates that a linear model is adequate to describe oe 
geographic variation in conduetances of eggs fo water vapour, and 
that the slope of the line is significantly different from zero. | 


resulting in total water losses from eggs during incubation that 
are similar to those experienced by eggs from low altitudes, 
In contrast, the adaptive reduction in conductance of swallow: 
eggs with increasing altitude of the nesting site is greater than 
that required simply ‘to compensate for the increased diffusivity 
of water vapour at high altitude. For example, whereas a 17%. 
reduction in conductance of swallow eggs would jasto __ 
compensate f8r the increased diffusivity of water vapour at 
3000 m as compared to 1500 m, the observed reduction in. __ 
conductance between these elevations is 59% A 
Adaptation of barn swallows to high altitudes differs from- 
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Fig. 1 Linear regression of conductances of barn swallow eggs 
to water vapour (corrected to sea-level pressure) against altitude _ 
of the nesting sites (y = 564--0.140x). The two extraordinarily 
high values identified with arrows represent eggs that probably — 
suffered hair-line cracks during transport, amd these values were 
not included in the analysis of variance (Table 1). Bartlett's test 





sample variances (x? = 9.65; d.f. = 8; P > 0.1). The correlation 


` coefficient for the regression line is 0.53. 
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Fig.2 Linear regression of permeabilities of barn swallow 
eggshells to water vapour against altitude of the nesting sites 
(y=75.18—0.0176x). Permeability of each eggshell was com- 
puted by dividing the conductance of the egg to water vapour by 
the galculated value for surface area'. The slope of the line is 
significantly different from zero (F25 ~ 11.67; P <0.005), 
and the data do not depart significantly from linearity 
(Fs. 25 1.39: Px 0.25). The correlation coefficient for the 
regression line is 0.50. Arrows identify the statistical outliers 
to which reference was made in the caption to Fig. 1. 


the example of domestic fowl in another important way. 
Adaptive reduction in conductance of gens’ eggs at high 
altitude stems from reductions both in size of eggs (and there- 
fore in surface area) and in permeability of eggshells to water 
vapour™. In contrast, eggs of barf’ swallows do not vary 
in size among the populations sampled in this investigation 
(Fy.o7 = 1.49; P >,0.1), and the entire decline in conductance 
with increasing elevation is attributable to a parallel decline 
in permeability of eggshells (Fig. 2). Thus, domestic fowl and 
barn swallows exhibit different adaptive strategies in their 
responses to reduced atmospheric pressure. 

The observed pattern of altitudinal variation in permeability 
of barn swallow eggshells to water vapour has important 
implications pertainingeto the comparative biology of montane 
and piedmont populations of the species. For instance, eggs 
of various bird species experience a loss of water during 
incubation amounting to 14-18°, of the weigkt at laying”. 
Assuming that eggs of barn swallows from montane and pied- 
mont populations experience similar fractional weight losses 
prior to hatching, then incubation periods may be longer at 
high altitudes*™, or effective ventilation of nests may be 
increased at montane localities, thereby providing for lower 
vapour pressures in air adjacent to incubating eggs and for 
higher rates of water loss from eggs during natural incubation’, 

The porosity of avian eggshells apparently is a heritable 
characteristic’. The size and number of pores through an 
eggshell is established at the time of shell formation", and the 
permeability of the eggshell to water vapour remains constant 
throughout incubation'®. When heritability of porosity is 
combined with a tendency for birds to return to the locality 
wher they were born’, it is possible for natural selection to 
act on variation in porosity of eggshells to effect a Uifferentiation 
of populations with respect to this characteristic'*, Presumably, 
this explanation accounts for the origin and maintenance of the 
clinal pattern of variation obser%ed by us for eggs of barn 
swallows. 

Dr T. J? Boardman advised us on statistical procedures, 
Dr D. L. Kilgore, Jr, and Mr R. K. Stiverson read a draft 
manuscript, and Mr J. R. Sotherland helped us to collect the 
eggs. This work was supported by the NSF. 
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Virus-like particles in the nematode 


Romanomermis culicivorax (Mermithidae) 


EARLY reports of virus infections of nematodes remain un- 
confirmed!*, although more recently virus-like particles were 
reported occurring in the intestinal cells of a plant-parasitic 
nematode*, The only confirmed reports of viruses found inside 
nematodes ar@ plant viruses which occur in the digestive tracts 
of their nematode vectors’. We report here the presence of 
virus-like particles in cells of the infective stages of the mosquito 
parasitic nematode, Romanomermis culicivorax. 

Cultures of R. culicivorax Ross and Smith (Reesimermis 
nielseni Tsai and Grundmann) had been cultured in vivo 
in larvae of the mosquito Culex pipiens quinquefasciatus Say. 

Cultures containing eggs of the nematode were flooded with 
water and yielded preparasitic (infective stage) juveniles that 
were prefixed for | h in phosphate-buffered 1°, gluteraldehyde 
then tramsferred to a 1%, solution of osmium tetroxide. They 
were then placed in agar blocks, dehydrated in an ethanol 
series and double embedded in Araldite. Sections made on a 
Porter—Blum microtome were stained with uranyl acetate and 
examined with a Philips EM 300 electron microscope. 

Each of 10 preparasitic juveniles of R. cu/icivorax examined 
contained virus-like particles in the hypodermal cords, cells 
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Fig. 1 Crystalline array of vigus-like particles (arrow) in hypo- 
dermal cord of preparasitic juvenile of R. culicivorax ( x 50,000). 
Insert shows isolated virus-like particle with inner core and outer 

. envelope ( < 100,000). 
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Polyacrylamide gel electrophoresis with Pharmacia Gradient Gels PAA 4/30 : | — 
and new PAA 2/16 gives you 
Reproducible — Reproducible gradient shape and stringent quality | 

i control give reproducible results every time. — 

m High resolution Gradient gel electrophoresis gives sharp bands 

where it counts, in the result. oe a 

æ Convenience in use Precast PAA gradient gel slabs eliminate time- 

consuming gel preparation; a fresh, ready-to-use —_ 

gel is always available. i 

Use new Gradient Gels PAA 2/16 for proteins MW 100,000-5 million and 

nucleic acids. . a 

Use Gradient Gels PAA 4/30 for proteins MW 50,000-2 million. 
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andon. Every day at 09.05 
wurs, Big Ben indicates the 
feparture of a Swissair plane for 
switzerland. And aiso at 10.10, 
4.05, 14.55, 18.55, and 19.00 





Amsterdam. Every day at 10.05 
hours, the clock at the Mint Tower 
indicates the departure of a 
Swissair plane for Switzerland, 
And also at i6.45, 20.15. and 
21.05. 
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hours, the clock of Our Saviour’s « 
Church indicates the departure 
of a Swissair plane for 
Switzerland. And also at 12.15, 
and 18.55. 





As you will have guessed 
of the Swis: 
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Beigrade. Every day at 15.20 
hours, the Sanat-Kula Clock 
Tower of Kalemegdan Fortress 
indicates the departure of a 
Swissair plane for Switzerland. 


Basel. Fighty-eight umes every 
week the clock at the Spalentor 
indicates the departure of a 
Swissair plane for 11 destinations 


Athens. On Wednesdays and 
Sundays at 14.30 hours, the clock 
at the Mitropolis Cathedral 
indicates the departure of a 


Barcelona. Every day at 14.20 
hours, the clock at the Town Hall 
indicates the departure of a 
Swis@air plane for Switzerland 
Swissair plane for Switzerland. And also five times every week 
And also eleven times every at 15.30. 

week at different hours. ° 





TENNO S R, 
Frankfurt. Every day at 10.15 
hours, the Little Clock Tower 
indicates the departure ofa 
Swissair plane for Switzerland 
And also at 16.25, 20.50, and 
21.00. 





Dusseldorf. Every day at 09.36 
hours, the Water Gayge Clock 
indicates the departure of a 
Swissair plane for Switzerland 
And also at 13.20, 16.20, and 
20.05. 


Geneva. Three hundred and one 
times every week, the Flower 
Clock indicates the departure of 
a Swissair plane for 61 
destinations 


Genoa. Five times every week 
at 17.10 hours, the clock of the 
Grattacielo indicates the 
departure of @Swissair plane 
for Switzerland 





Malaga. Every Monday, Friday, 
Saturday and Sunday at 15.10 
hours, the clock of the Cathedral 
indicates the departure of a 
Swissair plane for Switzerland. 


a 
i T rots a a 
A d RS PE PS LOE atin 
O + 

aoi x 





ee: 


ʻi tg ” 





Pana ġ Aa aa airia Cee ký 
Rome. Every day at 09 25 hours, 
the Waterciock at Vila Borghese 
indicates the departure of a 
Swissair plane for Switzerland. 
And alse at 14.30, and 20.15. 
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Marseilles, Every day at 15.55 
hours. the clock in the Palais de 
ja Bourse indicates the departure 
of a Swissair plane for 
Switzerland. 


Milan. Every day at 09.56 hours, 
the clock at the Central Station 
indicates the departure of a 
Swissair plane for Switzerland, 
And also a1 13.10. and 16.35. 


Moscow. Every Tuesday, 
Wednesday and Friday, at 08.15 
hours, the Kremlin Tower Clock 
indicates the departure of a 
Swissair plane for Switzerland 


Munich. Every day at 09. 35 hou 
the clock at the Town Hall 
indicates the departure ofa 
Swissair plane for Switzerland 
And also at 13.16, and 20.20. 
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Stockholm. Every day a 
hours, the clock of the 
Riddarheims Church indicates 
the departure of a Swissair plane 
for Switzerland. 
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Sofia. Starting April 1, 1977, on 
Tuesdays and Fridays at 16.35 
hours, the clock at the Central 
Halls indicates the departure of 

a Swissair plane fir Switzerland. 
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Salzburg, Every Monday, {08.45 
Wednesday, Friday and 
Sunday at 17.00 hours, the 
clock at the Town Hall indicates 
the deparwre of a Swissair plane 


for Switzerland. 


Stuttgart Every day at 10.10 
hours, the clock at the Central 
Station indicates the departure 
of a Swissair plane for 
Switzerland. And also at 13.35, 
and 20.30. 
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Manchester. Every dayat 08.15 


° hours, the Town Hall Clock 
indicates the departure of a 
e Swissair plane to Switzerland ~ 
with world-wide connections. 
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Berne. Every day at 05.20 hours, Brussels. Every day at 10.05 Bucharest. Every Monday, Budapest. Every day at 09.15 Cologne. Six times every week at 
‘he Clock Tower indicates the hours, the clock of Mont des Wednesday and Friday at 16.25 hours, the clock at the Pest end 09.25 hours, the clock at the City © 
departure of a Swissair bus for Arts indicates the departure of a hours, the clock at the Ministry of of the Margareth Bridge indicates Hall indicates the departure of a 
Zurich. And also at 09.00, 10.00, Swissair plane for Switzerland. Agriculture in the centre ®f the departure of aSwissairplane Swissair piane for Switzerland. 
32.00, 15.50, 17.00, and 19.30. And also at 15.50, 20.20, and Bucharest indicates the for Switzerland. 
21.05 departure of a Swissair plane for 


e Switzerland. 
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Helsinki. Every day at 08 15 hours, Lisbon. Every day af 14.10 hours. Madrid. Every day at 08.00 hours, 
sours, the clock of the Town Hali the Clock Tower of the Railway hours, the clock on the garden the clock at the Rossio Railway œ the clock of Puerta del Sol z 
ndicates the departure of a Station indicates the departure of — gate of the University indicates Station indicates the departure indicates the departure of a 
3wissalr plane f@r Switzerland. a Swissair plane to Switzerland. the departure of a Swissair plane of aSwissair plane for Swissair plane for Switzerland. 


for Switzerland. And also every Switzerland, And also at 15.50. 
Wednesday and Sunday at 14.45. 
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Nice. Every day at 17.00 hours, Oslo. Every day at 08.25 hours, Paima de Mallorca. Every Paris. Every day at 08.35 hours, Prague. Five times every week 
the clock of Saint-Francois Tower the clock of the Town Hall Tuesday, Saturday and Sunday the clock at the Hote! de Ville at 09.45 hours, the clock of the 
ndicates the departure of a indicates the departure of a at 16.30 hours, the clock of the indicates the departure of a Loreta Church indicates the 
Swissair plane for Switzerland. Swissair plane for Switzerland. Town Hall indicates the Swissair plane for Switzerland. departure of a Swissair plane 
And also at 19.45. departure of a Swissair plane for And aiso at 09.00, 10.15, 11.45, for Switzerland. 

Switzerland. 16.00, 16.20, 17.45, 19.45, 20.35, 
+ 21.45, and 21.50. 


' Your IATA travel agency or 
Swissair will gladly give you 
further information, particularly <> 
about the best connecting flights — 
to our world-wide route network. 
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Warsaw. Evezy Tuesday, 


Zurich. Four hundred and ninety- 





he Anker Clock indicates the Wednesday and Friday at 09.00 hours, the clock at the Cathedral one times ewery week the clock 

Jeparture of a Swissair plane for hours, the clock at the Kings of St. Stephen the King indicates of St. Peter's indicates the 
switzerland. And also at 13.25 Palais indicates the departure of the departure of a Swissair plane departure of a Swissair plane for All times shown are local times. 
and 20.30, and every Friday at a Swissair plane for Switzerland. for Switzerlafid, í 84 destinations. e Winter timetable 1976/77, 

95.40. subject to change without notice 
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LEADING UK MANUFACTURERS OF 


Spinner for 
Tissue Culture 


A Water Jacketed Culture Spinner Vessel, the use of which is a very efficient method for the culture of a 
wide range of cell types that do not need to adhere to a surface for their proliferation. it has been used 
successfully for the culture of a variety of animal as well as human cells which were derived from normal 
and malignant tissue, For example, for the culture of cells derived from human osteosarcoma, 


. fhapdom rcoma and Rous sarcoma virus transformed cells. in addition it has b 
ie pe of human leukaemic cells, lymphoblasts from normal individuals and murine peated 


calls. In each case the calls have had to be established and actively proliferated in vitro before they could 
be transferred to the spinners, which then have provided the most efficient way for large-vol moe 

with a very high percentage of viability. ý P 
The spinner has adouble wail for use as a water jacket for the temperature control of cultures outside an 
incubator. A water circulator is necessary in this case to give a sufficiintly rapid water flow for close 
temperature control, though the same circulator may serve several spinners. For each spinner a 
magnetic stirrer is needed to ensure continuous mixing of the cell suspension. 


Each spinner can be provided with four openingse For example, 
1. an opening for the continuous supply of the appropriate gas mixture into the culture environment. {in 
order to avoid contamination the gasses should pass through a sterile cotton-plug filter.) 


2. an outlet for pressure equalisation. (Thijs, too, should have a sterile cotton-piug filter.) 


3. an outlet with a glass tube to the bottom of the vessel for drawing-off iti i 
under sterile conditions. g-off quantities of cell suspension 


_ 4, an opening for the addition of cultuge fluid (with or without use of a peristaltic pump). This is not 
assential under normal growth conditions since the culture media can be aided ooh the top 


Circle No. 17 on Reader Enquiry Form. 
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The SCORAH Automatic Electric 
all glass WATER STILL (patented) 


Automatic Can be left on without attention. Heater 
current cuts off if water supply is interrupted, or 
inadequate or forgotten. When receiver (5 litres 
capacity) is full, current cuts off, When distilled water is 
drawn from receiver, the sfill resumes operation until 
receiver is refilled. 


Purity Electrostatecally charged condenser droplets can 
pick up fumes, dust and Ade organisms from the 
laboratory atmosphere. The design of the receiver vessel 
ensures absence of such contamination. 


Efficiency Heater of Scorah design and manufacture, 
consumption 1,700 watts, output 2.4 litres per hour (the 
full theoretical yield). Cost less than 2p per gallon at vap 
per unit. 


Safety The heating element is out of contact with the 
feed water, thus eliminating danger from “live” water 
supply or electrolytic effects of “burn out’. 

Assembly No retort stands of clamps are required, 
\ The 24-in, diameter ball joint gives a stainless 


e \ set-up, Outlet cap on boiler for quick periodical 
\ drain-off of sediment. The still may be installed on a 
i 





shelf or platform about 1 ft. above bench level near a 
sink and enclosed in a transparent plastic cover to 
keep out dust. 
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i Heat-resisting glass. Interchangeable ground glass 


joints. 
r JOIS Circle No. 08 on Reader Enquiry Form. 
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associated with the amphidial nerves, and spaces of the pseudo- 
coelom. The partıcles were isometric, developed in the cyto- 
plasm and those found outside the cell were enveloped (Fig. 1 
insert). The diameter of the enveloped particles was approxi- 
mately 50 nm while core (without envelope) measured 33 nm. 
In the host cells, the particles were either arranged in a crystal- 
line array or randomly in the cell (Fig. 1). In those cases where 
development occurred in the hypodermal cords, damagt to the 
latter was evident through cell disruption and lysis. Other 
stages of the nematode have not yet been examined for the 
presence of similar particles. The virus-like particles could be 
restricted to this or otherenematodes or they could have been 
originally acquired through contact with mosquito larvae. 

If the particles are infective, they would have to be trans- 
ovarially transmitted in the nematode because the chances 
that they were acquired during nematode development in the 
egg or in the short time the preparasitic had emerged from the 
egg are very slight. 

The fact that R. culicivorax is being commercially produced 
for widescale release in gardens and the field clearly amplifies 
the importance of this discovery. Damage to the typodermal 
cords by the virus-like particles could lower the efficiency of 
this nematode as a biological control agent. 


GEORGE O. POINAR, JR 
ROBERTA HEss 
Department of Entomology and Parasitology,  « 
University of California, 
Berkeley, California 94720 


Received 24 November 1976, accepted 19 January 1977. 


1 Shope, R E. J exp. Med TF, 127-138 (1943). 

2 Loewenberg, J R., Sullivan, T & Schuster, M L. Nature 184, 1896 (1959) 

3 a a B M, Himmelhoch, 8. & Kisel, M Nematologica 19, 117-118 

4 Harnson, B. D ın Viruses and Invertebrates (ed Gibbs, A. J, Y812-530 (North- 
Holland, Amsterdam, 1973) 


. a 
+ * 


Nitrogenase activity of 

endophyte suspensions derived 

from root nodules of Alnus, Hippophaé , 
Shepherdia and Myrica spp. 


STUDIES of nitrogenase of root nodule homo genates have focused 
chiefly on the RAizobmum-—legume system. Little1s known about the 
nitrogenase of actinomycete-like endophytes of root nodules on 
woody, non-leguminous plants. Although nitrogen fixation has 
been reported in suspensions of the endophyte from Myrica 
cerifera'*, the results were either of very low significance or 
trreproducible. In both cases dithionite and oxygen were added, 
which seems to be contradictory Subsequent attempts to detect 
nitrogen fixation in non-leguminous nodule homogenates have 
been unsuccessful and investigations stopped at an early stage. We 
have found’, however, that reasonable levels of acetylene re- 
duction by nodule homogenates of Alnus glutinosa can be 
measured if 0.3 M sucrose and 0 1 M dithionite are present during 
anaerobic homogenisation. The latter was essential because the 
nodule material contains large amounts of phenolic compounds, 
which after oxidation inhibit nitrogenase activity. While determin- 
ing optimal conditions for the nitrogenase assay it was found that 
the reaction was ATP-dependent but that addition of an ATP- 
generating system (creatine phosphate (Cr ~ P)/creatine phospho- 
kinase) decreased the activity during short-term experiments. This 
inhibitory effect was not found when the same ATP-generating 
system was added to bacteroid suspensions derived from 
leguminous nodules We report here the seemingly aberrant 
behaviour of the added ATP-generating system, the applicability 
of our method to other actinomycete-woody plant symbioses, and 
the separation of actively acetylene-reducing endophyte material 
from nodule homogenates. 

To get a better insight into the effect of an added ATP- 
generating system on the nitrogenase activity of endophyte 
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suspensions of A. glutinpsa, the reaction was followed over an 
extended period.’ As an ATP-generating system we used 
phospho(enol) pyruvate(PEP) and pyruvate kinase (PK) Figure 1 
shows that between 30 min and &h acetwene was reduced at equal 
rates when either ADP or ATP was added to nodule homogenates 
with PEP and PK. Because ADP only produced no nitrogenase 
activity, we concluded that the ATP-generating system can 
function in nodule homogenates of A. glutinosa. Within the first 
2 h, however, the rate of acetylene reduction in complete systems 
was lower than that in the control. These results show that at least 
during the first 2 h of incubation there was no apparent inhibition 
of nitrogenase by ADP produced from ATP. This is in contrast to 


pmol C,H, per g fresh weight of nodule 





i @ wae $ 0 I i le ig 
Incubation time (h) 


. 1 Effect of PEP (10 mM) and PK (0.01 mg mI“) on acetylene 
reduction by nodule homogenate of Aln#® glutinosa. General pro- 
cedure for homogenisation, filtration and incubation as described 
previously, with the following modifications’ 2 min homogenisation 
at 31,000 r pm ın the presence of 100 mM dithionite. The 100-ym 
filtrate is reférred to as the nodule homogenate. The assay mixture 
(2 ml) contarned 1 ml of filtrate (corresponding to 14 mg of fresh 
nodule tissue), 2% PVP, 0.15 M sucrose, 100 mM Na,S,0,, 2 5 mM 
1,4-dithioertythntol, 50 mM Tns-HCl (pH 8.0), and 5 mM MgCl 
Where added, ATP and ADP were5 mM _ A, ATP, PEP and PK, O, 

ADP, PEP and PK, @, ATP. 


results obtained with bacteroid® suspensions derived from 
leguminous nodules*?. 

It was not clear why addition of the ATP-generating system 
initially mhibited nitrogenase activity (Fig. 1), and so the effect of. 
the high-energy phosphate donor was tested. Table 1 shows that 





Table 1 Effeet of creatine phosphate (Cr ~P) and phosphoenol) pyr- 
uvate (PEP) on acetylene reduction by nodule homogenates of Alnus 


glutinosa 

PEP Cr~ P? Acetylene reduction 
(mM) (mM) ` (mol C,H, per h)f 

0 0 i 208 

0 1 1117 

0 5 1.00t,{ 

0 10 0.827,§ 

l 0 0.93 

3 0 073 

10 0 0 65§ 





Procedures for homogenisatiorf and mcubatich are described in Fig 1. 
All incubation mixtures contained 5 mM ATP Means followed by the 
same reference mark are hot significantly different by Tukey’s œ procedure 
at 1% level 


{Calculated per g fresh weight of nodule. 


} 
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Table 2 Acetylene reduction by excised nodules and by nodule homogenates of Alnus, Hippophae, Shephei dia and Myiica spp 


, NaS 04 bed Acetylene reduction 
during Incubation (umol C,H, per h)§ 
incubation penod 
a (mM) (min) A glutinosa H thammnoides S canadensis M gale 
Intact — 0-6 20 41 , 11 22 — 024 
nodules* — 6-12 i 18.59 13 40 2.87ł 1 39 
Nodulet 25 * 020 4.04 25] 0.97 0.40 
homogenate 50 0-20 4.86 3 23 1 18 0 50 
100 0-20 519 313 1.13 s 0 60 
150 0-20 4.66 270 0 98 072 





*The rate of acetylene reduction by excised nodules was measured after 6 and [2 min of incubation in 10% C: H inairat 22 °C Alnus and Hippophae spp 
were grown 1n the greenhouse, Shephei dia and Myrica spp. came from the field. 


+tMethods as Yescribed in Fig. 1, with theexception that the concentrations of both ATP and M g?* were 15 mM The reaction was stopped after 20 mindy 


adding 0 5 m! 6 N HC! 
PEE period 3-12 min. 
alculated per g fresh weight of nodule 


both Ct~P and PEP inhibited acetylene reduction. The con- 
centrations used were rather low compared with those given ın the 
literature concerning ATP-generating systems for measuring in 
vitro activity of nitrogenase (38-50 mM Cr~P (refs 4, 5)) Higher 
concentrations inhibited the activity even more. The nature of this 
inhibition is not yet known. 

Since addition of an ATP-generating system had no positive 
effect in short-term experiments we tried to®enhance acetylene 
reduction with increasing ATP and Mg?* concentrations (Fig. 2). 
Maximum levels of activity were achieved at 10mM ATP 


* (ATP/Mg?* = l). There was no significant difference (0 01 level 


+ è 





umol C-H, per g fresh weight of nodule per h 


0) 20 40 60 80 
ATP (mM) 


Fig. 2 Effect of ATP concentration on acetylene reduction by 
nodule homogenate of Alnus glutinosa ATP/Mg?* = 1 Vertical 
e brackets denote the extreme range of four replicates. 


* 


of significance) in activity when the concentrations were increased 
two or fivefold. The values for nitrogenase activity shown in Fig. | 
are considerably higher than those reported earlier’, when sub- 
optimal leve]s of ATP and Mg?* were used. 

Using a constant ATP concentration of 15 mM we tested the 
applicability of our homogen:sation and incubation method to a 
series of actinomycete-plant symbioses Because of the un- 
expectedly high optimum concentration of dithionite for A. 
glutinosa, we tried a range of concentrations. Table 2 shows that 
significant nitrogenase activities of nodule homogenates of various 
species can be demonstrated in this way and the optimum 
dithionite concentration seems to Be different for these four types 
of nodules The differences in recovery 625% for Alnus and 
Hippophae spp , and +40% for the other two species) result from 
the differences in activity of the detached nodules This conclysion 


is based on observations with alders. 

To study the metabolic processes ın the endophyte, it 1s 
necessary to separate the intact endophyte from the host The most 
prominent structures of the endophyte are the vesicle clusters As 
these clusters show a strong tetrazolium-reducing activity it has 
been suggested® that they might also be involved ın nitrogen 
fixation. We have developed a method to collect and purify these 
structures by anaerobic filtration of nodule homogenates?'®. 

In preliminary experiments, however, acetylene reduction by 
the fraction containing the vesicle clusters was less than 5% of the 
activity of the nodule homogenate? We have now found that the 
homogenisation procedure used previously was too rough and too 
many vesicle clusters were disintegrated. Using a milder procedure 
(Virtis 45 homogeniser, 4 min at 3,000 r.p.m ) more vesicle clusters 
remained intact. Fractionation was improved further by collecting 
the vesicle clusters on a 10-ym filter By homogenising nodules of 
‘A gluttosa ın this way, an activity of 2.59 umol of C,H, 
(cfIculate% per g fresh weight of nodule per h, being 60% of the 
activity of the nodule homogenate) was obtained by the re- 
suspended residue from the 10-ym filter. The 10-um filtrate, 
consisting of hyphal fragments, disrupted vesicle clusters andplant 
cell debris, contained 29% of the activity of the homogenate, which 
was all particle bound. The remaining 11% of the activity was lost 
during the procedure. Results were similar with Hippophae 
rhamnoides, although the activity of the resuspended residue from 
the 10-um filter was only 35% of the activity of the nodule 
homogenate. We, think that the high recovery of nitrogenase 
activity in the fraction containing the? vesicle clusters 1s an 
additional indication that nitrogenase 1s indeed located in the 
vesicle clusters. 

As it 1s now possible to collect menkoraiyi active vesicle 
clusters on a_large scale, attention will be focused on these 
structures. Their relatively high nitrogenase activity n vitro opens 
the way for further physiological and biochemical studies 
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Adenylate cyclase activity 
oscillations as signals for cell 
aggregation in Dictyostelium discoideum 


As well as acting as a chemotactic factor’ cyclic AMP 
stimulates cells of Dictyostelium discoideum to differentiate 
after the end of growth into aggregation-competent cells. 
These differentiation signals have a temporal pattern: 
pulses are efficyent signals, whereas continuous administra- 
tion of cyclic AMP may even have an adverse effect?’’. D. 
discoideum cells can release cyclic AMP spontaneously as 
reiterated pulses’, and also release cyclic AMP in response 
to extraneous cyclic AMP pulses’, which 1s important for 
the transmission of signals in aggregation territories in form 
of propagated waves*”'’ The pulsatile release of cyclic AMP 
into the extracellular space ıs preceded by a sharp (about 
10-fold) increase of its intracellular concentration within 
I min (ref 4) This indicates that the oscillating variable 1s 
not only transport but also net synthesis of cyclic’ AMP 
The periodic rise of the intracellular cyclic AMP concen- 
tration could be due to periodic activation of adenylate 
cyclase, to inhibition of phosphodiesterase, or to the oscil- 
latory control of both enzymes. We present here evidence 
for sustained oscillations of the adenylate cyclase activity 
in signalling cells. No concomitant change$ of the ATP 
concentration, the substrate of adenylate cyclase, were 
found. 

Periodic activities can be recorded in D. discoideum by 
measuring the light scattering of cell suspenstons'*. These 
measurements provide reference points for correlating the 
adenylate cyclase activities ın different phases of a cycle 
with changes in cyclic AMP concentration in living cells. 
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Fig. 1 Cyclic AMP (A) and ATP (O) concentrations in periodic- 
ally signalling cells Changes of light scattering (top) indicate 
periodic activities in the cell suspension At intervals of 9 min 
the total cyclic AMP increases up to a sharp peak, whereas ATP 
in the same cells does not show significant oscillations. Because 
in the extracellular space cyclic AMP is rapidly degraded by 
phosphodiesterase**, the cyclic AMP ts predominantly intra- 
cellular and has been calculated like ATP per volume densely 
packed cells (left and right ordinates) Cyclic AMP was assayed 
by Gilman‘s®® method after the addition of 5% TCA to 50 pl- 
samples of the cell suspension, and handling of the material as 
described by Gerisch and Wickit. ATP was extracted from 
suspended cells with 3% perchlogic acid and determined by the 
biolumuniscence assay". Cells of the axenic strain Ax-2, clone 
206, were used 5 h after their transfer from growth medium into 
non-nutrient buffer. The cell density was 5x 107 per ml, other 
conditions and light eae measurements were as describe 
ore?” s 
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Spikes of decreaged light scattering coincide with peak con- 
centrations of cyclic AMP*. ATP concentration, measured 
simultaneously, did fot oscillate detectably (Fig. 1y the 
steady-state ATP concentratton was 150-fold higher than 
the cyclic AMP peaks. The depletion of the ATP pool of 
the cells due to cyclic AMP synthesjs is therefore negligible, 
and should be rapidly compensated by respiratory control. 
The possibility remains that ATP, being compartmentalised, 
oscillates with largec amplitudes at the location of adenylate 
cyclase than it does on average in the whole cell. 

The cyclic AMP concentration rises for not longer than 
2min in each cycle (Fig. 1), indicating similarly short 
phases of adenylate cyclase activation. Using the method of 
Salomon er al.“, we reduced the assay time to 15s, facili- 
tating the detection of periodic short-term increases of the 
adenylate cyclase activity (Fig. 2). During the enzyme 
assay any regulatory influences due to varying concentra- 
tions of either the substrate or the product in different 
phases of a cycle were eliminated by adding both ATP and 
cychc AMP in sufficiently high concentrations *to cell 
homogenates. 


g 0} 


Cyclic AMP (pmol per mg protein x min) 
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Fig. 2 Oscillations of adenylate @yclase activity in a cell sus- 
pension. Samples for the adenylate cyclase assay (bottom) were 
taken during continuous recording of light scattering (top). The 
cells were cultivated and prepared as described before? and used 
4h after transfer from growth medium into non-nutrient buffer. 
The strain was Ax-2 clone 206, and the cell density 1 x 10° ml ~t, 
The adenylate cyclase assay was performed according to 
Salomon et a/.4 after sonication of the cells for 5s as described 
by Roos and Gensch* The ATP concentration was 0.18 mM, 
the cyclic AMP 1 mM, and homogenate protein [mg ml7. 


High enzyme activities in homogenates, and cyclic AMP 
peaks in intact cells were seen during the same part of a 
cycle, as indicated by te coincidence with the spikes of 
decreased light scattering in cell suspensions (Figs 1 and 2). 
In each period the enzyme stayed activated for 2-3 min, 
as expected from the length of time during which the cyclic 
AMP concentration rises in intact cells. The adenylate 
cyclase then returned to basal activities (Fig. 2), in accord 
with the sharp fall of the cyclic AMP concentration in 
living cells (Fig 1). The latter certainly results from deacti- 
vation of adenylate cyclase, from cyclic AMP transport 
into the extracellular medium‘, and ‘perhaps to a minor 
extent from the actjon of intracellular phosphodiesterase. 

In homogenates the activated state of the adenylate 
cyclase decayed within 1 min (Fig. 4). It remains to be seen 
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whether the mechanism of deactivatton is ‘the same in the 
homogenate as in intact cells It is obvious, however, that 
degradation of adenylate cyclase is not the reason for the 
decay of its peak activities in homogenates, since the basal 
activity remained almost constant for a longer period (Fig. 
4), ° 

From measurements on 6 cycles a mean basal activity of 
4.2+0.8 pmol cyclic AMP per mg protein per min was 
obtained, and a mean activation during*pulse formation by 
the factor 7 1+1 6 (Fig. 3) In the best cases the amplifica- 
tion factor was 10, and the peak activities were 40-50 pmol 
per mg protein per min, These adenylate cyclase activities 
obtained in cell homogenates are comparable with the rates 
of cyclic AMP increase measured in living cells. A maximal 
rate of about 70 pmol per mg protein per min can be cal- 
culated from Fig. 1. Previously reported values have been 
not higher than 300 pmol per mg protein per ml (ref. 15). 

What are the mechanisms of adenylate cyclase regula- 
tion? In cells which have not yet started to oscillate, adeny- 
late cyclase 1s transiently activated by pulses of extraneous 
cyclic AMP which acts on cell surface receptors’, In spon- 
taneously oscillating cells a postive feedback loop may 
connect cyclic AMP release, the activation of ceH surface 
receptors, and the activation of adenylate cyclase. In faat, 
precocious pulses and phase shifts induced by small pulses 
of extraneous cyclic AMP, demonstrate a connection 
between the receptors and the system “that periodically 
activates adenylate cyclase’ This focuses attention on the 
regulatory pathway from the cell, surface receptors to 
adenylate cyclase. One possibility 1s that upon receptor 
activation a soluble intracellular effector is formed, alter- 
natively the enzym@ might undergo covalent modification, 
for example by phosphorylation. Calcium, which at high 
concentrations inhibits adenylate cyclase? is a possible 
soluble effector. It seems unlikely, however, that periodic 
calcium sequestration is the mechanism which causes the 
enzyme activity to oscillate. Calcium 8 5 mM inhibited the 
adenylate cyclase in both its activated and non-activated 
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Fig. 3 Time course and amplitude of adenylate cyclase activation 
as the average (smooth curve) from 6 spontaneous pulses 
(symbols). The mean period was 7.8+0.7 min. The periods were 
normalised and adjusted to the peaks of decgeased light scattering 
(zero time). Methods were as tn Fig. 2 Cells of clones 206 or 
214 of strain Ax-2 were used at 3-4h after replacement of the 
growth medium by non-hutrient buffer. ° 
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state EGTA 3mM did not prevent the decay of the acti- 
vated state in cell homogenates Furtermore, when added 
to a homogenate with basal adenylate cyclase activity, 
EGTA did not activate the enzyme An earlier report on 
the activation of adenylate cyclase by 5’-AMP has not been 


e confirmed by recent work’*:” 
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Fig. 4 Cyclic AMP synthesis ın homogenates prepared at a peak 
of adenylate cyclase activity (©), at the phase 3 min before (0) 
and ina | .1 mixture of both (A) The initial rate of synthesis in 
the mixture was the average of the basal activity found in the 
non-activated state, and of the high iniual rate characteristic of 
the activated state. The activity remaining after the decay of the 
activated state was similar to the basal activity. Methods were 
as for Fig. 2, except that the concentration of ATP was 0.5 mM, 

a and of protein 1.8 mg ml7. 


+ 

To test for any soluble effector, homogenates containing 
activated and non-activated adenylate cyclase were mixed. 
The enzyme activity in such a mixture was the average of 
the activities in the individual homogenates (Fig. 4).°This 
renders the presence of a soluble activator or inhibitor in 
homogenates from either one phase of the cycle unlikely, 
and favours the possibility of reversible covalent modifica- 
tion of adenylate cyclase. g 

In summary, the periodic activation of an enzyme, 
adenylate cyclase, is a key event in the generation of inter- 
cellular signals in D discoideum. The ‘finding that the total 
cellular ATP does not oscillate except within the limits of 
experimental error, poses certain restrictions on an allos- 
teric model of adenylate cyclase oscillations in which sub- 
strate oscillations are essential’? The D. discoideum 
oscillator differs from chemical and biochemical oscillating 
systems, hike the Belousow—Zhabotinsky reaction”? or glyco- 
lysis ın yeast extracts”, in that it ıs composed of two com- 
partments separated and connected by the cell membrane. 
In these compartments cyclic AMP oscillates with different 
amplitude and phase’ Cyclic AMP ıs produced intracellu- 
larly, is then released into the extracellular space, from 
where it feeds back to its own synthesis via cell surface 
receptors. This opens the possibility that the cell membrane 
constitutes an integral part of the oscillator, functioning 
both in cyclic AMP transport from the inside to the outside, 
and as a signal transducing element in the opposite direction. 
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supported by the Schweizerischer Nationalfonds. 
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Bacterial tumble regulator 
may be inactivated by methylation 


KORT et al. have descnbed the methylation of a membrane 
protein which seems to be involved in bacterial chemotaxis: they 
show that addition of attractants affects the methylation, that the 
source of the methyl group is methionine, acompound required for 
chemotaxis, and that certain non-chemotactic mutants fail to 
carry out the methylation reaction. There ts no relationship, 
however, between the amount of methylation and the tumble 
frequency, and the exact role of this methylation, therefore, 
remains mysterious Control of the tumbling process ıs essential 
for chemotaxis; pemtrichous bacteria swim in short straight-line 
runs that are separated by abrupt changes of direction ¢tumbles). 
In the presence of attractants, however, the tumbling freduency 
either decreases or increases as the bacterium swims up or down the 
concentration gradient, respectively? Runs are due to counter- 
clockwise rotation of the flagella, whereas clockwise rotation 
causes tumbling? Aswad and Koshland* have proposed the 
existence of a ‘‘tumble-regulating substance” that would control 
the direction of the rotation: clockwise rotation of the flagella (and 
therefore tumbling of the bacteria) occurring when the con- 

centration of this regulating substance falls below a certain 
threshold. The same authors have suggested that S-adenosyl- 

methionine, the product of thee reaction of one molecule of 
methionine with one molécule of ATP, might be necessary for the 
degradation of the tumble regulator I propose that the 
methylated protein described by Kort er a/.* may be the inactivated 
tumble regulator. 






Smooth 
swimming Tumble 
CW 
rotation 
[T] above [T] below 
P m T 
threshoid AE threshold 


Reaction } Reaction 2' 
r T T-CHy (inactive) 
ky 


fast 
|s 
Ch 
Product (s} 


Methionine ks 

ATP r 

Fig. 1 Proposed scheme for inactivating tumble regulator T, 
tumble-regulating protein, T-CH,, methylated protein, S-A Me, s 
adenosyl-methionine; CCW, counterclockwise, CW, clockwise 


ATP”, ATP may be necessary for the direct control of the direction of 
flagella rotation? 
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Table 1 Effect of mutational changes-of &,, kı and k, on swimming 
behaviour and methylation 


Mutation [T] e Mobility [T-CH;] 

k ‘| t Smooth 

2 l Tumbhng 

k | J Tumbling Normal 

1 t Smooth Normal 
k t — Normal i 

3] s — Normal 

' k,/kı unch — Normal T 
and f k/k: f T Smooth f 
fa kijka | | Tumbling i 
k, k/k, unch. — Normal | 
and | ki /ke t t Smooth ~ 48 
Ka killa 1 | Tumbling | 
kı lka 4 | Tumbling if 

2 $k; t Smooth | 





T, tumble regulator, T-CH,, methylated tumble regulator, Pr, 
precursor(s),«S-AMe, S-adenosyl-methuonine, unch, unchanged At the 
steady state 


[T] = k,[Prl/k,[S-AMe] [T-CH,] = &,[Pri/k,. 


e . . 7 
Mutations implying other combinations of constant variations can be 
visualised as well as mutations influencing the concentrations of S-AMe 
and of the precursor(s) 


In my proposed scheme, I have made use of the mekan 
described by Macnab and Koshland® and by Springer et al.”—that 
combination of an attractant with the chemoreceptor increases k, 
rapidly and k, slowly This causes a transient increase in the 
concentration of the tumble regulator and, consequently, a 
transient repression of the clockwise rotation of the flagella (and 
thus of the tumbles). 

My general scheme offers an explanation for the following 
experimental facts The effect of methionine starvation on meth- 
ionine auxotrophs!**:78 or of the addition of arsenate to wild 
strains’ is that no S-adenosyl-methtonine 1s formed: reaction 2 
does not take place, psotein T accumulates and the bacteria do not 
tumble Accordingly, no methylated protein 1s formed and no 
chemotaazts can take place, which 1s in agreement with experimen- 
tal data. ® 

Variation ,of the constants k,, k, and k, may explain the 
occurrence of the various types of mutants described by Kortetal.! 
(see Table 1) Tumbling mutants with increased methylation and 
smooth-swimming mutants with decreased methylation are the 
most difficult to account for, as one must assume the concomitant 
variation of two of the three constants involved. 

As a consequence of the increase 1m both k, and k,, induced by 


, the addition of an attractant®’, the concentration of the methy- 


lated protein also increases, as observed by Kort et al.!. The 
observation, however, that, within 10 min, the concentration of the 
methylated protein returns to its steady-state level, remains 
unexplained. 

If my proposed idea is true, that methylation of the tumble 
regulator by S-adenosyl-methionine causes its inactivation, then it 
seems that thé same principle has been utilised much later in 
evolution, since it is known that adrenaline and noradrenaline are 
inactivated by catechol-O-methy] transferase, an enzyme which 
utilises S-adenosyl-methionir& as a methyl donor?®??, 

I thank Professor J. M. Ghuysen for help in preparing the 
manuscript 
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Mucosal penetrability 
enhanced by serum-derived antibodies 


ALTERED mucosal penetrability for food constituents and mic- 
robial components probably underlies the pathogenesis of a 
variety of diseases occurring in mucous membranes and distant 
sites such as liver and joints! The secretory immune system seems 
to be of major importance in mucosal exclusion of foreign material 
and 1s stimulated by topical antigens?. Conversely, parenteral 
immunisation almost exclusively gives rise to circulating anti- 
bodies’which are chiefly of the IgG class. IgG ıs not a secretory 
immunoglobulin in man, monkey, rabbit and guinea pig*, and 
contradictory information has been published about the effect of 
parenteral immunisation on the absorption of antigen through 
mucous membranes. Moreover, a possible influence on ethe 
concurrent mucosal penetration of unrelated macromolecules has 
not been considered previously We report here that although 
serum-derived antibody retards the penetratfon of corresponding 
antigen, it nevertheless causes impairment of the mucosal barrier 
Induction of IgG antibodies may thus cause hazardous side effects 
by altering mucosal penetrability 

Mucosal specimens devoid of a secretory immune system were 
obtained from the lı#gual frenum of ¢6 adult Belted Dutch rabbits, 
8 of which had been immunised subcutaneously over a period of 
2—3 months with a total of five 3-mg doses of human albumin 
emulsified ın complete Freund’s adjuvant. This schedule resulted 
in high levels of precipitating serum antibody (Table 1), which by 
immunoelectrophoresis was shown to be located chiefly in the IgG 
fraction. The excised membranes were rinsed ın saline and 
mounted ın diffusion ch’umbers* with the oral side exposed to | ml 
tissue culture medium containing 30mg human albumin and 
30 mg human transferrin, and with the basal side exposed to 200 ul 
medium alone After incubation for 2 hina humid@atmosphere of 
CO, 1n air at 37°C, the basal concentrations of albumin and 
transferrin were measured In preliminary experiments this was 
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attempted by isotope labelling which, however. was found to be 
unreliable’. Since radioimmunoassay has also been found unreli- 
able in similar expernments®, the two components were quantified 
by single radial immunodiffusion performed essentially as de- 
scribed before’? To obtain sufficient sensitivity (detection limit of 
about 0 25 ug mi~'), specific rabbit antisera were used at final 
dilutions of | 300 (anti-albumin) and | 160 (anti-transferrin) in 
the Agarose gel, and the 5-1 sample wells were refilled three times. 
The precipitin rings were intensified by overlaying the gel with 
filter paper soaked ın | :3 dilution of goat antiserum to rabbit IgG 

Table 1 shows that the control membranes discriminated 
between albumin and transferrin, atcording to the difference in 
molecular weights (69,000 and 90,000), as reported for other 
biological membranes 7 vrvo®, This held true even for the specimen 
showing exceptionally high penetrability. Its defect was probably 
restricted to an epithelial damage, since penetration studies with 
rabbit intestinal mucosa have indicated that molecular selection 
takes place at the basement membrane whereas the epithelial layer 
1s solely rate lnmiting® 

The penetration of albumin through membranes from immu- 
nised animals was reduced whereas the concurrent penetration of 
transferrin was enhanced (Table 1) The former result supports 
previous experiments performed with intestinal and oral mucosa 
of parenterally immunised animals!°:!!, and may be ascribed to 
immune complex formation. Binding of antigen to antibody ın the 
mucus coverjng the intestinal surface has been suggested??, 
whereas for the oral mucosa (gingival crevicular epithelium) 
ultrastructural indication of immune complex formation within 
the epithelial interstices has been presented’! Ultrastructural 
studies of small intestinal mucosa, however, have indicated 
increased antigen absorption into epithelial cells after parenteral 
immunisation!3, 

Thus, the level at which serum-derived antibody retards muc- 
osal antigen penetration has not been clearly defined Since some 
IgG diffuges through epithelial interstices! +15, immune complexes 
could be formed at the epithelial level, but also in the connective 
tfssue Exposure of epithelial surfaces to antigen in sensitised 
animals results in a rapid local emigration of neutrophils!!-!6, 
Phagocytosis of immune complexes and degradation of antigen 
could therefore contribute to the apparently retarded mucosal 
antigen penetration Moreover, release of enzymes from these cells 
probably explains the most important finding ın our 
experiments——the enhanced penetration of an unrelated macro- 
molecule. It 1s well known that neutropfiil lysosomal enzymes can 





e 
Table 1 Effect of parenteral immunisation with albumin on the concurrent penetration of albumin and transferrin through rabbit oral mucosa 


Serum Basal concentration as % of oral concentrationt Significance 
antibody* Albumin Transfernn of differencet 

Control i (0.0215)§ (0 0155) 
animals 0 0061 0 0034 
0 0054 0 0018 
0 0047 0 0035 
0 0035 0 0008 
° 0 0020 0 0009 
. 0 0005 0 0005 
0 0005 0 0005 

Mean 0 0032 Mean ® 0 0016 P<0 025 

Immunised e & (0 0037) (0.0131) 
animals 2 00013 0.0025 
32 0 0010 0 0055 
E 16 0 0005 0 0076 
32 0 0005 0,0032 
16 0 0005 0.0020 
16 0 0005 00018 
16 0.0005 0 0016 

Mean 00007 Mean 0.0035 P400! 
Significance 
of difference | P< 0.03 P<005 


+ 





*Expressed as precipitating units based on tests against albumin (1 mg ml~')1n gel diffusion 
tEach figure 1s an average of 2—4 measuremegts (detection limit 0.0008%, undetectable assigned 0 0005%) 


{Wilcoxon matched-pairs signed-ranks one-tailed test 


§Figures in parentheses excluded from group calculations because of the extreme deviations, apparently reflecting a membrane defect 


||Mann—Whitney one-tailed U-test ° s 
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In a world afflicted hy countless varieties of disease, 
rabies stands out as uniquely terrifying. This book 
presents the biological and medical details of rabies, 
and discusses present policies in the U.K. and 
elsewhere for its prevention and elimination. Eight 
experts in different fields explain both what can be 
done to contain and treat rabies, and its 
implications for those who own or care for animals. 
Ilustrated £1.95 


The Selfish Gene 
Richard Dawkins 


‘Richard Dawkins, one of the most brilliant of the 
rising generation of biologists, gently and expertly 
debunks some of the favourite illusions of social 
biology... learned, witty, and very well written... 
exhilaratingly good book.’ Peter Medawar in The « 
Spectator. “This important book could hardly be 
more exciting.’ Economist. ‘We appegr to have 
entered a new era of zoological thinking, and 
Richard Dawkins... proves himself to be an 
erudite, witty, and persuasive gifide to the biological 
revolution.’ Sunday Times. £2.95 
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This compact volume describes and illustrates well 
over eighty of the bird species most dikely to be seen 
along the vast and varied coastline of northern 
Europe, from Britain to the Russian borders. Each of 
the sixty-four colour plates is faced by a fally 
comprehensive text page covering not only a careful 
description of the birds throughout their life cycle, 
but also their population, distribution, breeding 
habits, nests and eggs, food requirements, calls, and 
other identifying features. Illustrated £3.75 
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H.C. J. DeJong 


The increasing use of electronic frequency converters 
in he power supply of a.c. motors leads to design 
problems quite different from those encountered in 
motors connected directly to a conventional supply. 
The constraints of the conveational supply lead to 
sealing laws for the a.c. machines connected to it, and 
thus to more general design rules, neither of which are 
valid in the converter supply situation. Other 
guidelines must, therefore, be sought. In this book a 
unified description of conventional a.c. synchronous 
and induction machines is given and related to the 
interface problems and design of converter-fed 
induction motors. £5 ° Monographs in Electrical and 
Electronic Engineering 
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affect basement membrane zones and the ground substance!’, and 
mucosal penetrability may thereby be increased. 

Several possible hazards of circulating antibodies resulting from 
vaccination have been discussed!®. Our results point to one way in 
which IgG antibodies may jeopardise mucosa! integrity since 
undue penetration of new antigens in turn may stimulate a broader 
IgG response and thus set up a vicious circle. The merit of the 
selective glandular secretion of IgA and IgM antibodies!* is 
probably to lmit such a development. This must be taken into 
account when using vaccines in immunoprophylaxis and when the 
value of breast feefing 1s debated. In the neonatal period antigens 
are absorbed into the circuldtion in sufficient amounts to evoke a 
systemic IgG response in a great proportion of individuals, 
especially in those being artificially nourished!®. This may pre- 
dispose to untoward sensitisation of the child In addition, our 
results substantiate one pathogenetic potential of local IgG-cell 
responses in mucosal disease! *!5, 

This study was supported by Anders Jahres Fund. 
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Endplate current fluctuations 
reveal only one channel type 
at frog neuromuscular junction 


SIGNAL transduction between nerve and muscle 1s mediated by a 
chemical process at the neuromuscular junction In the nerve 
ending electrical activity causes the release of acetylcholine (ACh) 
into the synaptic cleft separating the nerve and muscle cells. ACh 
can bind to specific chemical receptors in the postjunctional muscle 
membrane; these receptors control a gating mechenism that can 
increase membrane conductance locally Normal nervous activity 
triggers an action potential and contraction in twitch muscle fibres. 
At constant membrane potential the membrane conductance 
change induces a current that 1s carried largely by Na* and K* in 
frog', moving through ACh-gated membrane channels. There has 
been a controversy regarding the nature of the chemically gated 
endplate channels, are there kinetically-independent channels for 
Na* and K*, er are these ions transported by the same channel? 
Maeno? initially proposed separate endplate channels, arguing 
that the two component decay of endplate potentials in procaine- 
treated cells resulted from a selecfive effect on Na* channel 
kinetics Kordas?* and Magleby and Stevens? argued that 
Maeno’s two-channel hypothesis could not account for the unique 
reversal potential observed or the monotonic voltage dependence 
of endplate current (EPC) decay. The analysis below of 





. 263 


iontophoretically-induced@ EPC fluctuations in procaine-treated 
and untreated preparations indicates that the 1ons which con- 
stitute the EPC are nof carried by kinetically distinguishable 
endplate channels. . : 
Our conclusions are based on the following quantitative 
description of the EPC. Consider a population of identical, 
independently functioning endplate channels in voltage clamp 
conditions at membrane potential YV. When ACh is tontophoreti- 
cally applied an EPC, %,, will flow in the open channels 
Hy = p~PNV—V,) (1) 
where y is the mean conductance of one open channel, P is the 
probability that any single channel will open when the endplate 1s 
exposed to ACh, N is the total number of channels,and V. is the 
reversal potential at which there 1s no net current. The EPC will 
fluctuate if the application 1s prolonged, because individual 
channel lifetimes are of the order of several milliseconds® The 
fluctuations are caused by changes 1n the actual number of 
conducting channels reflecting the probabilistic nature of channel 
opening ang closure’ The intensity of the fluctuations may be 
characterised by their variance, a4, about the mean EPC 
e a? = y P(L— P)MV—V,)? (2) 
Note that P is a fupction of ACh concentration which is non- 
uniform over the extended frog endplate. A more complex 
derivation which takes this spatial dependence into account 
produces essentially thesesame relations 
If the EPC were carried ın separate Na* and K* channels, 
similar treatment would give the mean and vayiance of the EPC as 


By = Yna ENa N na Ym Ving) OPK PRN, OV Vx) (3) 
oy = Na (i = Pan) Nya (k= Va T 
+ VêkPk (l Po Ne (V VY (4) 


Here the subscripted variables have meanings similar to those 
described above. The approximate equilibrium potentials of Na* 
and K * in frog muscle are Vya ~ +40 mV, V ~ — 100 mV. Their 
exact values are unimportant as long as it is noted that they clearly 
differ from the observed reversal potential, V.~OmV. 

The two schemes may be distinguished experimentally by 
measuring the EPC variance at the observed reversal potential. 
For the single channel scheme at V=V_, the net EPC 1s zero 
because the net current in each channel is zero (equation (1)); 
likewise the variance ts zero (equatign (2)). For the two-channel 
scheme at V=V_, the net EPC 1s zero because the inward Na* 
current is equal but opposite to the outward K * current (equation 
(3)), however, the vanance 1s non-zero (equation (4)) since the Na* 
and K.* terms are each positive and cannot cancel. 

EPCs were generated in voltage-clamped muscle cells of m 
cutaneous pectoris from the frog Rana pipiens. Nomarski and 
modulation contrast optics were used to observe the endplates, 
and ACh was epplied by iontophoresis 10-20 um from the cell. 
Norma! Ringer’s solution contained 100 nM tetrodotoxin whereas 
procaine—Ringer’s did not; composition (mM). NaCl, 117.2, 
KCI, 2.5; CaCl,, 1 8; Na, HBO,, 2.16; NaH PO, 0.85 (pH 7.0). 
The induced EPCs were processed by a digital laboratory com- 
puter The variance was estimated as the frequency integral of the 
mean spectral density of the digitised current fluctuations, taking 
care to exclude miniature EPCs. The methods were similar to those 
of Dionne and Stevens? and Ruff’. 

Figure | contains data from a cell which was not treated with 
local anaesthetic The mean EPC and its variance are plotted asa 
function of membrane potential, andit 1s seen that the variance 
approaches zero at the measured V.. Similar observations were 
made on 22 untreated cells and 7 cells in 3 x 1074 M procaine from 
13 different frogs. In all‘cases the variance at the reversal potential 
was less than the uncertainty in its measurement and was typically 
about ® orders of magnitude Below its value at — 60 mV 
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Fig. 1. Mean EPC and vanance of EPC fluctuations about their 
mean are shown asa function of membrane potential, V. The smooth 
curve 1s equation (5) fitted to the EPC data to evaluate A, B and V, 

The values used here for the best fitared = —1536V~',B = 144 nA 
and V, = —2mV The same values are used to fit the voltage 
dependence of g? with equation (6), the dashed curve Thesingle- 
channel conductance at — 70 mV was 22 pS for this fibre The quality 
of fit between theory agd experiment ın the variance measurements 
may be tosome degree fortuitous Most cells exhibited slightly greater 
measured variance at positive membrane poteptials than predicted ; 
however, to establish a +30mV membrane potential, holding 
currents of several hundred nanoamperes were commonly required 

Fluctuations in the holding current make accurate measurement of 
the few nanoampere EPC variations difficult. The data shown 1m this 

figure are from the cell with the best signal-to-noise ratio 


These data are inconsistent with the model in which Na* and 
K* pass through separately gated endplate channels. The two- 
channel model predicts thatthe variance of the EPC 1s non-zero at 
the reversal potential. Ruff? also found that the variance of the 
EPC vanished at V; for preparations exposed to the tnmethyl 
lidocaine derivative QX-222, a different local anaesthetic. 

The conclusion that a population of identical channels carries 
the EPC has been obtained by comparing measurement with 
theo at a single voltage, V.. Equations (1) and (2) also provide 
descriptions of the functional dependence of EPC and its variance 
on voltage. Fitting these relations to the data, however, requires a 
more specific model of channel kinetics, because the probability of 
channel opening, P, is a function of voltage®. 

As has been shown by others*:!°"! normal channel operations 
may be represented by the following kinetic scheme. 


K A 
nT + Ry TRST pR 
pay) 


al V) = B,e* 1Y 
: B(V) =B8,042" 
where T represents agonist molecules, n of which bind to receptors 


R to produce at equilibrium an intermediate T,R and an open 
channel 7,R*. The probability of channel opening is Voltage 
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dependent, for the case here of prolonged agonist exposure, the 
dependence ıs exponential and given by 


P= BC '/aK 
= [C°B,/KB,| exp(A,—A,)V 


where Ç 1s ACh concentration 
Thus, equations (1) and (2) may be rewritten to express their 
voltage dependence 


Hi = BY — very j (5) 


a,?7 = yB(V — Vr)7e4Y (6) 


In writing equation (6) it has been assumed that P<€l,ean 
approximation which is accurate in the low agonist concentration 
limit that applies here The voltage dependences of equations (5) 
and (6) are unchanged when a more detailed derivation includes 
the spatial non-uniformity of ACh concentration. Although equa- 
tion (1) suggests that the EPC 1s proportional to voltage, we see in 
equation (5) a morecomplex relation as pointed out by Dionneand 
Stevens’ In addition, the variance (equation 6) 1s similarly affected 
by the voltage dependence of the probability of channel opening so 
that what seems to be a parabolic dependence in equation (2) 1s not 
so simple. 

In Fig. 1 weehave fitted equation (5) to the EPC—voltage data to 
evaluate A, Band V,. These values were used ın equation (6) which 
was drawn as the dashed curve through the variance measure- 
ments; the singlechannel conductance y was evaluated at — 70 mV 
by taking the ratio of the ACh-induced conductance to its 
measured variance The skewing of g? by the voltage dependence 
of channel gating appears as a steepening of the parabolic 
behaviour for V<V, and a depression at V>V,, and this 
behaviour ıs well described by equation (6). The ability to 
predict accurately the vanance from measurements of the EPC is 
anothergndication of the essential correctness of the quantitative 
description of receptor kinetics which we have used ; 

Our description of endplate channel kinetics has been at two 
quantitative levels which contain certain basic assumptions in 
common. An elemental stochastic theory in which individual 
channels are represented as independent, two-state devices, either 
open or closed, leads us to conclude that Na* and K* currents at 
the endplate are simultaneously gated This result follows because 
the EPC variance at the reversal potential is zero, contrary to the 
predictions of models assuming separately gated 10n currents. The 
most parsimonious implication4s that bath Na* and K* share the 
same endplate channel. It should be emphasised that our results 
pertain to the gating of the chemically duced conductance 
change and do not address the question of whether Na* and K+ 
have equal conductance in the open channel. 


Extending this simple theory by incorporating a specific kinetic 
scheme for receptor function has allowed us to predict the voltage 
dependence of the EPC variance with coefficients determined from 
the mean EPC The measured vanance fits the predicted curve well 
over the range tested which supports the accuracy of the equations 
derived from the model. The kinetic model we used was selected 
because in theepast it has accounted well for the general quanti- 
tative behaviour of the ACh-gated channel. Note that any kinetic 
scheme which yields quantitative predictions similar to ours would 
also be acceptable Our conclusion that mdividual EPC ionic 
species are not separately gated is independent of the particular 
kinetics. 

It may be useful to note the quantitative behaviour of our 
description over a voltage range more extensive than we have been 
able to test. If V could have been raised above + 100 mV both the 
mean EPC and its variance are predicted by equations (5) and (6) to 
fall towards zero again. This phenomenon of EPC rectification 1s 
mediated largely by channéi lifetume which approaches zero as 
membrane potential isincreased Since the dependence of channel 
lifetime on membrane potential 1s nonlinear, at positive voltages 
the shortened lifetime more than compensates for the increased 
driving potential on the current carrying ions and httle or no EPC 
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can be induced. A similar mechanism may account for anomalous 
K* rectification in voltage sensitive channels in both cardiac and 
skeletal muscle. 

We thank Dr C. F. Stevens for the use of equipment. This work 
was supported by USPHS grants to Drs R. L. Parsons and C F. 
Stevens. 
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Selective activation of sympathetic ganglia 
in young spontaneously hypertensive rats. 


PROLONGED increase in peripheral sympathetic discharges 
producing vasoconstriction leads to enhanced synthesis of 
tyrosine hydroxylase (TH) and dopamine -hydroxylase 
(DBH) in terminal adrenergic neurones'’. This ıs mediated 
by an increased activity of the preganglionic cholinergic 
nerves’. Young spontaneously hypertensive rats (SHR) have 
been used as a prehypertensive model of essential hyper- 
tension to investigate whether such peripheral sympathetic 
neuronal activation initiates the increase of blood pressure. 
Study of the prehypertensive stage gives more information 
on the initiation of the blood ‘pressure elevation than study 
of hypertensive animals. Circulating levels of noradrenaline, 
and DBH activity (as measures of peripheral sympathetic 
nerve system activity were markedly elevated in young 
SHR (refs 3, 4), although contradictory results were 
reported for adrenomedullary activity*”*. In young SHR, 
adrenal levels of DBH, TH and phenylethanolamine N- 
methyl-transferase (PNMT) activities were lowered’, 
whereas other investigators"’’ found an elevation of adrenal 
DBH and PNMT activities. Transection of the splanchnic 
nerves markedly lowered blood pressure in young™" and 
adult SHR (refs 5, 7), and also reduced adrerml venous out- 
put of adrenaline in conscious young SHR (ref. 5). All 
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these findings suggest enhanced activity “of the adrenal 
medulla and préganglfonic cholinergic discharges to the 
adrenal medulla. We report here preganglionic nerve- 
dependent elevation of choline, acetyltransferase (ChAc) and 
TH activities occurring specifically in the coeliac ganglia of 
young SHR. 

In young SHR, the activity of preganglionic cholinergic 
nerve input to various sympathetic ganglia, superior cervical 
ganglia, stellate ganglia and coeliac ganglia, and adrenal 
glands was examined by measuring ChAc and acetylcho- 
linesterase (AChE) activities as a measure of presynaptic 
neuronal activity’ and TH activity as an index of post- 
synaptic neuronal activity’ at the age of 4-5 weeks, when 
the blood pressure of SHR did not differ from normoten- 
sive controls. Normotensive animals of the Kyoto Wistar 
rats (KWR), from which SHRs were derived, were used as 
controls. Systolic blood pressures as measured by a tail 
plethysmographic method were 105+1!1 mmHg (meant 
sem, n= 5) for young KWR and 11047 mmHg (n=5) 
for young SHR, respectively. Ganglia and adrenals were 
removed and homogenised in pairs in 02m) of ice-cold 
0.005 M Tris buffer (pH 7.5) containing 0.1% Triton X-100. 
ChAc and AChE activities’? and TH activity’ in the homo- 
genates were determined radiometrically. 

fn young SHR, ChAc and TH activities of coeliac ganglia 
were signficantly elevated as compared with those in young 
KWR. In the supgrior cervical ganglia, stellate ganglia and 
adrenals, however, there were no significant changes (Table 
I). AChE activities in all ganglia and adrenals of young 
SHR did not differ significantly from those of KWR. Total 
protein contents of a pair of coeliac ganglia in young SHR 
(0.44+0 03 mg, n=5) did not differ from those in KWR 
(0.41 +0.02 mg, =S). 

Table 2 shows the effect of sectioning the pre- and post- 
ganglionic nerves to the coeliac ganglion on its elevated 
ChAc and TH activities, and AchE activity Bilateral pre- 
ganglionic nerve transection markedly lowered the elevated 
ChAc activity to a level less than the ChAc activity of 
KWR 5d later, but did not change TE and AChE activities 
Bilateral post-ganglionic nerve section did not change ChAc, 
AChE and TH activities in the coeliac ganglion. Difference 
in the contro] values for ChAc and TH in both experiments 
(Tables ] and 2) may be due to sham-operated stress as well 
as age difference (5 or 4 weeks) Since decentralisation of 
sympathetic ganglia removes synaptic input to the ganglia 
rather than nonspecific surgical damage”, the present 
finding suggests that elevated ChAc levels are due to the 
enhanced ACh release and formation by the activation of 
preganglionic neuronal input to, the coeliac ganglion of 
young SHR. The persistent elevation of ChAc activity in the 
coeliac ganglion even after the post-ganglonic axotomy 
negated the reflex of the innervating end-organ activity. 
Removal of sympathetic target organs, however, is known 
to prevent the normal maturation of ChAc in presynaptic 
endings during development" Selective activation of the 
coeliac ganglion may be explained by an enhanced re- 
activity of tHe ganglia to pre-ganglionic nerve discharges 
rather than the regional elevation of nerve input After 
treatment with nerve growth factor, the prevertebral coeliac 

L] 





Table 1 Enzyme actıvıties in sympathetic ganglia and adrenals of young spontaneously hypertensive (SHR) and Kyoto Westar 
rats (A WR) at 5 weeks of age 


Choline acetyltransferase 


Organ (nmol ACh per h per pair) 
` KWR SHR 
Superior cervical ganglia 3.84 +0.41 3 52+0.48 
Stellate ganglia 2 8640.26 2.98 +0 31 
Coeliac ganglia 2 $38 -+0.51 4,.16+0.6* 
Adrenals ! 1.8-0.8 133641.1 


Tyrosine hydroxylase 


Acetylcholinesterase 
{nmol CO, per h per parr) 
R SHR 


(nmol acetate per h per pair): 
KW SHR 


KW 
23.6415 22.04072 0 115+0.009 0.102+0 00! 
211412 22.8 +0.77 0.081 +0.009 0.094+0.016 
21.3409 19.640 45 0.18¢+0 019 0.252 +0.021* 
62.6+3.2 66 1 4-3.2 "084240195 {1440.15 


a a a ene kaa el a ae 


Values are mean + s.e.m. for 5 animals at 5 weeks of age. 
*P < 0.05 compared with KWR. 
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Table 2 Effects of pre- and post-ganglionfe nerve transection of the bilateral coeliac ganglia on its elevated choline acetyltransferase activity in 
young SHR at 5 weeks of age a 


Group i ` {nmol ACh per h per pair) 
SHR, sham operated A 3.27 +0.32 
SHR, preganglionic axotomy 0.47 +0 08* 
SHR, postganglionic axotomy 2,66-+0,33 
KWR, sham operated 2.2540 [57 


a pin somone nim 


Choline acetyltransferase 


Tyrosine hydroxylase 


Acetylcholinesterase 
(nmol CO, per h per pair) 


(nmol acetate per h per pair) 


21.3 =2.3 0.167 -0.009 

20.7+1.4 0.1520 011 
». '9.8+1.2 0.175 0.019 

19.5+0.8 0.134+0.011F 


Values are mean -+ s.e.m. for 5 animals at 4 weeks of age. Axotomy was performed under ether anaesthesia 5d before killing. Differences 
in control values for ChAc and TH when compared with Table | are probably due to the effects of age difference and laparotomy stress. 


*P < 0.01 compared with SHR controls. 
tP < 005 compared with SHR controls. 


ganglion shows a significantly more pronounced hyper- 
trophy than the paravertebral superior cervical ganglion and 
stellate ganglion in young rats’. Our results indicate pos- 
sible selective maturation of coeliac ganglia in young SHR. 
This ig supported by findings that there is a rostro-caudal 
gradient in TH ontogeny in various sympathetic ganglia, for 
example, ın maturation of the sixth lumbar ganglia at 2 
months of age’ and in superior cervical ganglia at 14d 
(ref. 16). Thus it suggests that in the coeliac ganglia, TH 
activity would not reach adult plateau values by 4-5 weeks 
of life, the age of young SHR in our experiments. 

The observed activation of the coeliac ganglion in young 
SHR may enhance the release of noradfenaline and DBH 
levels into peripheral circulation from the coeliac ganglion- 
innervated arteries in splanchnic egion and others. It is 
clear that in young, prehypertensive SHR, the selective 
activation of pre- and post-synaptic neuronal activities in 
coeliac ganglia inifiates the elev&tion of blood pressure. 

Kerfi NAKAMURA 
Kazuo NAKAMURA 
Department of Pharmacology, l 
Nippon Roche Research Center, 
Kamakura 247, Japan 
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Colour-coding properties of sustained 
anc transient channels in human vision 


WHEN the colour of a visual stimulus is repetitively alternated 
between say red and green, the percept evoked depends upon the 
temporal frequency of repetition ,At very low frequencies (for 
example, 1-2 Hz), the repetitive change in colour ts readily 
apparent. But at frequencies above about 10 Hz, no changes in 
colour are perceived, the stimulus in this case would appear a 
uniform yellow but would still seem to be flickering in brightness 
Observations of this kind suggest that the colour ofa stimulus may 
be analysed by a set of channels different from that analysing the 
brightness or flicker, The flicker or brightness channels respond to 
higher temporal frequencies of flicker than do the colour channels 
This idea was confirmed by King-Smith? who has described how 
the sensitivity to coloured flashes of light changes with flash 
duration He further described the subjective appearance of the 
flash, and concluded that a stimulus was not necessarily detected 
by the same channels as those thatedetected its colour. When the 


flash was brief, the stimuli usually looked achromatic, except when 
the wavelength was below about 490 nm Theintensity of the flash 
had to be raised above the detectionedhreshold before the colour 
could be perceived At longer flash durations, the colour was 
apparent as soon as the flash was detectable. The channels 
signalling the colour of a stimulus have a longer “integration time’ 
than those giving an achromatic percept. This kind of experiment 
examines differences in the high temporal! fiequency behaviour of 
the two sets of channels. It is of interest to examine the low 
temporal frequency behaviour as well because recent neuro- 
physiological investigations of the monkey's visual system make 
use of this behaviour in classifying neurones?->. Some neurones 
give u sustained response to prolonged presentation ofa stationary 
stimulus, others respond only transiently to the stimulus onset I 
show here that human colour channels give sustained responses 
while the flicker or brightness channels give transient responses. 

The stimuli were disks (1° diameter) viewed against a white 
background (3 5° diameter) The background, viewed through a 
pellicle, was made by illuminating a diffusing screen with a 
tungsten halide bulb of unknown colour temperature. The lumi- 
nance of the background was 50cd m™? which gave a retinal 
illumination of about 1000 td (5 mm pupil) The light source for 
the 1° test stimuli was the P31 phosphor ofan oscilloscope. This 1s 
not ideal as the phosphor emits little red light, so that the range of 
wavelengths examined is limited. Four test ‘colours’ were used: 
blue (Ilford 621; nominal peak 450 nm), green (Ilford 807; 
530 nm), yellow (Ilford 626; 570 nm) and orange (Ilford 607, 
590 nm). The widths of these filters at half maximum transmission 
are 30-80 nm. 

Test stimuli were flashed on and off af intervals of 4 s while the 
background remained steadily illuminated. The observer adjusted 
the intensity of the test stimuli until he considered that they were 
only just visible. Eight threshold settings were made for each 
stimulus. In the first series of experiments, the observer attempted 
to detect an 8-ms flash of the stimulus superimposed on a 
subthreshold flash lasting 1 s. The test and subthreshold flashes 
were spatially co-extensive and were of the same colour. It has been 
aigued® that this technique examines the subliminal response of 
channels to the subthreshold long flash Thus, if the subliminal 
response 18 transient, the sensitivity for the brief flash will be 
increased soon after the onset of the conditioning flash but will 
return to its control value after 100-200 ms, as the transient 
response subsides. But, if the subliminal response 1s sustained, the 
sensitivity will not return to its control value until after the end of 
the conditioning flash. 

Figure la illustrates the results of such an experiment for three 
different colours. In all three cases the sensitivity to the test flash 
was increased when it appeared 16 ms after the onset of the 
conditioning flash. For green and orange stimul, the sensitivity 
returned almost to normal when the test flash appeared 500 ms 
after the onset of the conditioning flash The subliminal response 
to the long flash was transient. For the blue fias, however, the 
sensitivity remained high, suggesting a sustained subliminal 
response y 

In confirmation of King-Smith’s finding, the brief green and 
orange flashes appeared almosf achromatic while the blue flash did 
appear a deep blue. The almost achromatic percept was ofa silvery 
glow with perhapsa tnt ofthe appropnatecolour Noattempt was 
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made to show rigorously that the percepts evoked by the green and 
orange stimuli were indistinguishable. 

Figure lc shows the re$ults ofa similar experiment, but with test 
flashes lasting 250 ms. For both the green and orange stimuli, the 
sensitivity to the test flash remained higher than normal even when 
it was presented 500 ms after the onset of the long flash. The 
subliminal responses of the channels detecting the 250-ms flashes 
were sustained Again, confirming King-Smith’s observations, the 
test flashes (being long) appeared coloured, 

These results suggest that ıf a narrow-band stimulus appears 
coloured, ıt 1s detected by sustained channels. If it seems achro- 
matic, it 1s detectéd by transient channels It might be expected 
that, if two stimuli seem to Be of different colours, they would be 
detected by channels responding to different narrow bands of 
wavelength, the stimul: might be detected independently Ap- 
pagently-achromatic stimuli of different wavelength might be 
detected by one set of broad band channels, stimuli of different 
wavelength would summate 

Figure 2a illustrates an experiment to test this prediction. Two 
test stimuli of different colour were generated using two oscillo- 
scopes viewed through a half-silvered mirror In the upper part of 
the figure, a yellow flash was added to a simultaneous green flash. 
The relative intensities of the two stimuli were adjusted to make 
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Fig. 1 Sensitivity to an 8-ms flash ın the presence of a subthreshold 
flash lasting 1 s a, Temporal waveforms of the four stumul) Stimulus 
A ıs the condyfioning flash alone, stimulus B 1s the test flash alone In 
stimulus C, the test flash occurs 16 rns after the onset of the 
conditioning flash, in stumulus D, the test flash occuis with a delay of 
500 ms 8, Sensitivities for the four temporal waveforms, for each of 
three colours Sensitivity (mean) is xpressed relative to that for 
stimulus Bin each case The verticg! lines on each histogram block 
show + lse m. cand dareas for (a) and (b), respectively, except that 
the test stimuli lasted 250 ms as shown ın the upper panel. Only green 
and orange stimuli were used i 
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Fig. 2 Summation between stimuli with different wavelength com- 
position a, for yellow (Y) and green (G) stimuli. Summation was 
examined at two flash duragions The yellow and green flashes in each 
case were synchronous and of the same duration Sensitivity 1s 
expressed relative to that for the yellow stimulus alone The 
horizontal arrows show the sensitivity for the qomposite stimulus if 
there had been perfect summation of the sensitivities to the two 
components b, for orange (O) and green (G) stimull. 


them more or Jess equally detectable alone, The sensitivity to the 
mixture was then determined. The arrows show the sensitivity that 
would have been achieved if there had been perfect summation 

Both for short and far long flashes, summation was more or less 
perfect, implying that the two colours were detected by the same 
channels This was found even though the long flashes appeared 
coloured. The green and yellow flashes were not easily distinguish- 
able, however, both appeared to be green at threshold, suggesting 
that they were detected by the same colour-signalling channels 

Figure 2b shows a similar experiment. The wavelengths of the two 
test stimul: were made more dissimilar (green and orange) Perfect 
summation was found only for the brief flashes, when both stimuli 
appeared achromatic. At long durations, the flashes appeared to 
be of different colours, and summation was incomplete These 
results seem to be consistent with the observation that summation 
of the brightness of different wavelengths 1s almost perfect in 
flicker photometry’, whereas complex interactions are found 
when the stimuli are presented for 500 ms (ref. 8) 

My results confirm King-Smith’s suggestion that there are two 
sets of channel in the human visual system. One class signals the 
colour ofa stimulus, this class 1s made up of several subsets #which 
each respond te a limited band of wavelengths The second class of 
channel does not give information about the colour of a stimulus, 
but responds to a broad band of wavelengths. This paper has 
added the observation thae the colour-coded channels give 
sustained responses to flashed stimuli, while the broad-band 
channels give transient responses at the onset of the Mash. Single 
neurones in the monkey visual system show a similar difference: 
colour-opponent neurones give sustained responses, whereas 
broad-band non-opponent neurones respond transiently?~* 
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Solubilisation and partial purification of 
auxin-binding sites of corm membranes 


THE demonstration by Hertel et al.’ of reversible, high-affinity 
binding of auxins to membranous preparations from corn col- 
eoptiles provided for the first tme a reliable and readily accessible 
system for the study of potential receptor-phytohormone in- 
teractions. In a detailed investigation of the binding kinetics and 
specificity of this system, we presented evidence for the presence of 
two classes of auxin-binding sites with differing affinities and 
specificities?’*. Site 1, with a Kp for the synthetic auxin l- 
naphtf#alene-acetic acid (NAA) of 0.14 uM, was able to bind both 
auxins and physiologically inactive analogues, whereas site (Kp 
forNAA = 1.7 uM)displayed binding specificity confpatible with 
that expected of an auxin receptor? and was located in a heavier 
membrane population, enriched in plasma membrane*. Auyin- 
binding activity can be readily solubilised from the membranes 
with Triton X-100 (ref. 2), but our attempts to purify such extracts 
further have met with only limited success. I seport here that both 
binding sites can be conveniently removed from the membranes 
without detergent and purified approximately 100-fold in two 
steps. s 

Membranes were prepared from 40-80 g of corn coleoptiles 
(Zea mays, Kelvedgn 33) by differgntial centrifugation between 
4,000g and 80,000g, as before’. The pellets were suspended using 
a Tefion—glass homogeniser, in 0.1 volume (based on original 
tissue weight) of grinding buffer? and the suspension was added to 
20 times its volume of Analar acetone at 4 °C, with stirring. The 
clumped precipitate was separated from the yellow, opalescent 
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Fig. 1 Double reciprocal analysis of NAA binding to the crude 
membrane extract Samples of 1 ml (each equivalent to 2 g of tissue) 
were dialysed against 1 ml of '*C-NAA (61 mCi mmol’, Radio- 
chemical Centre, Amersham) in binding buffer (0 25 M sucrose, 
5mM MgsO,, 10 mM citrate—acetate, pH 5 5), supplemented with 
yarying amounts of unlabelled NAA to give a range of equilibrium 
concentrations from 0 15 to 1.0uM. Equilibrium required a mini- 
mum of 5-h dialysis at 4°C using Dianorm cells (MSE, Crawley) 
Radioactivity in 750-1 aliquots from each half-cell was determined 
by liquid scmullation counting The regression lines of the double 
reciprocal plot were fitted by the method of Wilkinson‘; site binding 
constants were derved as described by diunston® for a two- 
site system K,=017uM, n,=143 pmolg”'; K,=1.4 uM, 
n,=51 pmol g™?. 
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supernatant by vacuum filtration or by low-speed centrifugation, 
washed with acetone and dried in a stream of nitrogen. The dried 
residue was extracted by homogenisation in DBB (a fivefold 
dilution of binding buffer, see Fig. 1 legend and ref. 2) and 
insoluble material was removed by centrifugation at 38,000g, 
15 min. 
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Fig. 2 Purification of auxin-binding proteins. The crude mem- 
brane extract was applied to a 5 x 1 5-cm column of DEAE Bio-Gel 
(Bio-Rad) equilibrated ın DBB (fivefold diluted binding buffer; see 
legend to Fig 1) The column was washed with DBB until 4,,, 
approached the baseline value Elution was then continued step-wise 
with ae buffer (BB), followed by 0.5 M NaCl in binding buffer 
Fractions of 2.5 ml were collected and aliquots (diluted to 1 ml with 
binding buffer) were assayed for auxin binding by equilibnum 
dialysis against | ml of 0.3 uM '4C-NAA Binding was determined 
from the radioactivity difference between each pair of half-cells The 
fractions with binding activity were pooled, concentrated to 1.8 ml by 
centrifugal ultgafiltration (Amicon CF25 membrane cones) and 
applied to a column, 81 x 1 5cm of Sephadex G100 (Pharmacia), 
equilibrated ın binding buffer Fractions of 2 0 ml were collected and 
assayed for auxin binding a, DEAE Bio-Gel profile, b, Sephadex 
G100 profile Vo, void volume (ferntin). Arrows indicate elution 
peaks of standard proteins of the molecular weights indicated. ; 
Absorbance at 280 nm ,-—— —, '*C-NAA binding 





Binding of ‘*C-NAA to these crude membrane extracts was 
examined by equilibrium dialysis Double reciprocal analysis 
(1/bound against |/free) of the binding data yields biphasic plots 
(Fig. 1) similar to those obtained with intact membrane prepara- 
tions’, and suggesting that Both sets of binding sites have been 
solubilised from the membranes. The dissociation constants 
(K, = 0.17 uM; K, = 1 4 uM) and the proportionality of bind- 
ing sites (n; :m,) are in good agreement with the values for site 1 and 
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site 2 respectively deduced ın earlier membrane experiments” The 
total yield of soluble binding sites in different experiments has 
ranged from 45 to 90% ofthat expected ın the original membranes, 
the source of this vanability 1s not clear 

When the buffer extracts were fractionated on DEAE Bio-Gel, 
auxin-binding activity was confined to the peak eluted with 
binding buffer (Fig. 2a) The auxin-binding material ıs heat labile 
(> 90%, loss of activity after 5 min at 90 `C), non-dtalysakle, and 
precipitates at 70%, ammonium sulphate saturation. The post- 
DEAE binding fractions are positive to the Lowry reagent® and 
nucleic acids were undetectable by organic micro-phosphorus 
analysis’ The binding species are therefore likely to be proteins 
The pooled post-DEAE binding fraction was further punfied on 
Sephadex G100, yielding a single, usually asymmetrical auxin- 
binding peak (Fig.20). The apparent molecular weight at the 
shoulder (fraction 31) 1s 47,300 and at the peak (fraction 33), 
40,300 Overall purification in the two-column steps on the basis of 
¢pm. bound per mg protein (mean of three experiments) is 
approximately 100-fold (crude extract = 1750, DEAE 
peak = 14,500, G100 peak = 171,800). 

The asymmetric nature of the binding profile from Sephadex 
G100 could indicate a partial resolution of site | and site 2 proteins 
Gel electrophoretic analysis of the post-Sephadex binding frac- 
tions indicates only limited heterogeneity,but additional punfic- 
ation and scaling-up are needed to assign the binding protein 
bands with greater confidence. Investigation of the effects of 
potential affinity labels on auxin binding to isolated corn memb- 
ranes has permitted the tentative assignment of several of the 
amino acid residues in the binding site environment®. The 
availability of the solubilised binding proteins and the use of 
radioactive affinity labels will facilitate further characterisation of 
the binding sites 

The problem of establishing directly the significance of the 
binding sites ın relation to the physiology of auxin action ts more 
difficult to approach, but in principle it should be possible to 
incorporate the binding proteins in a synthetic membrane system, 
perhaps in conjunction with an ATPase, and look for a specifical ly 
auxin-mediated response such as proton pumping” 

I thank Richard Bumpus for technical assistance 
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Relationship between amount 
of Epstein-Barr virus-determined 


nuclear antigen per cell and number 
of EBV-DNA copies per cell 


EPSTEIN-BARR virus-determined nuclear antigen (EBNA) can 
be detected tn all EBV~DNA-carrying cells! 2. This includes 
Burkitt's lymphoma (BL) and fhasopharyngeal carcinoma 
(NPC) tumour biopsy cells’ and EBV-carrying lymphoid 
lines! Of the known EBV-associated antigens only EBNA is 
regularly associated with the presence of viral genetic material, 
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no matter whether the cell line produces virus or not®’. The 
composition and functior’of EBNA are largely unknown. Some 
recent reports suggest that EBNA ıs a protein that binds to 
DNA in vitro™*, and ts associated with chromosomes in vivo at 
least in part!. EBNA might be a virally determined or virally 
altered chromosomal protein of the non-histone type” It ts 
«tempting to speculate that EBNA has’a role in EBV-induced 
cell transformation (“‘immortalisation’’!’) and/or in the control 
of viral gene expression There ıs a wide variation in the average 
number of EBV gendme equivalents between different EBV- 
DNA-carrying cell lines. In virus non-producer cell lines this 
number is a better approximation of the true EBV genome 
number for individual cells than in virus producer lines, and ts 
relatively stable over long periods of seria] passage’! The EBNA 
content of EBV-containing cell lines also seems to vary between 
different cell lines, as judged visually in the fluorestence micro- 
scope We have measured the amount of EBNA per cell, by 
quantitative immunofluor:imetry in different cell lines, in 
parallel with determining the average number of EBV-DNA 
copies, and established a correlation between these twq para- 
meters. i 
Eleven non-producer lines were tested Three were derived 
from Burkitt's lymphoma (Raji!?, Namalwa'?, Rael’), three 
were independently established somatic cell hybrids of Raji and 
Nafhalwa (RN2, RNI7, RN21) (ref. 15), four were EBV- 
carrying lymphoblastoid cell lines of non-neoplastic origin 
(303L (ref. 16), 6410 (ref. 17), F265 (ref. 18), PESS (ref. 14) 
and one was an EB¥-converted derivative of the EBV-negative 
BL line Ramos (AW-Ramos (ref 19)). The average number of 
EBV genome equivalents per cell was estimated by nucleic acid 
hybridisation as described previously*. Briefly, 10-ug alı- 
quots of cellular DNA, immobilised on nitrocellulose filters, 
e 
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Fig. 1 Frequency distribution of EBNA fluorescence inten- 

sities of individual cells in cell lines that carry on average 160 

(RNI7, a) = (Raji, b) and 3 (Namalwa, c) EBV gendSme 
equivalents per cell 


were incubated for 96 h at 45 °C with 1 ng (1.5 10° c.p.m.) 
*2P_tabelled EBV complemegtary RNA fcRNA) in 0.3 mi 0.9 
M NaClI-0 09 M trisodium citrate, containing 50% formamide 
Negative (calf thymus DNA Jand positive (NC37 (ref. 18) cellular 
DNA) controls were included in all experiments. The number 
of EBV genome equivalents per cell were calculated from the 
assumption that the molecular weight of EBV DNA ıs [0* 
(ref, 20), that of DNA from a diploid human cell 4 101}, and 
that of DNA from a tetraploid cell 8x 10'7, 

For Immunofluorimetry, small circles were drawn on a slide 
with a diamond. Cells of different céll lines were placed within 
different circles and diluted fo allow a distance of 2-3 cell 
diameters between indsvidual cells, in order to facilitate indivi- 
dual cell measurement without neighbour interference. Two 
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Raji cell samplés were placed on each slide for reference. The 
cell patches were dried, fixed in acetoné—methanol (2:1) for 3 min 
and incubated with an EBNA-positive serum from a BL patient 
(M.A., Kenya Cancer Councjl No. 1530, EBNA titre 1:160, 
VCA titre 1:640 and EA-R titre 1:40, diluted 1:10 with BSS) 
for 30 min. Thereafter the slides were incubated for 30 min 
with 1:10 diluted complement from a healthy human donor® 
(LE) with no antibodies to EBNA or to any other EBV- 
determined antigens. Staining was carried out using fluorescein- 
labelled goat anti-human Bie (Hyland laboratories, Los 
Angeles, California). Fluorescence emission of randomly 
selected individual cells was determined by microspectro- 
fluorimetry as described previously?! 

Figure 1 shows the frequency distribution of fluorescence 
intensity (FI) per cell in three lines. Raji and Namalwa were 
compared with one of their somatic hybrid derivatives, RN1I7 
In each line fluorescence Intensity per cell is distributed over a 
wide range. It is noteworthy that the FI values of the RNI7 
hybrid were not only higher than for either parent, but exceeded 
for mest cells the additive value of the two parental lines. ° 

EBNA fluorescence intensities of the same cell lne (Raji) 
varied considerably between different experiments. To stan- 
dardise the system, the mean value of the Raji cell patch on 
each slide was taken as reference value for the other lines 
measured on the same slide. This was chosen as a referénce 
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Fig. 2 Amount of EBNA per cell (mean cellular fluorescence 
intensity) plotted against average number of EBV genomes 
Mean EBNA fluorescence value of each Raj: standard cell 
population has been normalised to 100. All individual cell values 
of fhe other lines were computed in relation to the reference 
value. The corrected mean values were entered foreach cell line. 
These mean values are based on the following number of cells 
measured: Raji 358, AW~Ramos 162, Namalwa 143, PESS 56, 
F265 15, 6410 40, Rael 25, 303L 13, RN-2 40, RN-I7 40, 
and RN-2! 40. The number of EBV genomes was estimated by 
filter nucleic acid hybridisation as described ın the text. 
because the variation between Raji patches on the same slide 
was much smaller than between different slides and different 
experiments. Following this procedure the EBNA content of the 
different cell lines could te compared and studied in relation to 
the number of EBV genome equivalents per cell. As shown in 
Fig. 2, there was a strong correlation between these two para- 
meters (r — 0.86). Three lines, Namalwa, 6410 and AW-Ramos, 
had low numbers of EBV genome equivalents per cell and they 
also had the lowest quantity of EBNA per cell. Four lines, 
303L, F265, PESS, and Raji, had intermediate EBNA and 
. o 
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EBV-DNA values. The three RN hybrids confirmed the 
impression gained from Fig. E, in showing that the amount of 
EBNA per cell was not simply an addition of the parental 
values, but was amplified beyond the expected sum of the 
parents Even more interesting was the fact that this amplifica- 
tion seemed to be directly proportional to the amplified EBY 
genome copy number, already demonstrated by Andersson?! 
One cell line shows comparably low fluorescence intensity, 
Rael. It had a very low EBNA value per cell, but a somewhat 
higher EBV-DNA copy number than expected. In this con- 
text it is interesting to note that Brown eg a/**. found that 
the binding of radiolabelled anti,EBNA antibodies to Raj 
nuclet was completely inhibited by nuclear extracts from 
several EBNA-positive cell lines, but only partially inhibited 
by Rael extracts. This suggests that Rael might lack some 
antigenic subcomponent of EBNA. This would also explain the 
low fluorescence intensity of Rael cells. i 

Obviously, the calculation of méan EBV-DNA and EBNA 
values masks the previously demonstrated cycle-dependent 
variation of both parameters?? (also I.E. and D.K , unpublished). 
The multiple EBV genomes carried in non-producer Raji cells 
were shown to replicate during early S phase**. We have found 
that EBNA increases continuously during the cell cycle, most 
of the increase occurring during the GI phase (I.E. and D.K., 
unpublished), The fact that the mean values show a strong 
correlation suggests that physiological variations tend to ‘even 
out’ in large populations sampled on different occasions 

The relationship between mean EBV~DNA and EBNA 
values raises some intriguing questions. It is known that the 
‘immortalising’, proliferative interaction of EBV with its host 
cell, the human or primate B lymphocyte, ts entirely dependent 
on the restrictions of viral gene expression that prevent the 
entry of EBV-~DNA-carrying cells into the invariably lethal 
viral cycle. Non-histone chromosomal proteins are believed to 
have a transcription-regulating role in differentiated cells24>*. 
Since EBNA seems to be a virally induced or virally changed 
chromosoma! protein, it 1s tempting to speculate that it may 
have an analogous role, perhaps in direct relation to the EBV 
cycle. A positive correlation might be expected between EBNA 
and EBV-DNA if EBNA regulates the transcription of the 
multiple viral genomes. Alternatively, or in addition, EBNA 
may have a role in transforming the normal B lymphocyte into 
an indefinitely proliferating, established cell line. As a third 
possibility EBNA might be simply a product of the latent viral 
genomes, without having any role in viral transformation or in 
the maintenance of viral latency. The correlation we have found 
might then be due to a viral géne~—dosage effect. 
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National Cancer Institute, the Swedish Cancer Society and the 
King Gustaf V Jubilee Fund. I E is the recipient of a fellow- 
ship in Cancer Immunology from the Cancer Research In- 
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Proton pump coupled to ; 
cytochrome c oxidase in mitochondria 


CYTOCHROME c¢ oxidase ıs an important enzyme of aerobic 
metabolism, catalysing electron transport between cytochrome c 
and molecular oxygen. Apart from this essential redox reaction the 
enzyme must be involved in conservation of the released redox 
energy for utilisation in ATP synthesis at the socalled third site of 
oxidative phosphorylation. I report here that the redox activity of 
mitochondrial cytochrome c oxidase 1s coupled to the translo- 
cation of hydrogen ions across the inner mitochondnal membrane 
' This finding may be a clue to the role of cytochrome oxidase in 
energy conservation. 

Cytochrome oxidase is located in the inner mitochondnal 
membrane, as are the other components of the respiratory chain 


Fig.1 Kinetics of membrane potential, pH grad- 

rent And e ingoes shift in ferric cytochrome c 

oxidase e reaction mixture contaimed 0.2 M 

sucrose and 30mM HEPES buffer, pH 7 2, with 

further additions of 10 uM rotenone, 0 33 mM 

EDTA, 09 mM sodium ferricyanide, oligomycin aay 

(9 ug ml~') and rat-liver mitochondna (3 6mg 
Seto heal ml) In the experiment marked NR, a 

urther 45 uM of neutral red was added, and in the 
experiment marked safranine, this dye was added 

to a concentration of 20uM Dual wavelength 
spectrophotometry was performed ai the indicated 
‘wavelength couples, using cuvettes with | 0-cm 
. light path Temperature was 23 °C Each experi- 

ment was stared: after 30s pre-incubation with the 
mitochondnia, by addition of valinomycin (0 1 ug 
mi~‘). An upward deflection of the safranine trace 
indicates formation of an electrical membrane 
potential with positive polarity extramitochon- 
dnally!? An upward deflection of the NR trace 
indicates acidification of the intramitochondnal 
space}? (at the high extramitochondnal buffering 
power used the dye measures intramitochondnal 
pH only'*) Upward deflection of the trace marked œ í 
aa, signifies the energy-linked spectral shift in the . ; 

ferric OAOE c oxidase>:8-!° valinomycin 


safranine 


———— 


and the ATP synthetase complex. Moreover, the enzyme seems to 
span the membrane, being exposed to some extent on both 
surfaces’ Mitchell’s chemiosmotic hypothesis of oxidative phos- 
phorylation? ~* postulates that cytochrome oxidase catalyses 
transmembrane electron transfer from cytochrome c (on the 
outside) to oxygen, which is reduced on the inside of the membrane 
with consumption of H* ions The vectorial electron transfer ts 
suggested to give rise toa membrane potential (Aw) while the inside 
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H* consumption gives rise to a pH gradient (ApH). The resulting 
electrochemical protory gradient (or protonmotive force, 
Aly+ =Ay—60ApH) 18 suggested to be the driving force for 
oxidative phosphorylatfon?~*. 

The conformation of the haefns in mitochondnal cytochrome 
oxidase changes ın parallel to Au, ,, but does not correlate with 
either of its components, AW or ApH, alone*. Energisation of 
mitochondria, which is associated with the development of a 
protonmotive force of some 200 mV (positive outside)®, shifts the 
enzyme into a more low-spin conformation with associated 
changes ın spectral, redox and kinetic properties* 7+! 

The parallelism between the electrochemical proton gradient 
and the conformation of cytochrome oxidase 1s demonstrated in 
Fig. 1, where a diffusion potential of potassium tons 1s specifically 
induced across the mitochondrial membrane with the aid of the 
1onophore valinomycin. As demonstrated previously'?, the elec- 
trical potential difference can be monitored spectro- 
photometrically using safranine as a probe, while ApH can be 
recorded by means of the pH indicator neutral red'*. As Fig. 1 
shows, the electrical diffusion potential decays slowly, as expected, 
from a membrane system orders of magnitude less pernfeable to 
lonic species other than potassium. Neutral red shows pro- 
gressively more acidity inside the mitochondria, with kinetics 
lagging behind the formation of the electrical potential. This 
swegests a relatively slow flux of protons into the mitochondna in 
response to the induced membrane potential. The spectral shift in 
ferric cytochrome oxidase (see refs 5,7-10) develops with kinetics 
sumular to the safranine signal, but decays with much faster 
kinetics, similar to those of neutral red. Thus the conformation of 
cytochrome oxidase follows neither the Aw nor the ApH com- 
ponent of the protonmofive force, but seems to change in parallel 
with their sum (Aly +), decaying as the protonmotive force decays 
primarily due to increased imternal acidity. e 

Cytochromecoxidase would be expected to be sensitive to the 
electrochemical proton gradient ıf the conformational change of 


en 


A A=0.01 

aa,: 436-418 nm 

NR: 540-581 nm 
safranine > 509-542 nm 


T 


-> 60s k 


the enzyme were coupled to the translocation of hydrogen 1ons 
across the membrane. Thus Auy+ may drive protons into the 
mitochondna through a ‘pump’ coupled to the high- to low-spin 
transition in ferric haem Conversely, and more important, redox 
activity of cytochrome oxidase may lead,to the low-spin ‘high 
energy’ form of the enzyme, followed by transition to high-spin 
coupled to translocatton of H* 1ons out across the membrane’ 
This possibility was tested by pulsing aerobic mitochondria with 
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Fig.2' Ejection of hydrogen tons coupled to oxidation of fer- 
rocyanide im mutochondna The reaction medium, 015M 
KCl-I mM HEPES, pH 7 4, was supplemented with 10 uM rot- 
enone, antimycin (0 21 ug ml~'), valinomycin (0.67 ug ml~'), olig- 
omycin (6 7 gm” 1),0 67 mM EDTA, 0.33 mM NEM and rat-liver 
mitochondria’ toa finaLconcentration of 5 3(a) or 6.0(4) mg protein 
per ml A dual wavelength spectrophotometér (Johnson Research 
Foundation Workshops, Philadelphia) was used at the wavelength 
couples indicated. An increase in the absorption difference results in 
an upward defiection of the trace. Light path wag 10cm and 
temperature was 23 °C, Recording of extramitochondnal pH (a, 
upper trace, and b) was done ın the presence of 10 uM phenolred The 
signal was calibrated with aliquots of HCI and found to be linear with 
(H*)in the range measured terri yande production (a, lower trace) 
was recorded in the absence of the pH indicator. The signal was 
calibrated with known concentrations of ferricyanide The reaction 
was Started after 10 min premcubation by addition of 0 67 mM (a) or 
033 mM (b, upper traces) ferrocyanide (at arrow) For the lower 
trace of (b), 0 67 mM ferricyanide was added as a control Numbers 
adjacent to traces in (a) refer to initial rates in uM min™! of H? 
production (upper trace) and ferricyamide formation (lower trace) 
respectively In (b) 08 uM carbonylcyanide p-trifluoromethoxy- 
phenylhydrazone (FCCP) was present when indicated 
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ferrocyanide as electron donor. The mitochondria were pretreated 
with rotenone and antimycin to minimise endogenous respiration, 
and oligomycin to abolish any proton inflwx linked to phosphory- 
lation of endogenous ADP The experiments were performed in a 
KCI medium with valinomycin to ensure that any electrogenic 
proton efflux would be balanced electrically by influx of potassium 
ions N-ethyl-maleimide (NEM) was further added to inhibit the 
proton~phosphate symporter(or hydroxyl—phosphate antiporter) 
of the mitochondrial membrane’? 

In these conditions oxidation of ferrocyanide by oxygen 
through cytochrome c and cytochrome oxidase indeed resulted ın 
net release of protons into the extramitochondrfal phase (Fig. 2a) 
The stoichiometry of the initial pha$e of the reaction was very 
closely one H* ton released per oxidised ferrocyanide, with 
ferrocyanide pulses between 0 13 and 1 35 mM. After the initial 
proton release there 1s alkalimisation of the mitochondrial suspen- 
sion (Fig 2) due to consumption of protons in the reduction of O, 
to water. In the presence of a proton-conducting uncoupling agent 
(FCCP, Fig. 26), only the latter H* consumption ts observed with 
the expected H*/e™ stoichiometry of | 0. Fig. 2b also shows that 
inhibition of the proton—phosphate symporter by NEM 1s a 
prerequisite for observation of net H* eyection. Leaving out either 
the valinomycin or the oligomycin retarded net H* release (not 
shown) The lack of these constituents in the ferrocyanide pulse 
experiments of Mitchell and Moyle’® may explain why they did 
not observe proton release. That the H* ejection 1s indeed coupled 
to oxidation of ferrocyanide and not to reduction of formed 
ferricyanide by endogenous substrates (though rotenone and 
antimycin were present to prevent this) was confirmed by the 
finding that ferricyanide itself produced negligible H* ejection 
(Fig. 25), Moreover, inhibition of cytochrome oxidase by cyanide 
was fully inhibitory. Appropriate controls ensured that true pH 
changes were measured by the phenol red technique Identical 
experiments using a pH electrode instead of the dye (not shown) 
confirmed that this was indeed the case 

It seems likely that the protons ejected into the extramitochon- 
drial space originate in the mitochondrial matmx rather than in 
mtmbrafle protein components, for with large ferrocyanide pulses 
the number of protons ejected exceeds the content of respiratory 
chain complexes by a factor larger than 25. Moreover, with neutral 
red as an indicator of intramitochondnal pH (ref 13)ea fer- 
rocyanide pulse caused rapid alkalinisation (Fig. 3), which was 
highly inhibited by uncoupling agents, and the extent of which was 
enhanced by NEM. 

These results suggest that the oxidatiof of ferrocytochrome c by 
oxygen as catalysed by mitochondrial cytochrome c oxidase is 
coupled to the activity of an electrogenic proton pump. The H* 
translocation 1s apparently linked to a conformational change in 
cytochrome aa; with an associated spin state transition in the haem 
structure. The basic mechanism thus resembles the Bohr effect ın 
haemoglobin'’ though in cytochrome oxidase the protons are 
translocated across a membrane with conservation of energy The 


+ 

Fig.3 Intramıtochondnal alkalinisation coupled to ferro- 
cyanide oxidation by mitochondria Reaction mixture 
012M KCl-30 mM HEPES-Tns buffer, pH 74 with 
additions as listed in the legend to Fig 2 Rat-liver 
mitochondna 5 2 mgproteinml~’ Neutral Red 67M The 
experiment was performed as descnbedin Fig 1, by addition 
of 0.67 mM ferrocyanide in the absence (—FCCP) or 
presence (++ FCCP) of 0 8 uM FCCP 
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Fig. 4 Possible arrangements of the proton pum 

mitochondnalcytochromec oxidase Symbols c,aanda,indicatethe 

respective cytochromes, Fe" and Fe! indicate ferro-and ferricyanide 
respectively. For further details, see text. 


coupled to 


observed H*/e~ stoichiometry of 1 means that transfer of two 
electrons to 1/2 O, leads to separation of four charges across the 
mitochondnal membrane and not two as envisaged in the 
chemiosmotic hypothesis'® As shown in Fig. 4, however, there are 
at least four possible arrangements of cytochrome oxidase and the 
proton pump in the mitochondrial membrane. Alternatives aandc 
retain the transmembrane electron transfer feature of cytochrome 
oxidage* but add a proton pump with a stoichiometry of 1 H*/e~ 

either as part of (the subunit structure of) the enzyme itself (a), or as 
a separate molecular entity (c). If electron transfer is not elec- 
trogenic (6 and d), the proton pump must be responsible for the 
entire charge separation and should thus operate with a stoi- 
chiometry of 2H*/e~ (or 4H*/2e~) to fit the present data 

Distinction between alternatives a and b compared with ¢ and d 
should be possible by studying H* translocation in liposomes 
incorporated with punfied cytochrome oxidase’® Studies of this 
kind have shown (myandH T.Saan’s unpublished work) that the 
proton pump described 1s an intmnsic property of this enzyme (a 
and b, Fig 4) rather than a separate molecular entity (c and d, Fig 

4). A distinction between alternatives a and c compared with band 
d may, however, be more difficult experimentally. 
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Non-allelic variants of 
histones 2a, 2b and 3 in mammals ` 


THE genome of eukaryotes is organised in nucleoprotein fibres 
formed by the interaction of the DNA with small basic proteins, 
the histones, and by specific interactions between certain his- 
tones’ To gain more insight into the molecular organisation of 
chromosomes it 1s necessary to determine in detail the com- 
plexity and variability of the histones. The chromosomes of 
eukaryotes contain five major types of histones. One of these, 
thé very lysine-rich H1, consists of a small number of poly- 
peptides which differ slightly tn-primary structure and which are 
present in differen{ relative amounts in different tissues*. The 
other four histones, which are involved in histone~histone 
interactions, were considered homogeneous and invariable until 
it became possible to resolve H2a, H2b and H3 into variants 
which exhibit tissue-specific variation by polyacrylamide gel 
electrophoresis in presence of non-ionic detergents? (Fig. 1). We 
report here on the primary structure of the variants of 
mammalian histones 2a, 2b and 3. 

Individual histone components were isolated from calf 
thymus and several other mammalian tissues by preparative 
polyacrylamide gel electrophoresis (in the presence of Triton 
X-100) of fractions enriched in tndividual histone classes by 
chemical fractionation? or by ion exchapge chromatography on 
CM-cellulose (S.G F. and A.Z. in preparation). Direct com- 
parison of the amino acid compositions of the electrophoretically 
pure variants, of the different histone classes indicated the 
presence of one to three amino acid substitutions in each case. 
To determine the molecular differences between the variants in 
more detail, we analysed their tryptic or thermolytic peptides 
resolved by mucrofingerprinting on microcrystalline cellulose 
plates. 

After visualisation by spraying with 10% triethylamine and 
0.01 % fluorescamine in acetone*’, the peptides (or in some cases 
only non-identical peptides) were eluted from the plates, 
hydrolysed and subjected to amino acid analysis. The position 
within the protein of the eluted peptides was determined By 
homology in amino acid composition with the published amino 
acid sequences for the major components of these histones in 
calf thymus" With the exception of the core of H3.3, no 
ambiguities were encountered in localising substitution stes by 
composition differences. The substitutions determined by these 
methods agree with the differences in composition found by 
amino acid analysis of the intact proteins. 

The tryptic peptide maps of calf H2a.] and H2d.2 were 
identical with the exception of one additional spot seen in 
H2a.2. This spot was found to be Ser-Arg (actual analysis: 
serine, 1.94; arginine, 1.06) arising from a serine—threonme 
substitution at position 16, known also to occur in the rat”. All 
other tryptic peptides from H2a.2 were homologous to H2a.] 
peptides. Thermolytic digestion of the insoluble tryptic core of 
H2a.2 produced a peptide homologous with residues 43-51 
(proline, 1.16; glycine, 2.25; alanine, 2.11; valine, 2.01; meth- 
ionine, 0.53; tyrosine, 0.92) except that aemethionine residue 
was present and leucine 51 was absent. Cleavage of H2a.2 with 
cyanogen bromide, ts8lation of the fragments by preparative 
polyacrylamide gel electrophoresis and amino acid analysis 
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confirmed this Mmethionine-leucine substitution at position 51 
and the serine-threonine substitution at position 16. 

Both tryptic and thermolytic peptide maps of mouse ascites 
H2b.1 and H2b.2 werg identical. Since differences in hydro- 
phobicity determine the resolution of histones in non-ionic 
detergent electrophoresis, we examined the hydrophobic 


regions. Peptide T12 (ref. 12) was homologous with residues ° 


73-79 except that in H2b.2 it contained an additional serine 








HMG M1 í 3 3 2b2b 4 
M4 2.3 2 J 


+) > 


a 
Fig. 1 Comparison of the histones of mouse thymus (a) and mouse 
liver (b) as resolved by electrophoresis (from left to right) on 12°% 
polyacrylamide gels containing 7.5 M urea, 6 mM Triton X-[00 
and 5% acetic acid. The proteins were stained with amido black 
and the gel scanned at 300 nm. |, 2a, 2b, 3, and 4 = major histone 
species; .1, .2, .3 = variants of a given histone species; M!, 
M2, M3, M4 = minor histone species with properties character- 
istic for histones but amino acid compositions not closely related 
to any of the five major histone species®; HMG = ‘high mobility 
group” proteins®’; a = acetylated, p = phosphorylated forms. 
Note the difference tn the relative amounts of H2a.1 against 
H2a.2, H2b | against H2b,2, H3.1 against H3.2 and H3 3 tn the 
wo tissues. 


residue and no glycine (serine, 1.79; glutamic acid, 1.39; 
alanine, 2.18; isoleucine, 1.05; arginine, 0.59). This indicates a 
serine-glycine substitution at position 75. Calf thymus and 
other mammalian tissues contain a minor component which 
migrates similarly to H2b.2 on electrophoresis. The tryptic 
peptide map of this minor component from «calf thymus is 
identical to those of mouse and calf H2b.1 except that it pos- 
sesses one extra spot. The composition of this spot (serine, 
1.23; glutamic acid, 1.19; glycine, 0.93; alanine, 1.83; so- 
leucine, 0.85; arginine, 0.96) ts identical with T12 (which is also 
present orf the map) of H2b.1 yet ıt moves considerably farther 
in the electrophoretic and chromatographic dimensions. The 
most likely explanation for this is the substitution of a glutamine 
for a glutamic acid at position 76 in a new H2b variant, H2b.3. 
This is consistent with its amino acid composition being identical 
to H2b.!. The simultaneous presence of peptide T12 in two spots 
is probably due to partiaj deamidation of glutamine 76. 
Tryptic maps of calf H3.1 and H3.2 are identical but the 
thermolytic map of H3.2 shows a major spot in a region where 
H3.1 shows a cluster of faint spots. Anlaysis of the H3.2 spot 
revealed a peptide homologous with residues 92-99 of H3.1 
, e 
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except that ıt contained no cysteine and had one serine (serine, 
0.92; glutamic acid, 3.06; alanine, 2.11 į leucine, 0.93; tyrosine, 
0.97). Thus a serine-cysteine substitution exists at position 96, 
in agreement with the findings of Patthy and Smith??? and known 
to occur also in shark, carp and chicken'*—!*, From thermolytic 
digestion of the tryptic cores of calf and sheep H3.3 we have 
confirmed that it also contains the above serine—cysteine 
substitution. The remainder of the core peptides are homo- 
logous with the sequence of H3.1 except that we cannot find a 
peptide corresponding to residues 88-90 (Ala-Val-Met). 
Instead we recover a peptide with the composition: alanine, 
1.03; isoleucine, 0.90; glycine, 1.07. The most likely substitution 
pattern indicated by our data would be: isoleucine instead of 
valine 89 and glycine instead of methionine 90 The latter 
substitution is not conservative and occurs rarely!®. Pea H3, 
however, also contatns a ‘helix-breaker’ (serine) at position 90 
(ref. 17). The arrangement of amino acids in this region of 
H3.3 has to be confirmed by direct Sequence studies. 

Figure 2 summarises our findings for all the mammalian 
H2a, H2b and H3 variants which we have characterised so far. 
All tHe substitutions (except for position 16 in H2a) are located 
in hydrophobic regions where the ‘helix probabilty’!®~*? is 


16 51 
H 2a ; 
Variant 1 Thr Leu 
2 Ser Moet 
H 2b i T3476 
Variant 1 Gly Glu 
2 Ser Glu 
3 Giy Gin 
88_90 96 
H3 MM 
Varlant 1 Val Met Cys 
2 Val Met Ser 
3 (Ile Gly) Ser 


«Fig. 2 Substitution sites in the mammalian histone variants. The 
degre: of high helix probability® in different regions of the 
proteins are symbolically indicated by wavy lines 


sensitive to small changes in amino acid side chains All but 
one of the substitutions are conservative and result in small 
changes in the detergent affinity except for the cysteine—serine 
substitution in H3 which has a large effect on detergent affinity. 
This is consistent with the observed general correlation between 
detergent affinity and helix probability?:*4, since, although 
cysteine and serine are similar*in configuration, they belong to 
different categories of helix promoting ability’®, Our findings 
for the histone variants demonstrate the extreme sensitivity of 
our method to small differences in hydrophobic properties of 
proteins, which facilitates the separation of proteins differing 
in a single conservative amino acid substitution involving 
neutral amino acid residues. 

Except for H2b.2, which has only been found in the mouse?**, 
all variants have been found simultaneously ın all tissues of all 
mammals examined, although in different relative amounts?', 
The simultaneous presence of all variants in plasmacytomas 
and tissue culture lines derived from inbred mice, indicates that 
the genes for the different histones are non-allelic. Furthermore, 
all variants are synthesised simultaneously in HeLa cells* 
from mRNAs with slightly different properties**. In the sea 
urchin, different H2a and H2b variants are synthesised at 
different stages of embryonic development which suggests 
the existence of different histone operons*>**, 

These observations, together with the parallel conservation of 
the non-allelic histone variants throughout the evolution of at 
least the mammals, suggest that the histone variants have 
independent essential functions. The histone classes H2a, 
H2b, H3 and H4 interact by non-ionic forces to form highly 
ordered heteropolymers which constitute the central structural 
element of eukaryotic chromosomes**. The amino acid sub- 
stitutions distinguishing the histone variants are located in the 
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hydrophobic regions which are involved in these histone- 
histone interactions. It is therefore conceivable that chromo- 
somal fibres containing histone complexes composed of 
different histone variants differ significantly in their physical 
properties and that different histone variant populations are 
necessary for optimal function of specific regions of the genome 
in nuclei of cells with different metabolic patterns. 

This work was supported by the U.S. National! Institutes of 
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Formation of amino acids 
from elemental carbon by 
contact glow discharge electrolysis 


THE formation of amino acids in various inferred prebiotic 
conditions has been widely studied!:?. Recently we reported 
syntheses of amino acids from aliphatic carboxylic acids and 
ammonia?:*, and from aliphatic amines and formic acid*:5 by 
means of contact glow discharge electrolysis (CGDE)°. We 
describe here the formation of amino acids and urea from 
elemental carbon in the presence of aqueous ammonia by CGDE. 
By this reaction and the following process, the elemental carbon of 
the elctrode was converted into thesbio-organic compounds. 

The reaction tube used for CGDE was as illustrated in Fig. 1. 
The carbon rod (Irikawa, IBGC-55; diameter 5 mm; specific 
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Fig. 1 Reaction tube for CGDE, a, carbon anode; b, platinum 
cathode; c, thermometer; d, magnetic stirrer bar 
@ 

gravity 1.65, electrical resistance 250 Q) was used as the anode and 
platinum wire was used as the cathode. AIl glassware used was 
heated for 1h at 500°C’ before CGDE to ehminate possible 
contamination of amino acids’? Anhydrous ammonia was bub- 
bled into the twice-distilled water (about 10 miin the reaction tube 
and then CGDE avas performed for 35 min. The applied electric 
current was 60 mA at 600-1200 V. CGDE was conducted in 
conditions of ammonia gas saturation and the reaction tempera- 
ture was kept at about 30°C by cooling the reaction tube in a 
methanol—dry ice bath After the reaction was over, the solution 
was heated at 90 °C for 23 hina sealed tube and was evaporated to 
almost dryness undes reduced pressures The residue was hy- 
drolysed with 2 ml of distilled 6 N hydrochloric acid ın a sealed 
tube under reduced pressure After heating at 120-130 °C for 23 b, 
the sealed tubegvas opened and the mixture evaporated to dryness 
under reduced pressure The residue in the tube was diluted 
appropriately and was analysed by an amino acid analyser 
(Yanagimoto LC-—S5S). 

A typical result of the amino acid analysis 1s shown ın Fig. 2B. 
Several control experiments were carned out without applying 
CGDE, and only trace amounts of glycine were detected (Fig. 24). 
The weight loss of the carbon anode aster the CGDE reaction was 
5.6 mg. Thus the conversion of elemental carbon to organiccarbon 
was at least 0.2% (during CGDE a very small amount of carbon 





0.1 A 
i | 
æ N E E S S, E, 
pe L 
5 
Í B f 
< 0.1 s 

a bcde . fig | h 


ES) a een ee ATE! MER | 
9 60 130 


Retention time (min) 


Fig. 2 Amino acid analysis A Control experiment without CGDE A 
trace amount of glycine (~ 10-'° mol) was detected The peak is not 
visible in the chart A. B, Reaction conditions were’ electric current, 
60 mA, reaction time 35 min Gompounds fownd ın the reaction 
mixture werea, urea(6 1 x 1077 mol);5, asparticacid(1 x 107? mol), 
c,threonine(I x 107° mel),d,serine(8 x 107'° mol), e, glutamicacid 
(5 x 107?° mol), /, glycine (4 5 x 10-8 mol); g, alanine (1 x 10° mol); 
h, unknown peak Arrows indicate buffer change. 
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powder was found ın the reaction mixture, so 0.2% is the 
minimum). e 
To our knowledge, this reaction 1s the first example ın which 
amino acids and urea were obtained directly from elemental 
carbon These facts suggest a new possibility for the prebiotic 
synthesis of amino acids in prebiotic conditions on the pnmordial 
Earth. ° ° 
This work was supported by the Japanese Ministry of Educa- 
tion. 
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Enzyme hydration may explain o 
catalytic efficiency differences 
among lactate dehydrogenase homologues 


HoMOLOGOUS enzymes of species with different cell temperatures 
usually display temperature-adaptive differences in their cata- 
lytic properties! ~’. Thus enzymes of low cell temperature species 
characteristically gxhibit higher gpecific activities and lower 
activation free energies and enthalpies than,the homologous 
enzymes of high cell temperature species?~’. For lactate dehy- 
drogenase (LDH, E.C.1.1.1.27; lactate: NAD+ oxidoreductase), 
a single M, (muscle type) LDH molecule from a cold-water 
fish can catalyse the conversion of pyruvate to lactate three 
times as rapidly at 5°C as an M,-LDH from a mammal’. In 
this paper we present evidence that these temperature-com- 
pensating differences in catalytic efficiency may derive ın part 
from different amounts of exergonic hydration of the enzymes 
during the activation step in catalysis. Lowering the activation 
free energy (AGT) ‘barriers’ to enzymic reactions by way of the 
reversible hydration of amino acid side chains and/or polar 
peptide linkages permits the adjustment of catalytic efficiencies 
without necessitating the modification of amino acid sequences 
in the active sites of the enzymes. 

Attempts to explain mechanustically the differences in cata- 
lytic efficiency which exisf among homologous forms of the 
same enzyme must face the following paradox: even though 
different homologues vary significantly in catalytic efficiency, the 
amino acid sequences of their active (catalytic) sites are virtually 
identical§—°. Where aminoacid substitutions in active sites have 
occurred, they tend to be extremely conservative’. It therefore 
seemed reasonable to consider non-active site regions of the 
enzyfhe when attempting to explain the differences in catalytic 
efficiency among differently temperature-adapted LDH homo- 
logues, 

Recently a rate-enhancement mechanism which ts not based 
on active site conformations has’ been proposed, the ‘protein 
group transfer~hydration mechanism’. Rate enhancement by 
this mechanism results from the exergonic transfer of protein 
groups (amino acid side chains and peptide backbone linkages) 
between the hydrophobic interior of the enzyme and the 
enzyme—water interface during the activation step in catalysis. 
These exergonic transfers will lower the free energy of the 
activated complex, thereby enhancing its probability of forma- 
tion and accelerating the reaction rate. For example, the 
transfer of a peptide linkage from the interior of the enzyme, 
where it is relatively or fully dehydrated, to the enzyme—water 
interface, where a strongly exergonic hydration of the group 
will occur, can lower AG} by as much as 1,100 cal. mol 
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(ref. 11). Since changes in AGI of onfy 100-200 cal moi 
are adequate to approximately double the rate of a reaction?, 
even slight changes in the exposure’ (hydration) of protein 
groups could be sufficient to significantly modify the catalytic 
efficiency of an enzyme. Since conformational changes seem to 
have a generally important role in enzymic catalysis!?, numerous 
changes in protein group exposure to water will occur during the 
activation event Thus the protein group transfer—hydration 
mechanism of rate enhancement seems a generally accessible 
mechanism for rate enhancement of all types of enzymes. 

In the present study we have tried to determine if different 
amounts of exergonic hydration processes during the activation 
step occur in the LDHs of warm- and cold-blooded vertebrates. 
Three experimental tests, all of which are based on the energy 
and volume changes which accompany protein group transfer— 
hydration processes, were carried out. é 

First, the transfer of all types of protein groups from a 
relatively non-polar environment, $uch as the enzyme interior, 
to water occurs with a volume decrease arising from the dense 
organisation of water around the hydrated protein group™. 
Thus a rough estimate of the involvement of protein group 
transfer—hydration processes in catalysis can be obtained from 
the volume change which occurs during the activation event. 
The activation volume (AV f{) equals the difference in system 
(enzyme plus solvent) volume between the ground-state enzyme— 
substrate complex and the activated complex. The activation 
volume of a reaction can be determined by estimating the effect 
of hydrostatic pressure on the maximal velocity (Vmax) of the 
reaction". If the highly efficient LDHs of low cell temperature 
organisms become more hydrated during the activation step 


AV*(cm3 mol- 1) 





Velocity 


a ANE hte A E AS 
0 03 04 0.6 
KC! concentration (M) 


Fig. 1 a, Efféct of KCl concentration on AV t of the halibut (@) 
and turkey LDH reactions (O). b, Effect of KC! concentration 
on Vina, Of the hahbut LDH reaction. All assays were carried 
out using fully purfied LDHs (Dr Nathan O. Kaplan). The 
assay medium contained, in a total volume of 5.0 ml, 80 mM 
Tris-HCl buffer (9H7.5 at the assay temperature, 10°C), 
0025 mM NADH, varying concentrations of pyruvate and K 

and enzyme, which was added last to initiate the reaction The 
change in Ay, was followed with time. The high pressure assay 
system was as described by Low and Somero!!:!3, The inhibition 
data were obtained from assays run at | atm Th®oretical Vin, 
values were determined using several pyruvate concentrations; 
data were analysed using plots of |/velocity against !/pyruvate 
concentration. For determining activation volumes the reactions 
were run at 1,000 and 5,000 pounds per square inch (68 and 
340 atm, respectively). The l8garithm of Vina, for the different 
LDHs vared linearly with pressure over the pressure range of | 

to approximately 500 atm. 
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than the LDHs of birds and mammals, then a larger negative 
contribution to AV{ oil be found for the cold-adapted 
enzymes. ` 

A second experimental test of this hypothesis is provided by 
the fact that the free energy changes which accompany these 
transfer processes are strongly influenced by the salt composi- 
tion and concentration of the medium?®, Salt conditions which 
make these transfers less exergonic would be expected to have 
two measurable effects. First, the velocity of the reaction will be 
reduced since the transfer will be energetically less favourable. 
Second, by impeding the hydration of transferred protein 
groups, salts will increase AV}. Thus a comparative estimate of 
the parts played by protein group transfer—hydration processes 
can be obtained by measuring salt effects on Vma and AV. If 
these transfer processes are responsible for the higher specific 
actfvity of LDHs of low cell temperature species, then the salt 
sensitivities Of Vma and AY} should be greater for the cold- 
adapted enzymes. 

A third approach to analysing the parts played by these 
transfer-hydration processes in LDH homologues is based on 
the fact that these transfers occur with substantial enthalpy 
changes**1’. Also, as in the case of transfer free energies and 
volumes, transfer enthalpies will be affected by solute condi- 
tions!*. Thus, if protein group transfers contribute also to the 
low AH t values of enzymes of cold-adapted organisms, then the 
AH} values of cold-adapted LDHs should be more salt- 
sensitive than the values of avian and mammalian LDHs. 

The data presented in Figs 1 and 2 and in Table 1 support all 
of the predictions made above. Figure 1 illustrates the manner 
in which a weakly salting-out salt, KCI, affects the AVt and 
Vaas Of the LDH reactions. Increasing KCI! concentrations 
titrate both the rate and AV TI, with essentially complete titration 
occurring at KCI concentrations of approximately 0.2-0.4 M. 
The Fma: and AV{ values of the halibut reaction are signi- 
ficantly more sait-sensitive than the values for the turkey LDH 


reaction (Fig. 1, Table 1), the result predicted on the basis of a' 


greater degree of exergonic exposure and hydration of protein 
groups during the activation step in the halibut LDH reaction. 

Table 1 lists the effects of 0.6 M KCI on Vmax and AVt for 
LDH geactions of several warm- and cold-blooded species. The 
highly efficient teleost fish LDHs are significantly more inhi- 
bited than the other LDHs, and the salt-induced increase in 
AV tf is also largest for the teleost enzymes. The shark LDH is 
intermediate in salt sengitivity between the teleost and avian- 
mammalian enzymes. Elasmobranch LDHs are also inter- 
mediate between teleost and ,avian-mammalian LDHs in 
catalytic efficiency’. 

Figure 2 illustrates the effects of 0.6 M KCI on the AHt 
values of the halibut and turkey LDH reactions. KCI has 
virtually no effect on the AHt of the turkey LDH reaction. 
AH t values of 10,600 and 10,200 cal mol 7! were observed in the 
absence and presence, respectively, of KCl. For the halibut 
reaction, addition of 0.6 M KCI to the assay medium 
increased AHt from 7,520 cal mol- to 9,260 cal 
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mol™. Only approximatgly 2 cal mol~! of this increase are due 
to changes in pressure-volume work (AHt = AEt+PAVT) 
arising from the salt-indced increase in AV} (Table 1, Fig. 1). 
The Arrhenius plot for the halibut LDHereaction in the presence 
of 0.6 M KCI displays a ‘break’ near 25 °C. This discontinuity 


in slope may be the result of a salt-induced change in enzyme 


structure at higher temperatures. 

The finding that the size of AV f at 0.6 M KC! is greatest fr ` 
the teleost LDHs (Table 1) may be of importance m unde: 
standing the structural differences which exist among the 
LDHs. The AV} observed at KC! concentrations between 
approximately 0.2 and 1.0 M may be a rough measure of the 
change in protein void volume which arises from alterations in 
the packing efficiency of amino acid residues during the activa- 
tion event??. That is, this KCl-insensitive component of AV t is 
a ‘structural’ activation volume as distinct from the ‘hydration 
density’ component of AV}, which 1s due to water organisation 
around transferred protein groups and whichis titrated by low 
KC! concentrations!®. Within this conceptual framework the 
larger AV at high salt concentration found for the*teleost 





30 25 20 15 10 
Temperature (°C) 
Fig. 2 Arrhenius plots showing the effect of 0.6 M KCI on the 
activation enthalpy value of the halibut (triangles) and turkey LDH 
reactions (circles). Assay conditions were as given in Fig. 1. 
Theoretical Vax values were determined using several con- 
centrations of pyruvate. A, zero KCl; A, 0.6M KCI; @, zero 
KCl; O, 0.6 M KCl. 


LDHs is interpreted as being due to a greater degree of enzyme 
unfolding during catalysis. This increased expansion of enzyme 
structure during catalysis by the teleost LDHs may be possible 
because of the smaller amounts of secondary structure in these 
enzymes relative to the LDHs of birds, mammals and elasmo- 
branchs?®, Thus, the more flexible LDHs of cold-adapted species 
may be capable of more fully unfolding their conformations to 
expose protein groups during catagysis. This interpretation is 
consistent with the finding that the thermal stabilities of 
enzymes are frequently inversely proportional to their catalytic 
efficiencies***, 

In summary, the apparent necessity for maintaining the same 
amino acid sequences in both the binding and catalytic loop 


Table 1 Effects of 0.6 M KCI dn AV jf and Fmax for LDHs from warm- and cold-blooded organisms 


Species AV ft, no KCI* 
Rabbit 9,9+0.7 53 
Turkey 10.0+1.4 (6) 
Shark 7.8+1.3 (71) 
(Carcharodon carcharias) 
una 9.4+1.5 (9) 
Thunnus thynnus) 
alibut , 8.5+0.9 (4) 
(Hippoglossus stenolepis) 
Haddock 8.4+1.4 (5) 


(Melanogrammus aeglefinus) 


AV t, 0.6 M KCI* 000-0* % Inhibition 
12.3 +0.5 (3) , 2.4 il 
12.9+1.4 (6) 2:9 e5 
14.2 +1.3 (6) 6.4 9 
19.6+0 8 (9) 10.2 17 
16.0+1.4 (11) 7.5 29 
17.242.3 (3) 8.8 20 


SN a a ee 
*Unit: cm? mol". Mean +1 s.d. (Sample size) for columns headed no KCI and 0.6 M KCI. 


tInhibition of Vion due to addition of 0.6 M KCI to the assay medium. Theoretical Vmax values were determmed using several pyruvate 
concentrations; data were analysed using plots of 1/velocity against 1/pyruvate RENO: Theoretical Vmax Values were used because KCl 


inhibited the reaction competitively as well as non-competitively. 
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regions of all homologues of M,-LDH{ (ref. 8) does not hinder 
the functional adaptation of each LDH to the temperature 
conditions it experiences. For the LDHs of low cell tempera- 
ture species, which must functton at low. and, in many cases, 
highly variable temperatures, adaptive reductions in AGT and 
AHt seem to have begn achieved by means of increased 
exergonic exposures of hydrophilic protein groups during the 
activation step in catalysis. Thus, a higher catalytic efficiency 
(lower AGY) and a reduced temperature dependency (lower 
AH) can both be achieved by evolutionary changes in enzyme 
structure at regions remote from the active site. 


GEORGE N. SOMERO 
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Calculated forbidden band gap : 
in periodic protein models 
indicating them to be msulators 


Tue idea of electron and hole transport between distant 
sites in biological macromolecules, especially in fibrous 
proteins’ prompted quantum chemists to calculate the for- 
bidden energy band gap in simple periodic protein 
models’, Conductivity measurements of several proteins 
under various conditions indicated a band gap or activa- 
tion energy (E in the expression for the conductivity 
o=ov,exp(~E/2kT) as function of the temperature T) of 
the order of 3eV (refs 8, 9), a value in agreement with 
the only theoretical energy band gap available at that time 
(ref. 2). Therefore, the intrinsic mechanism of*semiconduc- 
tion along hydrogen bridges seemed to be well established 
in 1960. Later, however, both experimentally!" and 
theoretically the question arose whether the conduction 
mechanism 1s really intrinsic. The more. refined all-valence- 
electron quantum chemical calculations’ indicated larger 
gaps (values in the range 6 1~16.7 eV were reported) than 
obtained ın experiments. Most interestingly the calculation 
of Morokuma’ at complete-neglect-of-differential-overlap 
level showed that in a polyglycine chain the bandgap was 
not too sensitive to the changes of the chain’s conforma- 
tion: in conformers with appreciable H-bonding the gap 
found was slightly farger than Mm the B-sheet conformation 
This latter finding pomted out the vegy small influence of 
H-bonds on the forbidden gap of periodic protein models. 


These semi-empirical calculation methods were designed ° 
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for molecular punposes and there is still little known of 
their applicability to the calculation of the gap in crystals 
and polymers. Thus we describe here use of the more 
reliable non-empirical (‘ab initio’) crystal orbital method™ 
to calculate the band gap in a most simple polypeptide 
model £-polyglycine. 

We used an STO-3G atomic orbital basis set, 
evaluafion of all integrals”, as usual in molecular ab initio 
calculations, we performed a self-consistent-field calcula- 
tion using a first neighbours interaction approximation. 
This highly sophisticated calculation resulted in a gap of 
19.23 eV, the largest value obtained so far. Although 
larger numbers of included neighbours, basis set enlarge- 
ment and correlation corrections may reduce this value 
by several eV, ıt seems impossible to reduce this value to 
the vicinity of the experimental gap. We-may conclude there- 
fore, that the intrinsic mechanism in a periodic protein 
model can be ruled out. Absolutely pure periodic proteins 
are thus good insulators. This conclusion will probably 
remain valid even in presence of orientational randomness 
of the cofstituent umits. A set of aperiodic side chains, 
however, may serve as impurity centres, which support 
extrinsic type conduction. 

The lowest energy optical transition of the electron 
system corresponds to the formation of excitons within 
the forbidden gap rather than to free electrons and holes. 
The order of magnitude of the energy of these excitons 
is expected to be 6-8 eV on the basis of the first electronic 
transition energies of small peptides’. Although this value 
is much larger than the experimental E it is necesarily 
smaller than the theoretical band-to-band gap found in our 
calculation. 

Some technical details, which are of interest T specialists 
only, will be given elsewhere. 


After 


; M. KERTESZ 
Centrakb Research Institute for Chemistry, 
IXS Budapest, Pf. 17, Hungary 
J. KOLLER 
A. AZMAN 
Chemical Institute B. Kidric, : 


6/001 Ljubljana, Pp 380, Yugoslavia 


Received 7 December 1976, accepted 19 January 1977 


i Szent-Gyorgyi, 2 Nature 148, 157-159 (1941), BStogenergetics 
New York, I 

2 Evans, M. G. x ergely, J. Biochim biophys Acta 4, 188-194 (1949) 

3 Suard, M , Berther, G & Pullman, B, Btochun. brophys Acta §2, 254~265 (1261); 

4 Yomosa, , Miyata, T. & Suzuki, H J. phys Soc Japan 24, 878-884 (1969). ' 

5 Morokuma, K Chem Phys Lett. 9, 129--131 (1971) 

č Bevendge, D L., Jino, l & Ladik, J Jf Chem Phys 56, 4744-475] (1972 

7 Suhar, unpublished, cited in Theoret, Chun Acta (Berlin) 34, Tae (1974) 

8 Cardew, M H Eley, D D Otncusys Faraday Soc. 27, 115—131 (1959) 

9 Eley, D, D ESN, D I Trans Faraday Soc 56, 1432-1442 (1960) i 

10 Rosenberg, B J chem Phys 36, 816-823 (1962). 

11 Rosenberg, B & Postow, E Ann N Y. Acad Scr 158, 161—190 (1969) 

12 Miyoshi, & Saito, N I phys Soc Japan 24, 1007--1019 (1968) 

13 Henriksen, T, Sanner, T ihi, A Radiat Res, 18, 163—176 (1963) 

i4 Bloor, D Chem Phys Lett 49, 323-325 (1976) 

13 Dei Re, G , Ladtk,!J & Biczó, G Phys Rev, 155, 997-1003 (1967) 

16 Hehre, W T, Stewart, RF & Pople, J A, J. chem Phys. 51, 2657-2664 (1969). 

17 Kertesz, M Acta Phys Hung 41 (1977) 

18 Ham,J S & Platt,J R J chem Phys. 20, 335-336 (1952). 

19 Duke, B J, Eilers, J E & O'Leary, B Chem Phys Lett 32, 602-606 (1975). 


(Academie, 





Errata 


The caption for the cover picture for Nature, vol. 264, no. 
5583 should have read: Microtubules polymerised in vitro 
and stained with the PAP-procedure with omission of the 
anti-tubulin antibody solution. 

In the Statement published in Nature, vol 265, p 764, the 
first line of the last paragraph of the Ħletter from 
B Hamprecht should have read ‘The data on cyclic GMP 
were’ 

In the article ‘Low temperature specific heat of glasses 
and amorphous solids’ by P  Couchman, C L. Reynolds, 
Jr, & R.M J Cotterill, Nature, 264, 534 (1976), the units 
for G in paragraph three are dyncm™, not dyncm™ 
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matters arising . 





Estimation of heritability 
from [Q data on twins 


IN a recent paper! a nationally represen- 
tative sample of twins born in one week 
of March 1958 was investigated to esti- 
mate kinship correlations in mental test 
performance for monozygotic and dizy- 
.gotic twins. The authors concluded that 
their study offered “supportive evidence 
for zero or low upper limit heritabilities 


of mental test performance”. We have: 


received several critiques of the paper 
which we publish below, together with a 
response from the authors. 


ADAMS et al.) have used a method? of 
estimating heritability, that is not reliable. 
The formula A? = (ruz—lpz)/(1 — Poo) was 
stated by Jensen*?, without any theo- 
retical justification, to measure herita- 
bility. In this formula ryz and 
roz are the phenotypic correlations 
between monozygotic and dizygotic 
twins, respectively, and can be observed 
directly, but Poo, the genetic correlation 
between sibs, cannot be observed. It can 
be obtained from their phenotypic cor- 
relatian if heritability is known, which, 
of course, it is not. 

To overcome this difficulty, Jensen? 
suggests that the formula Poo = (1+ Ppp)/ 
(2+ Ppp), Where ppp is tHe genetic correla- 
tion between mates should be used to find 
Doo. He gives Li? chapter 13,as reference for 
this formula. However, it does not appear 
there, and Professor Li informs me (per- 
sonal communication) that he had never 
seen it before I brought it to his notice. 
This formula seems to have no theoretical 
justification. Moreover, it does not resolve 
the problem of finding genetic correlation. 
We now require the genetic correlation 
between mates which can be obtained 
from their phenotypic correlation if 
heritability is known. Thus, to use Jensen’s 
formula for finding heritability of a 
trait, an estimate of that heritability is 
required. 

Jensen* resolves the dilemma by assum- 
ing that the genetic correlation between 
mates is 0.25, without telling his readers 
how this figure is obtained from their 
phenotypic correlation of 0.6 (ref. 4). 
The value of ppz, actually pos, which 
Adams et al. use is based on this assumed 
genetic correlation. The value of 0.8 for 
the broad heritability of IQ which is often 
quoted by Jensen and others is also based 
on this value. It is difficult to find a 
scientific justification for the method or 


to have any faith in estimates of herit- 
ability based on it. 

ATAM VETTA 
Oxford Polytechnic, 
Oxford, UK 
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THE report by Adams èt al.’ is non- 
contributory to the estimate of heri- 


tab#ity of mental test performance for, 


three reasons: 

(1) No adequate information is given 
on the zygosity of the twin pairs. With 
a small sample (<100 like sex pairs) 
there would have been little difficulty 
in testing the twins for genetic markers 
such as blood groups, or at least having 
the twins examined by an experienced 
human ‘geneticist, with special tests on 
those difficult to assign. It is true that 
a competent questionnaire to the 
parents will enable the correct type of 
twinning to be established in some 90% 
of cases. But merely to ask the parents 
their opinion is unreliable. Pagents 
tend to be influenced by what they are 
told in the neonatal period by the mid- 
wife or obstetrician who usually 
erroneously assume that dichorionic 
twins must be DZ. Any errors in the 
assignment of the type of twinning will 
lead to an underestimate of heritability 
by the twin comparison method. 

(2) An estimate of heritability based 
on the difference between the intra- 
class correlations of MZ and DZ twins 
is confounded by any substantial degree 
of assortative mating of the parents for 
the character in question. Insofar as 
any parental resemblance is genetic’this 
wil? raise the DZ correlation, but not 
the MZ correlation, and so lower the 
estimate of heritability below the true 
value. Assortative mating for intelli- 
gence test score in most surveys is 
high, about 0.5. Adams et al. claim 
that the effect of such assortative 
mating on the estimates of heritability 
is likely to be small. This is not cor- 
rect. For example, on the simple 
model of purely additive inheritance, 
with 100% heritability of intelligence 
test score, and 0.5 genetic parental 
correlation, the expected genetic DZ 
correlation is not 0.5 buf 0.75. To 


assume the value of 0.5 would give an 
F of only 50% and not 100%. Jensen’s 
quoted estimate of an expected DZ 
correlation of 0.55 seems implausibly 
low. It is the difficulty of estimating 
the expected genetic DZ correlation 
that make twin comparisons an un- 
satisfactory method of estimating heri- 
tability for any character forewhich 
there is substantial assortive mating. 
(3) Estimates of h? from twin correla- 
tions based on only 140 pairs have a 
large sampling error. 

C. O. CARTER 


MRC Clinical Genetics Unit, 
Institute of Child Health, 

30 Guildford Street, 

London, UK 


1 Adams, B, Ghodsian, M, & Richardson, K. 
Nature 263, 314-316 (1976). 


ADAMS et al. estimate? of an upper 
limit of 0.373 is based on a sample con- 
sisting of 41 MZ and 95 DZ twin pairs. 


„This estimate is, subject to sampling 


error, and if one calculates a 95% con- 
fidence interval for the population 
value of the heritability one obtains an 
interval ranging from about zero to 
over 0.6. An exact interval is difficult 
to establish, but using an estimated s.e. 
of about 0.2, the value of 0.6 can be 
regarded as a conservative upper limit. 

Thus, while the data the authors pre- 
sent are an yiteresting contribution to 
this subject and do not seem to support 
a heritability value as high as 0.8, the 
assertion of a ‘low’ upper limit is not 
really justified. 

HARVEY GOLDSTEIN 


National Children’s Bureau, ° 
8 Wakley Street, 
London, UK 


1 Anim R., Ghodsian, M. & Richardson, K, Nature 
263, 314-316 (1976). 


Ir is perhaps surprising that the 
authors of a study’ comparing ‘mental 
abilities’ in MZ and DZ twins should 
place such reHance on tests which are 
not validated, and were administered 
in a group sittation, where contamina- 
tion effects are difficult to control. If, 
as is probable, pairs of same-sexed 
twins sit next to one another m a 
classroom during the test, it is perhaps 


280 


quite likely that they will achjeve - 


similar results. 

An important but neglected study* of 
twins by Claridge ef al.’ seems to have 
avoided at least some of the methodo- 
logical difficulties which faced the 
National Children’s Bureau study. 
Claridge’s study compared 44 MZ and 
51 DZ twin pairs, aged 16-55, residene 
in Glasgow. Zygosity was established 
through comparative blood grouping. 
Among the battery‘of tests completed 
by the subjects were the Progressive 
Matrices and the Mill Hill vocabulary 
test, well-established and _ validated 
measures of mental ability, individually 
administered. 

The intraclass correlations for MZ 
pairs on the Progessive Matrices was 
0.68, 4nd for the DZ pais rt was 0 46. 
On the Mull Hill vocabulary test, the 
intraclass correlation in MZ pairs was 
0.85, compared with 0.68 in the DZ 
pairs. For both tests, the intraclass cor- 
relation was signrficantly higher in MZ 
pairs. Although the authors do not 
discuss the implications which these 
results have for models of the inherit- 
ance of ‘intelligence’, it is clear that 
these results imply that at least some 
of the variance in mental abilities in 
this adult ScottisA sample is due to 
inheritance. 

C. R. BAGLEY 
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2 Clandge, G, Canter, S & Hume, W Personality 
Differences and Biological Vattanwis A Study of 
Twins (Pergamon, Oxford, 1973) 


THE report by Adams et al’ of 
correlations between mental test scores 
of MZ and DZ twins raises questions 
about the variance of obt&ined correla- 
tions in twin studies which were not 
discussed by the authors. Instead, they 
used their data to suggest the dismissal 
of previous estimates of heritability; 
but if the figures are considered in 
relation to other findings more complex 
issues emerge. These are the questions 
of how the various samplings stand as 
bases for estimating the same popula- 
tion parameter, and of what, other 
features of the testing and sampling 
(apart from the well known difficulties 
of mental testing and the identification 
of twin types) may contribute to the 
variance of sample correlations 

The picture of twin study findings is 
represented in Table !, where Adams’ 
figures are compared with correspond- 
ing results from an_earlief well-founded 
report’, and with others from the 
review by Erlenmeyer-Kimling and 
Jarvik’ which gave figures from 34 
studies concerned with twinse The 
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Table 1 Correlation coefficients ın the mental testing of twins 





MZ 


? N ; 


Adams et al. "0.762 4l 
(non-verbal group . 
test, 1969) l 

Newman et al 0.992 50 — 
(group test, 1937) 

Erlenmeyer- 1082 

fin l4 l 
studies) 


Source 


Kımling et a/ 
‘(median values of 

34 studies, 1963) 
Erlenmeyer- 

Kimiing et al. 

(1963) upper limit 
Erlenmeyer- 0.76 

Kumling et al. 

(1963) low lmit 


Q 92 


0.45 


Same sex 
'N 


0.604 . 


Twin type (all reared potas 


All 
r N 


0.594 95 


Opp. sex 
j N 


55 0.487. + 40 


0.621 5I 


0.53 2052 
(in 20 
studies) 


li 0.53 9 œ 
studies e studies 


0.87 


0.37 





Adams figure for MZ twins heg at the 
lower Jimit of previous studies, while 
the figure for DZ twins lies in the upper 
part of the range Thus that particular 
sampling must®yield one of the smallest, 
if not the smallest, difference between 
such correlations in the whole series of 


* studies. Table 2 shows the statistical 


for their study is likely to be either a 
rather extreme sampling or evidence 
of a change in a population character- 
istic. Rather than discussing the im- 
plications for estimates of heritability 
it ıs important therefore to consider 
the possibility of change in the popula- 
tion correlation figure for MZ twins. 





Table 2 Differences between correlations for MZ and DZ twins 


Source Erlenmeyer- 
Adams Newman , Kimling 
Statistic ' 
MZ DZ MZ DZ MZ DZ 
- 0.762 0.594 0.922 0.621 0.87 0.53 
Fisher z difference . ‘| 000—0.683 . 1.605-0.727 1.333-0.590 
o difference sis los 0.205 0.037 
Rauo 1.642 4,283 20.081 
Significance level Not sig. 0.0] ! 0.0] 





significance of the differences. While 
the Newman figures are not exceptional 
in this respect, the Adams figures 
clearly are. | nee 

In Table 3, figures are compared 
across the ‘studies for both kinds of 
twins, For DZ twins none of the differ- 
ences are statistically sigmficant, even 


Since available twin studies sban a 
considerable time, during which advice 
has been given to parents to treat 
identical twins as individual persons, 
this may have had the effect of increas- 
ing the within-pair variance. More 
gamplingtis necessary to test the present 
position further, as is a thorough 


Table 3 Differences between coiresponding correlations in different studies 


Difference 
Newman-Adams Newman- Erlenmeyer- 
_ statistic Erlenmeyer- Kimling~Adams 
m ' Kimling 
| MZ DZ MZ DZ MZ DZ 
Fisher z difference 0 605 0 044. 0.272 0.137 0.333 0.093 
o, difference ` 0.218 0178 0 149 0.146 0.165 0.107 
Ratio 2775 . 0.247 1'825 0 938 2018 0 869 
Significance level 0.01 Not sig. Notsig' Notsig .005 Not sig. 


at the 0 05 level, and the samples could 
be treated as coming from ‘the same 
population of such twins; but for the 
MZs the pattern ıs such that, whereas 
the’ Newman ‘and Erlenmeyer-Kimling 
samples could be treated as bases for 
the estimation of the same population 
correlation, it 1s doubtful whether the 
Adams sample can be so regarded 
This being so, it seems that Adams 
and his colleagues may have been hasty 
in offering their findings simply as 
evidence fox a low heritability estimate, 


analysis of data to test the hypothesis 
of a trend over time. 
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ADAMS et al, reply—None of the above 
criticisms substantially *alters our con- 
clusions, though some underline the 
caution appropriate in certain pldces. 

Dr Vetta has to be thanked for 
showing that assumptions made by 
Jensen in deriving a formula for herita- 
bility estimation are without theoretical 
justification. It follows that the formula 
ought not to be perpetuated. As regards 
the implications ‘of this for our own 
report we should like to’make three 
points: (1) We calculated heritability 
both with and without Jensen’s false 
assumptions; (2) the calculation itseif 
(we made a point of saying) was the 
demonstration of an erroreous estima- 
tion by incorporation of ‘treatment 
effects’; (3) our main conclusion was 
based on the comparison of raw 
correlations. 

Carter underestimates the generally 
accepted level of accuracy of zygosity 
determination in twins by impression- 
istic methods. Such methods are 
routinely adopted, especially under 
difficult conditions such as the geo- 
graphic dispersal of subjects. Vanden- 
burg’ has claimed in a review of the 
approach, that “it has been shown 
repeatedly that for large-scale twin 
studies a few questions about the 
frequency with which close friends or 
relatives mistake one twin for the other 
will provide a sufficiently accurate 
diagnosis within the limits of the 
accuracy of the variable under study 
whether it be a mental test score or a 
physical illness”. Cederlof et al.’, found 
98% agreement with blood-typing for 
responses on one of their items on a 
mailed questionnaire. 

Carter claims, however, that merely 
asking mothers is too unreliable be- 
cause they may have been confused by 
neonatal misinformation. This $ quite 
plausible, but we need evidence about 
the extent of confusion, especially many 
years after the births. Cohen et al.” 
_ mailed a questionnaire to 35 mothers 
` of twins in their Louisville twin study. 
They asked them (among other things) 
whether the twins were identical or 
fraternal, and twins were subsequently 
blood-typed. In only two cases did 
definite misclassification occur through 
neonatal misinformation, and there 
were no other misclassifications. Hence 
their assertion that (apart from the 
above) “‘we did not find any mother 
who seriously believed that her MZ 
pair was DZ, nor any mother of DZ 
twins who believed that her twin pair 
was MZ”. Their general conclusion 
that “parental perceptions of 
identical and fraternal twins were ex- 
tremely different”. The correlations for 
height at 7 yr in our sample (hetght 
being a trait of indisputably , high 
heritability) were: MZ=0.926; DZu= 
0.546. We thus do not believe our twin 
classification was too unreliable though, 


naturally, caution would not be un- 
warranted. 

Carter illustrates how non-correction 
for assortative mating could under- 
estimate A’. The illustration depends, 
however, on the priðr assumptions of 
high A” and high genetic correlation 
of mates. Both assumptions become less 
tenable as MZ and DZ correlations 
approach identity, as is the case in our 
sample. He does not explain, moreover, 
why Jensen‘ estimate of pDZ=0.55 
“seems implausibly low”. The simple 
fact 1s that values higher than that 
applied to previous twin correlations 
yielded impossible h? values >1.00. 
Both forms of special pleading (high 
Ars implying low pDZ; low Ars imply- 
ing high pDZ) necessary to preserve 
h’?’=0 8 indeed suggests a limitation of 
the method, but this does not diminish 
the finding of insignificant Ars as an 
empirical contribution. Our sample size 
was comparable with (if not larger 
than) previous studies; bigger ones are 
unlikely to be forthcoming without 
transgressing very stringent sampling 
conditions, satisfying which was our 
study’s main strength. 

Harvey Goldstein quotes our con- 
clusion, based on comparison of MZ 
and DZ. correlations, and then claims 
that our “heritability estimate of 
0.373” is consistent with an upper con- 
fidence limit of 0.6. It should be clear 
from our,paper, however, that that 
estimate is based on MZ and DZ, 
correlations, for non-verbal correla- 
tions only, calculated purely to illus- 
trate the inflating consequences of 
introducing ‘treatment effects’. It woyld 
be quite indiscriminate to transpose 
that h’ value and its ‘guesstimated’ con- 
fidence limit to MZ-DZ, differences 
which (1) are not significantly different, 
(2) are quite different as regards verbal 
and non-verbal measures, and (3) prob- 
ably themselves contain treatment 
effects. Our conclusion of “supportive 
evidence for zero or low heritabilities”’ 
seems tO us a more circumspect one. 

Bagley seems vague about test 
validity. The test we used has received 
some validation and a reference was 
given. It has been administered to two 
very large nationally representative 
samples of il-yr olds so that excellent 
information is available about its dis- 
tributional properties and correlations 
with other measures, teachers’ impres- 
sions and so on. It should be pointed 
out that there is no universally valid- 
ated and standardised intelligence test 
in this country, which explains the 
interest in the long-gestating British 
Intelligence Scale. As well as face- 
validity, ultimate validation is always 
by school attainments/teachers’ per- 
ceptions; the items in our test con- 
formed closely to the half dozen or so 
types used in conventional intelligence 
tests’. Bagley is quite wrong f uphold 
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the *Claridge et al. study as a model. 
Fos example, vocabulary test is not a 
usually accepted ,intelligence test and 
the Progressive Matrices has been far 
from satisfactorily validated and is also 
a group test. Moreover, it is a test for 
subjects of ‘11 years plus’, whose use 
Qn very much older people for thé pur- 
pose in mind is dubious. It is the 
problem of testing such a wide age- 
range of twins (16-55 yr) especially if 
the ranges for MZ and DZ twins are 
quite different, that has flawed previous 
studies and makes ours (of uniform 
age) unique. Furthermore, the smal 
number of DZ pairs in the Claridge et 
al. study did not allow separation of 
opposite-sex and same-sex twins so that 
their (significant) correlation diffemences 
could quite easily be explained by the 
sort of ‘treatment effects’ which our 
own study suggests. Finally, the con- 
tamination effects of which Bagley 
speaks, relating to same-sex twins, are 
as applicable to MZ as to DZ twins, 


«making separation of DZ and DZos 


correlations all the more desirable. 
Francis is wrong to think that we 

used*our data primarily to suggest the 
dismissal of previous estimates of 
heritability. It is the gloubts about the 
empirical sufficiency of previous esti- 
mates which have suggested their dis- 
missal. Accordingly, it seems quite 
wrong to treat our findings as co- 
extensive with previous ones as if they 
were of equal empirical sufficiency. 
Again the Newman, Freeman and 
Holzinger study sample twins of a very 
wide range of ages and their small 
numbers of pairs did not allow separa- 
tion of the DZ. and DZ, pairs. Simi- 
larly, the well known Erlenmeyer- 
Kimling and Jarvik study includes 
studies of widely different measures, 
many with very small samples, wide age 
ranges, etc. Thus we dispute Francis’s 
inference that, our results, from a 
nationally representative group of the 
same age, can be explained away by 
‘extreme sampling’; indeed, speculation 
of that sort seems a point):  -xercise. 
Of course a changing ‘population 
characteristic’, and a ‘labile heritability’, 
is a possibility, but debatable only with 
comparable studies; the studies of 
Cohen er al.’ and several others, more- 
over, suggest that identical twins are 
still treafed much more similarly than 
are fraternal twins. 

B ADAMS” 
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K. RICHARDSON 


National Children’s Bureau, 
8 Wakley Street, 
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Mechanism of 8 
stomatal movement... 


ACCORDING to Bowling’s malate-switch 
hypothesis! of stomatal action, the pH 
changes in the guard cell create a gradient 
of monovalent malate towards either 
guard cells or epidermal cells causing & 
diffusion of K* (bound to monovalent 
malate) along with the gradient. His 
theory is based on (1) changes in pH of 
guard cells during opening or closure, (2) 
balancing of K+ by the amounts of malate 
and chloride présent in epidermal tissue, 
and (3) no change in the net amounts of 
K+, Cl~ or malate in epidermal tissue. 

Changes in the pH of guard cells do 
occur?**, however. Malate and Cl-, 
together, can balance K+ present in guard 
cells‘-*. There is also no net change in Kt 
of epidermal tissue’. The replaceability of 
Kt by Nat for stomatal opening de- 
monstrated that a monovalent ion 1s 
necessary to increase the turgor pressure 
of guard cells but not necessarily K+ 
(refs 8-10). 

We cannot reconcile these data on 
malate with the proposals of Bowling’. 
The epidermal tissues produce appreci- 
able quantities of malate and the changes 
in malate levels ar@ closely and pesitively 
correlated with the stomatal aperture®*?!, 
Further, the epidermal tissues contain 
highly active enzymes not only for malate 
synthesis but also for malate degrada- 
tiont®*!, The above data, together with 
the autoradiographic studies indicate that 
malate production and metabolism could 
occur in guard cells*!-18, The general 
understanding is that guard cells can 
derive malate through phosphoenolpyru- 


vate carboxylation and may exchange ` 


those acid ions for K+. The stimulation of 
stomatal opening by phosphoenolpyru- 
vate?? supports this assumption. 

In fact, no anion is required for K+ 
uptake by guard cells since the guard cell 
can itself release H+ ions. We therefore 
feel that, in addition to malate, photo- 
synthetic and/or respiratory electron 
transport-mediated H*/OH™ efflux could 
cause a change in the pH and provide the 
necessary H+ ions for exchange with K+. 
We have presented evidence for such light- 
induced efflux in guard cells!®. An active 
uptake of K+ 1s likely because the stomatal 
response to even CO, free air is sensitive 
to metabolic inhibitors’®. Abscisic acid 
also interferes with energy metabolism in 
guard cells!’-48, Active K+ transport is, 
however, not ruled out by Bowling?. 


V.S. R. Das* 

I. M. Rao 
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Sri Venkateswara University, 
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BOWLING REPLIES—In developing the 
malate-switch hypothesis I considered the 
evidence for a connection between overall] 
malate levels and stomatal aperture 
quoted by Das, Rao and Raghavendra!. Į 
do not think, however, that the evidence 
is as strong as they imply. For example, 
Pearson and Milthorpe* showed that with 


Matters Arising 


Matters Arising is meant as a 
vehicle for comment and discussion 









about papers that appear in 
Nature The originator of a 
Matters Arising contribution 






should initially send his manuscript 
to the author of the original paper 
and both parties should, wherever 
possible, agree on what is to be 
submitted. Neither contribution 
nor reply (if one is necessary) 
should be longer than 300 words 
and the briefest of replies, to the 
effect that a point is taken, should 
be considered. 













a malate concentration of 5 pg mg the 
stomatal aperture ranges from 4 to 24 um. 
Allaway? qualifies his conclusions by 
stating that his results were obtained after 
3-h treatments in light or dark, and 
questions whether the malate—aperture 
correlation exists in other conditions. 
Willmer and Dittrich‘ found no difference 
in the rate of incorporation of “C into 
malate in the light or the dark by Com- 
melina diffusa. They point out that 
changes ingstomatai aperture seem to be 
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much more rapid than do changes in 
overall levels ofeorganic acids and other 
metabolic products 

I put forward the malate-switch hypo- 
thesis after realising that there is a trans- 
port dimension as well as a metabolic 
dimension to stomatal functioning. A 
hypothesis which assumes that stomata 
open as a result of synthesis of malate in 
the guard cells and subsequent exchange 
of H* tons with K+ has also to explain 
how K+ moves to the guard cell from three 
cells away as it does in Commelina 
communis. An accompanying anion 1s 
surely required and on present knowledge 
this would seem to be malate. 
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Scrotal asymmetry 


For the record, I report that since 
reading Morgah and Corballis' on the 
subject of scrotal asymmetry and 
Rodin’sedyslexia, I have made regular 
observations of the asymmetry in one 
person who is right handed, has not got 
situs inversus totalis (or even partialis), 
has never had surgical procedures on 
the abdomen, and has no neurological, 
endocrinological or psychological dis- 
order, except a certain impatience with 
pretentious nonsense. My findings are 
that if the subject of my ivestigation 
had been the model for Rodin’s 
L’Age d’Airan, Rodin would have been 
correct in assigning a lower position to 
the right testis compared with the left. 
I am not dyslexic. 


J. E. Gray 


Department of Anatomy, 
University Medical School, 
Newcastle upon Tyne, UK 
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ISBN 0-7204-0601-3. 

Recent research has shown that, apart from 
their vital ole in haemostasis and throm- 
bosis, blood platelets are convenient mo- 
dels for investigating numerous cellular 
reactions and as such contribute to a variety 
of pathophysiological processes. The pur- 
pose of this book is to acquaint physio- 
logists and pathologists with the diversity 
of biological processes involving platelets 
and to bring platelet biology to the attention 
of biochemists, cell biologists and pharma- 
cologists, who may find platelets a valuable 
adjunct to (or even substitute for) more 
complex or less accessible cells in their 
research. Therefore while investigations of 
haemostasis and thrombosis are included, 
emphasis is placed on the potential roles 
of platelets in other biological processes, 
such as atherogenesis and inflammation. 


a 


Some of the most stimulating contributions 
are the reviews of current work on platelet 
membrane receptors for specific agents, 
and on the mechafiisms regulating the 
responses of the cell. 


J. T. Dingle, from the Preface to the Series. 
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Reasons for the continuing expansion of 
our knowledge of proteinases are not diffi- 
cult to understand. Evidence that protein 
catabolism must be quantitatively an im- 
portant process in! normal physiology 
comes with the realization that the amount 
of protein broken down to animo acids is 
well in excess of that digested in the ali- 
mentary tract during the same period. This 
degradative activity is very precisely con- 
trolled in the healthy state, but there are 
many diseases in which tissue damage 
seems to arise from Jocal disturbance of 
the process, with net loss of important 
protein structures. It is in the very area of 
control of biological processes that many 
previously unsuspected roles for pro- 
teinases are being discovered. 

The main emphasis in this volume is on 
the isolation and in vitro properties of pro- 
teinases. It is at this fundamental level 
that the most rapid acquistion of knowledge 
is occurring and this handbook will stimu- 
late ‘new research methods needed for 
physiological studies. 


ELSEVIER/NORTH HOLLAND 


BIOMEDICAL PRESS 


P.O. Box 211, Amsterdam, The Netherlands 
Distributor inthe USA. and Canada: 


ELSEVIER NORTH-HOLLAND, INC. 52 Vanderbilt Ave.. New York, NY 1007 


AdWNBBLL2 


The Dutech guider price is definitive. US $ prices are subject ec exchange rate fluctuations 


Circle No. 19 on Reader Enquiry Form. 


Nature Vol. 266 17 March 1977 








reviews 





Caricature of Darwinism 


The Selfish Gene. By Richard Dawkins. 
Pp. xi+224. (Oxford University; 
London, 1976.) £2.95. 


PowWERFuL theories that offer to explain 
large parts of the world of.appearances 
carry, immanent within them, their 
own caricatures, Indeed, their liability 
to absurd reduction is precisely in 
proportion to their original generality 
and power. There are inevitably those 
who, dazzled by the great insights of 
others but understanding them only 
superficially, push these theories far 
beyond their valid domain of explana- 
tion. This has been the fate of the 
three powerful conceptual systems that 
have had such an immense impact on 
the life and thought of the nineteenth 
and twentieth centuries: Marxism, 
Freudianism and Darwinism. Marx’s 
historical materialism has been vulgar- 
ised by an ‘economism’ that attempts 
to explain the last petty detail of 
social organisation and history by direct 
reference to ‘material -conditions’. 
Carried away by Freud’s theories of the 
unconscious, and especially the trans- 
formatfons of behaviour described as 
repression, inversion and sublimation, 
facile ‘psychologism’ has searched for 
an explanation of the French Empire 
in Bonaparte’s relationship with his 
parents. 

The caricature of Darwinisni which 
sees the wonderful workings of natural 
selection in every aspect of the living 
world and its artefacts, began immed- 
iately with the publication of the Origin 
of Species. The enthusiasm that led 
the early partisans of Darwin to see 
every difference in the morphology 
and physiology of organisms as adapta- 
tive, also led them into speculation no 
different from the baroque rationalisa- 
tion of Paley’s Vestiges of Creation. 
Evolutionary theory was rescued from 
its excesses by Huxley’s ideas of allo- 
metric growth which enabled us to 
understand that many morphological 
features of organisms are simply epi- 
phenomenal consequences of relative 
changes in different growth fields or in 
different dimensions, and by Sewall 
Wright’s demonstration that precisely 
the same selective forces can lead 
different populations to quite different 
phenotypic compositions becatfse of 
random processes operating in a field 
of multiple stable equilibria. Thus, we 


no longer feel called on to explain in 
an adapative mode why the Indian 


rhinoceros has one horn whereas the 


African rhinoceros has two, 

For more than forty years evolu- 
tionary theory has remained free of a 
naive selectionism, but in recent times 
there has been a return to the extreme 
form of, the adaptationist program, as 
evolutionists have rediscovered be- 
haviour. Beginning with the undoubted 
truth that behaviour must, like mor- 
phology and physiology® be subject 
to the force of natural selection, the 
new ePanglossians end with the old 
error that all describable behaviour 
must be the direct product of natural 
selection. The scientific manifestation 
of this trend can be seen in every issue 
of say, The American Naturalist, which 
is permeated by the language, if not the 
formal apparatus, of game theory, and 
in the development of the school of 
‘sociobioldgy’, among whose more 
extraordinary productions is a recent 
highly praised dissertation explaining 
fellatio and cunnilingus among the 
upper middle classes as an adaptive 
response to constant resources. The 
popular manifestation of this new cari- 
cature of Darwinism reaches its most 
extreme form in The Selfish Gene by 
Richard Dawkins. 

The Selfish Gene is the result of 
Dawkins’ discovery of vulgar Darwin- 
ism. “We are survival machines—-robot 
vehicles blindly programmed to preserve 
the selfish molecules known as genes. 
This is a truth which still fills me with 
astonishment” (preface). I too find 
Dawkins’ description of the relation- 
ship between gene and organism 
rather astonishing. The theme of our 
passive manipulation by our gene 
captors is repeated over and ` over. 
“They swarm in huge colonies, safe 
inside gigantic lumbering robots, sealed 
off from the outside world communi- 
cating with it by tortuous indirect 
routes, manipulating it by remote 
control. They are in you and me; they 
created us body and mind; and their 
preservation is the ultimate rationale 
for our existence. They have come a 
long way, those replicators. Now they 
go by the name of genes, and we are 
their survival machines” (p21). “It 
leaps from body to body down the 
generations, manipulating body after 
body in its own way and fgr its own 
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ends, abandoning a succession of mortal 
bodies before they sink into senility 
and death” (p36) (my italics through- 
out). 

The form of reasoning that leads 
Dawkins, or, rather, the evolutionary 
theorists of whom Dawkins is the en- 
thusiastıc reporter, to this view of gene 
and organism is exemplified in the 
discussion of crowding and. fertility. It 
is observed that in some animals over- 
crowding reduces the birth rate. Given 
this observation, Dawkins then asks 
“Why does natural selection favour 
females who reduce their birth rate 
when the population is overcrowded?” 
He then contrasts a population selec- 
tion eargument, unfavourably, with. a 
“selfish gene” theory. But both argu- 
ments assume without proof that 
females’ reduce their ‘birth rate for an 
adaptative reason, rather than regarding 
lower fertility as a mechanical con- 
comittant of the altered endocrine 
function that results from excitement. 
They also assume that at some time 
in the evolutionary past the ancestors 
of these animals did not respond to 
crowding by lower fertility and that 
genetic variation of just the right sort 
conveniently arose to allow some ani- 
mals to do so. Finally, they invent a 
plausible story to explain why lowered 
fertility is a ‘good thing’. With a little 
ingenuity, of course, such stories can 
always be invented, but it is not clear 
whether we arg dealing with science or 
high-table wit. The realisation that he 
is engaged in game playing after all 
comes briefly to Dawkins’ conscious- 
ness in his discussion of R. L. Trivers’s 
story of reciprocal altruism. ‘There is 
no end to the fascinating speculation 
which the idea of reciprocal altrfism 
engenders when we apply it to our own 
species. Tempting as it is, I am no 
better at such speculation than the next 
man, afd J leave the reader to enter- 
tain himself” (p202). 

Dawkins is not content ‘that his 
readers should amuse themselves with 
the clever games already produced by 
Hamilton, Trivers and Zahavi, but 
introduces, in his Jast chapter, his own 
patented variant. Allowing that the 
details of human culture are probably 
not coded in our genes (we are not 
sugh robots, after all, it seems), 
Dawkins suggests that ideas themselves 
are units of reproduction and natural 
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selection. He’ asserts, for example, 
that “The idea of hell-fire is, quite 
simply, self-perpetuating, because» of 
its own deep psychological impact” 
(p212), although he does not tell us 
how its “deep psychological impact” 
provides a mechanism for its self- 
perpetuation. He shrugs off without 
analysis the much more plausible and 
clearly causal hypothesis that hell-fire 
is not self-perpetuating, but is per- 
petuated by some people because it 
gives them power over other people. 
In fact, both Dawkins’ suggestion that 
ideas are replicating selected units and 
the sociologists’ notion that the 
details of human social activity are 
coded in our genes and selected for 
maximum reproductive potential, arise 
from? the same fallacious view of 
human society, which, in turn, is a 
reflection of their confusion between 
materialism and reductionism. Al- 
though it is true that human beings are 
material objects whose brains are the 


result of a developmental process 
under the influence of genes, it is not 
true that their minds can be understood 
when we understand their genes. In 
like manner, although human society 
is the product of the sensuous activity 
of material individuals, human society 
is not simply the collectioh of all in- 
dividuals. 

According to Richard Dawkins, ‘‘If 
superior creatures from space ever 
visit earth, the first question they will 
ask, in order to assess the level of our 
civilisation is ‘Have they discovered 
evolution yet?’ ”. I think it more likely 
they will want to know whether we 
know the difference between proper- 
ties of sets and properties of their 
members. CJ 
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R. C. “Lewontin is Alexander Agassiz Pro- 
fessor of Zoology in the Museum of Com- 
parative Zoology and Professor of Biology 
at Harvard URtiversity, Cambridge, Massa- 
chusetts. 





Compendium 

of physiology . 
Introduction to Physiology. Vol. 3. By 
H. Davson and M. B. Segal. Pp. x+ 


656. (Academic: London; Grune and 
Stratton: New York, 1976.) £9.80. 


THE appearance of the third volume of 
this sertes so shortly after the first two 
(for review see Nature 259, 428; 1976) 
is a great tribute to the industry as 
well as the erudition of the authors. It 
is a pity, even so, that they have been 
outpaced by inflation and the cost per 
page has risen from about 13p to 15p. 

This third volume is devoted mainly 
to the homeostatic control of the 
principal mass-transport systems of the 
mammal—the circulatory, respiratory, 
alimentary and urinary systems. There 
are also sections, in the Bernard tradi- 
tion, on thermoregulation, the control 
of plasma electrolytes and blood sugar, 
and a concluding one on the internal 
environment of the central nervous 
system in which the writers are, of 
course, very much on their home 
ground. Each of these topics is covered 
in considerable depth and the biblio- 
graphy which is appended to each sec- 
tion is copious including virtially all 
workers who have achieved prominence 
in their respective fields over the past 
20 years as well as many whose contri- 
butions are less familiar. 

What seems to be emerging is a 
compendium of contemporary physi- 
ology rather than an introduction to 
the subject. The various sections, 
although providing detailed and 
thoughtful surveys of current ideas, 
suffer somewhat from a lack of con- 
tour Jines which might help the noviti- 
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ate to distinguish the salient features in 
the detailed scenario which is pre- 
sented. The text is complemented by 
frequent clear and apposite illustra- 
tions, although in one instance, at 
least, the figure contradicts what is 
Written elsewhere and occasional pic- 
tures of apparatus hardly merit the 
space they occupy. In the text itself 
there are some confusing and inconsis- 
tent statements but these are rare and 
could well result from tasty proof- 
reading. Also from time to time an 
idea is tantalisingly floated without 
being adequately developed. 

Now that the half-way stage in its 
production has been reached, the ques- 
tion must arise as to what type of user 
is likely to gain most from this multi- 
volume treatise. My own impression is 
that it is too detailed to serve as a 
working source book for the average 
medical student who may, however, 
find it valuable for occasional consulta- 
tion. On the other hand, Honours 
undergraduates in most UK universities 
would probably be encouraged to read 
original papers rather than rely on 
summaries, however well prepared. 
This leaves postgraduate students who, 
particularly on taught courses, gould 
find their needs well catered for, and 
finally there is the harassed teacher 
who may be called on to give lectures 
or tutorials outside his own speciality. 
Persons in the last category should be 
heartily grateful to Drs Davson and 
Segal for having so diligently 
‘researched’ such a wide range of im- 
portant topics and having so skilfully 
blended and packaged the fruits of 
their labours. 

R. V. Coxon 


R. V. Coxon is Reader in Human Physi- 
ology at the University of Oxford, UK. 
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Isotachophoretic 
analysis 


Isotachophoresis: Theory, Instrumenta- 
tion and Applications. (Journal of 
Chromatography Library, Vol. 6.) By 
F. M. Everaerts, J. L. Beckers and 
T. P. E. M. Verheggen. Pp. xiv+418. 
(Elsevier Scientific: Amsterdam, 
Oxford and New York, 1976.) Df. 160; 
$61 50. r 


THIS is an important book. Its senior 
author, Dr F. M. Everaerts, was intro- 
duced to isctachophoresis some twelve 
years ago by his PhD supervisor, the 
legendary A. J. P. Martin, Since then 
Everaerts and his group have developed 
the technique from a laboratory 
curiosity to arguably the most versatile 
method available for the characterisa- 
tion and determination of low to 
medium molecular weight electrolytes. 
It is a method which in my view is 
destined to become one of the standard 
tools of chemical analysis. 

Essentially the book is a full report 
of the work done by Everaerts’ group; 
as such the treatment of the subject 
is uneven. The theoretical section does 
not provide a good introduction to the 
subject. The long chapter describing a 
mathematical model of isotachophoresis 
seems out of place and adds little of 
practical value. The qualitative aspects 
of isotachophoresis, however, are ade- 
quately described and the chapter on 
ionic mobilities summarises the vari- 
ables available for exploitation by the 
analyst. 

The section en instrumentation is by 
far the best. It provides a clear account 
of the problem of detection and of 
presently available solutions to it. The 
descriptions of the apparatus are com- 
plete enough for anyone with sufficient 
skill to build an analyser for himself. 

The applications section is the most 
disappointing of all. In spite of the 
wealth of experimental data presented, 
there are no comparisons made with 
rival, well established techniques. A 
careful perusal of the separations 
depicted in (say) Fig. 12.4 (p 303) and 
Fig 15.1 and 15.2 (pp 350-351) will con- 
vince any analyst of the value of the 
technique, 

In spite of its shortcomings this book 
ought to be read by all analysts of 
electrolyte solutions. Scientific instru- 
ment manufacturers should also find it 
of considerable interest, and possibly 
very profitable. ? 

Frank Hampson 


Frank Hampson is a Research Fellow in 
the School of Molecular Sciences, Univer- 
sity of Sussex, UK. 
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ASA Monograph ` i. 


Social Anthropology and Law 


edited by lan Hamnett 
April/May 1977, x + 234pp., £5.50810.75  0.12.322350.4 a 


Here contemporary socia! anthropologists and academic arp fi present new ideas and provide answers to some important 
theoretical problems in the anthropology of law. The focafpoint aged m this volume consists of the relative importance of “norms” 
or “rules” on the one hand, and of “interest” or “power" on the other, In the settlement procedurps of widely varying Afncan societies. 
This controling theme Involves a close discussion of the role of law in society generally with particular reference to cases in which 
legal pluralism results in dynamic social, pohtica!l and economic change. 


Studies in Cross-Cultural Psychology Volume 1 


* edited by Nell Warren l 
April/May 1977, xvi + 212pp., 8.504 16.65 0.12.609201.X 
This ts the first volume in a sertes which alms to gather together the scattered but increasingly voluminous information on the subject 
of cross-cultural psychology. The essays demonstrate the pecular diversity and potential scope of cross-fertilzation between 
anthropology, ethnology and psychology In principle, cross-cuttural psychology might address Itself to problems anywhere within thee 
psychological spectrum. In practice, however, certain argas of research lend themselves better to this approach than others, and 
accordingly the authors have each chosen important growth points, presenting ether a report of sustained research program, or a 
cntical review examining and developing conceptual schemes and theories. 


Theory and Practice in Interpersonal 


Attraction 


edited by Steve Duck ° 
ApriVMay 1977, x + 438pp., £9.80% 19.25 0.12.222850.2 


This book closely examines the nature of interpersonal attraction, what it is, why we are attracted to some people sather than to 
others, how it ts possible to measure the extent of attraction and attractiveness, and how our lives may be affected by the degree of 
attractiveness or unattractlveness attributed to us. The book is arranged Into three sections following three fundamental questions. 
These are. 1) How do specialist workers explain the phenomena in the area? 2) What sorts of study do they do to Investigate the area? 
3) How does this area fit In with theoretical work m other areas of the subject. 


Proceedings of the Serono Foundation No. 11 


Prolactin and Human Reproductio 


edited by P.G. Crosignani and C. Robyn ° 
April/May 1977, vii + 306pp., £10.50$20.50  0.12.198345.5 


This book records the proceedings of the eleventh International Symposium of the Serono Foundation, held at Cemobbio in July 
1976. The purpose of tne vl Alhad was to gather together experts in human prolactin that they may present and discuss recent 
findings concerning the influence of prolactin on the endocrine control of human reproduction. The result was a comprehensive 
revision of the relationship between prolactin and human reproduction. 


Contents 
Assay Methods. Physiology. Dunng fetal life and development. Roles in the contro of fertiity: in animal, In man, Pathology. 
Characterzation of hypemrolacthemr amenorrhea. Management of hyperproiactinemic amenorrhea. 


Proceedings of the Loch Lomond Symposium, Ross Priory 
University of Strathclyde, in September 1975 


Studies in Mother—lInfant Interaction 


H. R. Schaffer $ 
April/May 1977, x + 478pp., £14.80/$29.00 0.12.622560.5 


These papers take a ively, modern approach to the topical problem of mother—child interactiom taking care to present the 
relationship as a dyadic one: the effect of the child’s presence on the adult is as considerable as that of the parent on the infant. The 

proach is marked by the adoption of microanalytic techniques of study, showing how unsuspected patterns can be revealed, by 
close analysis of the extremely complex Interactive behaviour which is in existance between mother and child long before fingurstic 
communication develops. 
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T-cell Markers and Differentiation 


Thymopotetin ang bursoporetin (Golgstein). T-cell 
maturation (Weissman). T-cell subclasses 
(Cantor). Cells in B-lymphocyte differentiation 
(Herzenberg). A kappa membrane antigen on B 
and T cells (Gottheb), Rat Thy-1 antigens from 
thymus and brain (Williams), Terminal transferase 
(Baltimore), Virus-lymphocyte interactions 
{Blaom) 


Helper and Suppres%or T Cells and Their ° 
Products 


The hermaphrocyte (Gershon), Suppressor T cells 
In tolerance (Basten), Two pathways of tolerance 
to DNFB (Claman), Heterogeneity of interactions 
(Feldmann), l-region expressions on T-cell factors 
(Tada) 


B-cell Differentiation and Commitment 


In vitro studies on lymphocyte diversity (Owen), 
Ontogeny of B-cell diversity (Cooper), Ontogeny of 
B cells (Melchers), B-lymghocyte development 
(Raff), Induction of immunoglobulin synthesis 
(Weimann), B-cell diversification (Klinman), One 
lymphocyte, two immunoglobulins {Parnis}. 
Immunoglobulin receptors on murine B 
lymphocytes (Vitetta), immunoglobulin on munne 
B lymphocytes (Parkhouse), Lymphocytes of the 
sigA system (Cebra), B-cell activation (Moller), T- 

eand B-cell growth in vitro (Andersson), 
Antigen-specific B celis (Nossal), Regulation of 
B-cell clones (Kincade), B-cell immunity and 
tolerance (Diener) 


Receptors e 


Lymphocyte surface immunogiobulins 
(Marohalonis), idiotypic T-lymphocyte receptors 
(Binz), Structure of the T-cell receptor (Krawinkel), 
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Structure of HL-A A and B antigens (Strominger): 
Structural studies of MHC antigens (Peterson) 
Chemical analyses and sequences of HL-A 
{Appelia} Structural differences of H-2 mutants 
(Nathenson} Structure of H-2 antigens 
(Cunningham) Structural studies a and TL 
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(Silver), Human ja antigeps (Snary)} 
Charactenzation of B-cell alloantigens (Springer) 
The guinea pig MHC (Schwartz) Analysis of ‘ 
antigen expression (Hyman) 
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Genetics of the MHC and Associated Products 
Polymorphic B-cell determinants (van Rood) 
Recognition of MHC antigens (Bach) Genetics of 
human la antigens (Barnstable) 
Histocompatibility-2 system of wild mice (Klen) 
H-linked Ir and ts genes (Benacerrat) New | 
subregions of H-2 complex (Shreffler). Functional 
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Selective expression of la loc! (Murphy) 
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T-cell Cytolysis 


Surveillance and alloreactrity (Zinkernagel). 
Cytotoxicity to Hh determinants (Shearer). T-cell 
response to H antigens (Bevan), Antigenic 
requirements for virus-specific CMC 

« Koszinowski), H-2 gene products and T-cell 
specificity (von Boehmer), H-2 antigens apd 
cytotoxic T cells {Schrader}, Multiple receptors on 
T cells (Wilson) 
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Announcing 

Cold Spring Harbor 

Symposia on ORIGINS OF 

Quantitative Blology, 

Volume XLI LYMPHOCYTE DIVERSITY 
With the publication of this two-book set, the question of antibody diversity, an already intriguing 
enigma when considered at the 1969 Symposium on Antibodies, has now been placed within the 
broader context of lymphocyte diversity, and in fact can now be discussed within the framework of 
almost all of Immunology. : 

Bringing together a wide range of research done in many leading laboratories throughout the world, 
this symposium volume should represent for many years the most comprehensive overview of the way in 
which immunologists see their field evolving. It is thus sure to find a wide audience among all engaged in 
° fundamental blology and most specifically those attempting to unravel the mystery of the immune 
response l 7 l 
1977, 1024 pp., illus., index ISBN: 0-87969-040-2 2-Book set, clothbound, $60 
e 
CONTENTS 
Antinuclease receptors (Sachs) Rabbit fe T-lymphocyte activation (Miller), Response to 
Part 1 x raceptor-bearing cells (Cazenave), Heterogeneity cell-surface antigens (Lake), T-B collaboration 
f Fe receptors (Grey) across haplotype barriers (Swain), Genetic contro! 
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(Sakato), GOD in the response to 
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antibody specificity (Makela), Dissection of an 
Immune sesponse (Geckeler) 
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The life style of B cells (Askonas), Rapid 
diversification of lymphocytes (Cunningham), 
Lymphocyte diversity in amphibians (Du 
Pasquier}. Immunoglobulin expression 
(Margulies). Mutants and hybrids tn tissue culture 
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NZB and BALB/c myeloma proteins (Hood), 
Genetics of variable regions (Weigert, 
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Carcinological 
fauna of Japan ; 


Crabs of Japan and the Adjacent Seas 
By Tune Sakai Volume i: English 
text+ figs. Pp. i-xxıx +772. Volume 
2; Plates Pp. 250. Volume 3 Japan- 
ese text. Pp. 460. (Kodansha: Tokyo; 
Antiquariaat Junk Lochem, The 
Netheriands, 1976) Dfi.550 the set 


SOOO, 


DurinG the past two decades research 
on the carcinological fauna of Japan 
has made rapid progress, resulting in 
many additions to the spectes of crabs. 
The author of this handsomely pro- 
duced, up-to-date, and definitive 
monograph has kept abreast with the 
recent literature and incorporated the 
results of over forty years of field 
work and research. Considerable 
changes ın classification and nomen- 
clature have therefore been made— 
for example, to the family Potamoni- 
dae after Bott, 1970, and to the genus 
Uca after Crane, 1975. 

About 885 species of Brachyura, 
referable to 329 genera and 30 
families, are dealt with taxonomically, 
and nearly all are illustrated. Numer- 
ous keys are given to the determina- 
tion of most categories from super- 
families to subspecies Exceptions are, ` 
for example, species of Ebalia, which - 
require revision; and genera in the 
Alhance Xanthoida, because Mme 
Guinot’s investigations are still in pro- 
gress. Well known species, or ones 
descriSed in the earlier monograph, 


or in The Crabs of Sagami Bay (1965), 
are not described again. 

Throughout, references and synony- 
mies, material examined, habitat with 
occasional ecological notes, type 
locality and general distribution, are 
given. Mention is emade of some 
recently described species not seen by 
the author. Quite a large percentage 
are endemic; a few are known only 
from Japan and some remote locality 
like Ceylon, or Madagascar. Many are 
widely distributed throughout the 
Indo-West Pacific. 

Because of. the great economic 1m- 
portance of some of the cold water 
crab-like Anomura of the family 
Lithodidae, fifteen species (two new to 
science) are described and illustrated 
in. an Appendix. Bibliographies for. 
the Brachyura and the Lithodidae, 
and a systematic index, complete the 
English text. The author’s English is 
always easy to follow, and the Japan- 
ese text ıs apparently inténded for the 
use of students and non-specialists. 

Tee colour .plates.are excellent 
About 600 beautiful paintings after 
living or frozen crabs, specially pre- 
pared by the author’s wife, are repro- 
duced. and a number of rather 
striking colour photographs of crabs 
in their natural habitats are included 
The book will, be useful for specialists’ 
working on the fauna of the whole of 
the Inde-Pacific region. 

Isabella Gordon - 


Isabella Gordon recently retired after 
many years as Head of the Crustacea 
Section at the British Museum (Natural 
History), London, UK 
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ISIS bibliography. 
ISIS Cumulative Bibliography. A Bibliog- 
raphy of the History of Science formed 
from ISIS Critical Bibliographies 1-90, 
1913-65. Vol. 3; Subjects Edited by M. 
Whitrow. Pp 678. (Mansell Information: 
London, 1976.) £28. 


THIS massive work brings one stage 
nearer completion a major scholarly 
project reviewed in these pages five years 
ago (Nature, 237, 115-116) when the 
initial two volumes were published. The 
Isis Cumulative Bibliog: aphy aims to make 
accessible the rich information on “the 
history of science and its cultural in- 
fluences” stored in the critical bibliog- 
raphies routinely published by the official 
journal of the History of Science-Society. 
Volumes 1 and 2 recovered and reorgan- 
ised material under the headings of 
“personalities? and “institutions”. This 
third volume deals with “‘subjects”’. 
“Periods” will occupy a fourth volume. 
The difficulties inherent ın this kind of 
bibliographical synthesis are commen- 
surate with its. magnitude. The abbrevia~- 
tions for the journals cited run to seventy- 


six closely-printed quarto pages’ The 
classification scheme needs ten pages of 
explanation That scheme allows the more 
than’ twenty thousand entries to` be 
arranged and cross-indexed under approx- 
imately seven thousand categories In an 
interesting reflection of historical priori- 
ties, works on mathematics and the 
physical sciences occupy one hundred 
and twenty-three pages to a mere thirty 
for the biological sciences and twenty- 
nine for the sciences of man 

The present volume allows one quickly 
to identify the reliable historical literature 
on gubyects ranging from ‘Adsorption: 
Chemistry” to “Alchemists: North 
American: Collective Biography”, and 
“University and Advanced Level Teach- 
ing. Mathematics ' Russia” to “Writing 
and Reviewing: Science”. Like its pre- 
decessors, this volume is an indispensable 
reference work for all those concerned to 
understand science as a human enter- 
prise Arnold Thackray 


Arnold Thackray I5 Chairman of the Depart- 


ment History and Sociology of Science, 
University of Pennsylvania, and will be a 
foe: Fellow at All Souls College, during 
1977-78. 
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Underwater optics 


Merine Optics By N. G Jerlov. 
(Elsevier Qceanography Series, No. 14.) 
Pp x1ui+231. (Elsevier: Amsterdam, 
Oxford and New York, 1976.) Dfl.77; 
$29.75. 


AT first sight this book seems to be a 
glossier and larger version of Jerlov’s 
Optical Oceanography (Elsevier Ocean- 
ography Series, No 5, 1968), indeed the 
earlier book is, still advertised on- the 
dust cover of the present book, which 
sees a little strange A closer look 
shows that the number of figures has in- 
creased from 83 to 137, tables from 28 
to 37, but pages only from 173 to 203. 
Impressively, the references have ın- 
creased from 296 to no less tham 548, 
of which nearly 200 are post-1968. This 
certainly confirms the author's state- 
ment that progress in ocean optics Is 
being made at a rapid rate. 

In revising the book the author has 
eliminated some earlier references and 
included ‘many others, as well as adding 
so much new work. In particular one 
should mention the large number of 
Rusian and eastern European referen- 
ces: (about 70) mn the recent volume, 
compared with aboué 30 in the earlier 
one The author’s technique in revising 
has ‘been mainly to repeat word for 
word the 1968 book, here and there 
inserting new paragraphs or tagging on 
bibliographical information. The extra 
30 pages are mostly made up by the 
eextra figures and tables. 

It should be stressed there is almost 
no re-writing of the 1968 text and thus 
it becomes necessary to justify the 
production (and purchase) of the new 
volume purely on the extra information 
included. The price of about £18 does 
seem high but the eminence of the 
author and the assembling of so much 
extra material probably does justify 
such expenditure. The new data prob- 
ably are better shown as figures and 
tables, but the main advances over the 
past eight years are more in the nature 
of additional data built on to old, 
rather than the formulation of new 
concepts. 

One of the most valuable new sec- 
tions deals with the use of underwater 
optics to check the movement of water 
masses, a valuable tool for the physical 
oreanographer. As in the 1968 version, 
however, the author disappoints the 
biologist reader who is looking for the 
application of underwater optics to 
such phenomena as primary produc- 
tion, bioluminescence and animal be- 
haviour J. H. S. Biaxter 





J H S, Blaxter is ‘Senior Principal 
Scientific Officer at the Scottish. Marine 
Bjological Association, Dunstaffnage 
Marine Reseach Laboratory, Oban, 
Argyll. i 
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GABA ’ , 


GABA in Nervous System Function. 
(Kroc Foundation Series,» Vol. 5.) 
Edited by Eugene Roberts, Thomas N. 
Chase and Donald B. Tower. 
Pp. xv+554. (Raven: New York, 
1976.) $30.00. 





Tae identification of -aminobutyric 
acid (GABA) in mammalian brain in 
1950 led, after a short lag phase, to 
a profusion of physiological and bio- 
chemical studies. Many of these were 
described in the only previous volume 
on GABA and the nervous system, 
published in 1960. At that time the 
possible neuronal inhibitory role of 
GABA, and its importance in epileptic 
activit?, were the focus of attention. 
A subsequent period of doubt was fol- 
lowed by one of consolidation. An 
inhibitory transmitter role for GABA 
in the mammadian cerebellum, cortex 
and hippocampus is now generally 
accepted. Experimentally, epileptic 
convulsions can be induced by drugs 
which block the synthesis of GABA or 
impair its inhibitory action. It has yet 
to be shown, however, that epilepsy in 
man (except for pyridoxine-related 
syndromes) arises from a failyre in 
GABA-mediated inhibitory processes. 

The present volume arises from a 
workshop held in California in 1975. 
The 37 chapters are by 47 contributors 
(32 from North America, 10 from 


Polymerisation 


Thermodynamics of Polymerization. 
By H. Sawada. Pp. xiii+403. (Dekker: 
New York and Basel, 1976.) 130 Swiss 
francs, 


Tuis book is an expanded version of the 
collection of articles written by Dr 
Sawada for Reviews of Mgcromolecular 
Chemistry over the period 1969 to 
1974. Each chapter has been written as 
a separate entity so that there is in- 
evitably a certain amount of repetition 
of both content and references. 

The first two chapters are intro- 
ductéry, dealing with the general ideas 
of ceiling temperature, heats and entro- 
pies of polymerisation, These are 
followed by five chapters covering in 
succession anionic, cationic, tadical, 
condensation and ring polymerisation. 
Next comes a chapter on polymerisa- 
tions, the equilibrium positions of 
which have been measured, followed 
by two on copolymerisation. Finally 
there are two chapters devoted to de- 
gradation of polymers and miscellan- 
eous topics such as tacticity ana pres- 
sure effects. j 

The reader who comes to ie subjegt 
afresh may be surprised to discover how 
much of the book is concerned with 


Japan, 2 from Norway, 2 from West 
Germany and 1 from Australia). The 
predominant emphasis -is on bio- 
chemistry, cytology and cellular phy- 
siology. The last 5 chapters discuss the 
possible involvement of GABA in 
disease and therapy. 

There are indications that we are 
entering a new growth phase in GABA 
research. Suggestions that abnormal 
functioning in GABA systems contri- 
butes to the pathogenesis not only of 
epilepsy, but also of Huntington’s 
chorea, Parkinsonism, schizophrenia, 
senile dementia, and anorexia nervosa, 
are providing the stimulus. 

The techniques and basic data pre- 
sented in this volume provides the 
means. Of outstanding importance is 
the development of immunocyto- 
chemical techniques which, usiag anti- 
bodieseprepared from purified enzymes 
(glutamic acid decarboxylase and 
GABA transaminase), enable visualisa- 
tion of cellufar structures containing 
these enzymes. Pioneering reports from 
the laboratory of Eugene Roberts,edes- 
cribe the light and electron micro- 
scopical localisation of these enzymes. 
These reports provide beautiful con- 
firmation of neurophysiologists’ earlier 
conclusions about which cell types 
release GABA in the cerebellum and 
hippocampus. Brian Meldrum 


Brian Meldrum is Senior Lecturer in the 
Department of Neurology, Institute of 
Psychiatry, London, UK.* 


kinetics rather than thermodynamics. 
A more complete description would 
have been “Kinetic and thermo- 
dynamic aspects of processes relevant 
to polymerisation”. Thus under anionic 
polymerisation we find a discussion of 
equilibrium between different types of 
propagating species, under cationic 
polymerisation an account of the 
thermochemistry of ionisation pro- 
cesses, and under radical polymerisation 
substantial sections on the thermo- 
dynamics of the initiation, termination 
and transfer reactions. The kinetic 
data are sometimes linked with thermo- 
dynamically-based parameters such as 
Hammett o, and sometimes simply 
expressed in terms of emergies, en- 
tropies and volumes of activatjon. 
Other times there is only the most 
tenuous link with thermodynamics, as 
in the discussion of reactivity ratios in 
terms of the Alfrey—Price Q,e scheme. 
The chief merit of the book is that it 
brings into a single volume for the 
first time most of the available informa- 
tion on thermodynamics of polymeri- 
sation, and a valuable feature is the 

Addendum of recent publications. 
K. J. Ivin 


K. J. Ivin is Professor of Physical 
Chemistry at Queen’s University, Belfast, 
Northern Irgland. 
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Wax esters and 
non-polar lipids 


Chemistry and Biochemistry of Natural 
Waxes. Edited by P. E. Kolattukudy. 
Pp. xx+464. (Elsevier: Amsterdam, 
Oxford and New York, 1976.) D8129; 
$49.75. 


THis book is dedicated to Professor 
A. C. Chibnall who first became in- 
terested in waxes fifty years ago and 
(with S. H. Piper) carried out some 
classical studies in this field. Significant 
advances in our understanding of Wax 
chemistry and biochemistry had to 
await the chromatographic and spectro- 
scopic procedures which have revolu- 
tionised and activated all areas of lipid 
research. The waxes (broadly inter- 
preted) have shared in these develop- 
ments, and for any who have 
overlooked them the record is fully 
documented in this book. Chemists and 
biochemists interested in lipid method- 
ology, lipid structure, and lipid bio- 
synthesis, and biologists of many kinds 
will want to consult this book and to 
have frequent access to it. 

The term “wax” is not here confined 
to wax esters but includes a wide 
variety of non-polar lipids: hydro- 
carbons, ketones and aldehydes, pri- 
mary and secondary alcohols, ethers, 
alkanediols, acids, wax esters of several 
kinds, and terpenoids. In general these 
may be saturated or unsaturated and 
straight chain or branched chain. The 
editor has chosen, however, to omganise 
the chapters on the basis of the type of 
organism from which the wax is de- 
rived, the ten contributions being: in- 
troduction to fatural waxes (P. E. 
Kolattukudy); mammalian waxes (D. T. 
Downing); marine waxes (J. R. Sargent, 
R. F. Lee and J. C. Nevenzel); bird 
waxes (J. Jacob); and their biochemistry 
(P. E. Kolattukudy); insect waxes 
(L. L. Jackson and G. J. Blomquist); 
plant waxes (A. P Tulloch); and their 
biochemistry (P. E. Kolattukudy, R. 
Croteau and J. S. Buckner); algal and 
fungal waxes (J. D. Weete); and bac- 
terial waxes (P. W. Albro). Dr Kolat- 
tukudy is to be congratulated on 
securing the service of such authorita- 
tive contributors. In addition to his own 
writing the editor has—more or less 
successfully—-prevented undue overlap 
of material between the various 
chapters. 

At appropriate places in the text, 
structure and composition, structural 
determination and analytical proce- 
dures (chromatography and several 
kinds of spectroscopy), biosynthesis and 
catabelism, function, and taxonomy 
are discussed. F. D. Gunstone 


F. D. Gunstone is Professor of Chemistry 
at the University of St Andrews, UK. 
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The Molecular Biology ‘of the 
Mammalian Genetic Apparatus 


edited by PAUL O. P. TS’O, Professor and Director, Division of Biophysics, The Johns 
Hopkins University School of Hygiene and Public Health, Baltimore, Maryland, U.S.A. 


The intensive restarch carried out over the past 25 years on the chemistry and biology of 
nucleic acids and the molecular biology of prokaryotic cells has laid down the foundation 





for a concerted investigation of the mammalian genetic apparatus as a whole. 


In December 1975 the “International Symposium on the Molecular Biology of the Mam- 
malian Genetic Apparatus - Its Relationship to Cancer, Aging and Medical Genetics” 
was held at the California Institute of Technology. These two volumes comprise the prg- 
ceedings of the symposium. They provide the most comprehensive and up-to-date treat- 
ment of one of the most important fields in modern biology and will become leading texts 
for biochemists, molecular and cell biologists, and also cancer researchers and geneticists. 


Volume 1 


Structure 
1977. xx + 444 pages. US $ 56.75/Dfl. 139.00. ISBN 0-7204-0625-0 ° 

Contains contributions by over 80 scientists on the properties of histone conformation 
and interaction, the role of RNA and non-histone proteins jn the structure of chromatin, 


and the various interpretations of the current data on the structural un its of interphase 
chromatin and metaphase chromatin. i 


Volume 2 
Pata DNA Organization and Gene Expression 


PatB Relationship to Somatic Genetics, Cancer and Aging 
1977. xx + 326 pages. US $ 46.75/Dfl. 114.00. ISBN 0-7204-0626-9 


This volume extends the contents of Volume 1 on Structure to the organization and func- 
tional aspects of the genetic apparatus, and describes the relevance of the research in 
this area to the challenging problems in cell biology and biomedical science. 

Part A is concerned with DNA organization as studied by various methods including elec- 
tron microscopy, nucleic acid hybridization, and cloning of plasmids. In addition it contains 
papers on the expression of genes in terms of transcriptional control. 

Part B is concerned with the relationship of the genetic apparatus to somatic genetics, 
cancer and aging. . 


Special Offer : 


The Molecular Biology of the Mammalian Genetic Apparatus, Vols. 1 and 2, 
US $ 84.95/Dfl. 208.00 


ELSEVIER/NORTH HOLLAND 
BIOMEDICAL PRESS 


P.O. Box 211, Amsterdam, Ihe Netherlands : 


Distributor inthe USA and Carfada: ° 
ELSEVIER NORTH-HOLLAND, INC., 52 Vanderbilt Ave., New York, NY 1007 


The Dutoh guilder price ts detinitrve US $ prices are subject to exchange rate fluctuations s 


dWGdile 


* Miraka Aln 10 an Beeder Wnnnlrue Exner 


SI Edition 
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New irom Pergamon 


LIFE SCIENCES & MEDICINE 


GAMAN & SHERRINGTON: The Sclence of Food. 
An Introduction to Food Science, Nutrition and 
Microblolagy 
ISBN 0080199408 $15.00 £8.26 
ISBN 0 08 019947 X $8.95 £4.96 fiexi 
KERKUT & PHILLIS: Progress in Neurobiology, Vol 7 
Complete 
ISBN 0 08 0203213 $60.00 £27.00 
ROSENOER et al: Albumin Structure, Function and 
Uses 
ISBN 008 0196039 $45.00 £25.00 
SPENCER: Pathology of the Lung, 3rd edition. 
Available in North and South America through 
W. R. Saunders Company 
ISBN 0.08 021021 X $95.00 £47.60 
WALTON: Inhaled Particies IV 
ISBN 0 08 020560 7 $9500 £62.00 
WHITE: Haemoglobin Structure and Function, Its 
relevance to Biochemistry and Medicine 
ISBN 0 08 027518 7 $8.00 £4.00 flexi 


PHYSICAL SCIENCES 


D'ANGELO: Ketone Enolates:*Reglospecific Pre- 
Rae and Synthetic Uses (Tetrahedron Report 


No. 25 
ISBN 0 08 G215874 $10.00 £4.95 flex 
AVEYARD & VINCENT.  Liquld-Liquid Interfaces: 
In Isolation and in interaction 
bd ISBN 8 08 021924 1$7.95 £4.40 flex 
BAGLEY & FINLEY: Progress in Aeréspace Sclences, 
Volume 17 No. 3 
ISBN 0 08 Q21252 2 $19.00 £9.60 flexi 
BELL & BONET: Plasma Chemistry—2 
ISBN 0 08 020999 8 $18.00 £10.00 
CARTER et ai: Metallic Shifts in NMR - A review of 
the theory,and comprehensive critical data com- 
pilaton of metallic materials (4 Vols.) 
Pre-publication price until 31st March $260.00 £138.00 
ISBN 0 08 018943 1 $300.00 £166.00 
CHIGIER: Progress in Energy & Combustion Science, 
Volume 2 No. 4 
ISBN 008 0212174 $12.50 £6.26 flexi 
CLARK & STEPHENSON: Historical Supernovae 
ISBN 0 08 020914 9 $15.00 £8.50 
ISBN 0 08 021639 0 $7.50 £3.95 flex 
DOWSON & HIGGINSON:  Elasto-hydrodynamic 
Lubrication Si Edition 
© /S8N 008 0213030 $12.00 £6.50 
DRYUK: „The Mechanism of Epoxidationof Olefins 
by Peracids (Tetrahedron Report No. 24) 
ISBN 008 021586 6 $10.00 £4.95 flexi 
EBERSON & NYBERG: Synthetic Uses of Anodic 
Substitution Reactions (Tetrahedron Report No. 21) 
ISBN 0 08 021583 1 $10.00 £4.96 flexi 


GEORGE: Precision, Language and Logic 
ISBN 0 08 019650 0,917.50 £9.76 


GRAY & LOWE: Studies in the Scottish Lateglacial 


Environment 
ISBN 0 08 020498 8 £16.00 £7.95 
HENDRY: Elaments of Experimental Stress Analysis 


ISBN 0 08 021301 4 $10.00 £5.50 
ISBN 0 08 0213006 $5.50 £3.00 flexi 


HOLMES: The Characteristics of Mechanical En- 


gineering Systems 
ISBN 008021033 3 $10.00 £5.50 


Pergamon Press 


Headington Hill Hall, Oxford OX3 OBW, England 
Fairview Park, Elmsford, New York 10523, USA 


Circle No. 14 on Reader Enquiry Fornf. . 


KELLOGG: The Molecules R2CXCR2 Including 
Azomethine, Carbonyl and Thiocarbonyl Yiides. 
Theif Syntheses, Properties and Reactions (Tetra- 
hedron Report No. 20) 

ISBN 0 08 0215823 $10.00 £4.95 flexi 
KOWALEWSKI: Calculations of Nuclear Spin-Spin. 
Coupling Constants 

ISBN 0 08 021602 1° $7.60 £4.20 flex 
MORRIS: Introduction to Communication Command 
& Control Systems 
SIBN 0 08 020378 7 $30.00 £15.00 
McVEIGH: Sun Power An Introduction to the Appli- 
cations of Solar Energy 
ISBN 0 08 020883 0 $10.50 £8.00 
ISBN 0 08 020862 2 $4.96 £2.75 flexi 
REAY Industrial Energy Conservation 
x ISBN 0 08 020867 3 $20.00 £11.00 
S ISBN 0 08 0217168 $12.60 £6.95 flex: 
RICHARDS: Coastal Upwelling Ecosystems Analy- 
sls Program — JOINT-1 
ISBN 0 08 0273758 $16.00 £7.50 flex 


ROBERTS: Geotechnology - An introductory Text 
for Students and Engineers 

° ISBN 0 08 019602 0 $35.00 £19.60 

ISBN 0 08 021534 7 $17.60 £9.75 flexi 


ROBIN: Colloquium Spectroscopicum Internationale 


- XVIII 
ISBN 0 08 027569 6 $8.00 £4.45 
ROUVQUEROL & SABBAH: Chemical Thermo- 


dynamics - 4 
ISBN 0 08 0213669 $16.00 £8.90 


SURPATEANU et al. Structure and Reactivity of 
Cycicimmonlum Ylides (Tetrahedron Report No.23) 
= ISBN 0 08 021585 8 $10.00 £4.95 flexu 


TAYLOR. Stored Data Description and Data Trans- 


* lation? A Model and Language 


ISBN 6 08 O21624 2 $10.00 £5.50 flexi 
THOMPSON: Marine Natural Products 
ISBN 0 08 021242 6 $8.00 £4.46 
WEEDON. Carotenoids - 4 
ISBN 0 08 020974 2 $30.00 £16.65 


WORTHINGTON: Arid Land Irrigation in Developing 
Countries: Environmental Probleme and Effects 
ISBN 0.08 021588 2 $63.00 £35.00 


YALIN: Mechanics of Sediment Transport, 2nd 


edition . 
ISBN 0080211623 $35.00 17.50 
ZIELHUIS: Public Health Risks of Exposure to As- 


bestos 
{SBN 0 08 021580 7 $12.00 £8.75 flexi 


SOCIAL/BEHAVIORAL SCIENCES 
& THE LIBERAL ARTS 


CHAPMAN & FOOT: It’s a Funny Thing, Humour: 
The International Conference on Humour and 


Laughter 
ISBN 008 0213766 $24.00 £12.50 
HAIGHT: Transportation Research. Tenth Anniver- 


sasry Issue ° 
ISBN 0 08 0214916 $8.00 £4.00 flex! 


LEWY & CHEN: Differences In Achievement A 
Comparison over time of Ethnic Group Achievement 
to the Israeli Elementary School 

ISBN 008 G21450 9 $9.00 £4.50 flexi 


PALIC: Government Publications: A Gulde to 

Bibliographic Tools, Incorporating Government 

Organization Manuals: A Bibliography 
ISBN 0 08 0214676 $26.00 £12.50 


For further information on any of these important 
new titles please contact your nearest Pergamon 
Office. 
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obituary 


T. D. Lysenko 


Ir ıs a paradox that Trofim Lysenko, 
who died at the age of 78 on November 
20, 1976, was for 30 years the best 
known spokesman for communist 
science both inside and outside Russia. 
For he was not a member of the Com- 
muñist Party, he was hardly a scientist, 
and of course he never left Russia. It 
was his part in the fluctuating relations 
of successive heads of the Soviet 
Government with science and with agri- 
culture in the Soviet Union that 
aroused this world-wide interest. 

What first brought Lysenko to notice 
was his claim in 1930, based on his 
work at a Ukrainian plant breeding 
Station, that pretreatment of grain 
would enable Russian farmers to sow 
winter wheat in spring and thus to reap 
an increased harvest. This claim, made 
in the year of Stalin’s ‘great break’, 
was soon linked with wider generalisa- 
tions. 

It was said that such treatments 
would change heredity, displacing the 
slow methods of orthodox plant breed- 
ing. Hence they would revolutionise 
both the practices of agriculture and 
the theories of biology. For sceptical 
observers it was not clear whether these 
claims,were based on scientific experi- 
ment or philosophic expectation. But it 
was believed that they were the result 
of collaboration with a Marxist mentor. 
Professor I. 1. Prezent, who for long 
remained in the background. Neverthe- 
less, first scientific and then „political 
journals in Russia began to discuss 
them. Eventually the newspaper Pravda 
and the whole Soviet press was seen 
to be accepting the evidence and pro- 
pagating the arguments of Lysenko. 
lhe demand arose for a public discus- 
sion of the relative merits of Western 
idealistic bourgeois genetics and the 
new practical materialistic and Marxist 
science. 

At this point other branches of the 
Government stepped in. An Inter- 
national Congress on Genetics which 
was being arranged in Moscow for 
1937 by N. L. Vavilov, the President 
of the Lenin Academy of Agricultural 
Sciences, was ordered to be postponed. 
In its place a debate was arranged 
before a purely Russian and largely 
agricultural afidience. Here the geneti- 
cists were allowed to defend themselves 
and there was a serious argument, But 
by this time Stalin’s purges were in full 
swing and when the great man ‘himself 
appeared on the platform and inter- 
vened to exclaim “Bravo, Comrade 


© London Camera Press 





Lysenko” it was obvious ow the argu- 
ment would be settled. 


Vavilov had been removed from 
some of his offices before the meeting. 
After it was over the leading geneti- 
cists, one by one, disappeared. Those 
who were members of the Party were 
shot. Vavilov himself was not arrested 
until 1940. He was then sentenced to 
death as a British spy (having been e 
frequent visitor to Britain). He was 
reprieved but later died in prison. 
Lysenko towk over his chief posts and 
these he @ontinued to hold for twenty- 
five years. 

News of what had happened leaked 
out of Russia only after the war. By 
1946 critics in Britain and the United 
States were beginning to make sersous 
charges. Lysenko and the Soviet 
Government were accused of collusion 
in scientific fraud and political murder. 
Lysenko’s second active phase then 
began. He denounced the critics abroad, 
and any who might support them at 
home. as enemies of the people. 

fo make it clear what this meant, a 
second debate was now arranged. The 
battle lines were laid down in advance. 
On the Marxist and Leninist principles 
of struggle and partisanship, two biolo- 
gies were seen to be implacably 
opposed. On one side was Lysenko’s 
own science, honest, creative and 
revSlutionary, marxist and materialist. 
proletarian and patriotic. On the other 
side were the false and futile works of 
the Mendelist-Morganist Weismannists 
who were hardly human and almost 
entirely foreign. 

he meeting took place in August 
1948. Again it was at a time of crisis, 
the battle over Berlin. A few surviving 
supporters of genetics were allowed to 
speak, heckled and ridiculed from the 
oor. Lysenko’s followers filled the 
hall. They also filled the pages of the 
proceedings with long citations from 
Marxist authorities. What gheir state- 


ments amounted to in a positive sense 
Was simple but comprehensive. It was 
the assertion that the inheritance of 
acquired characters must be the basis 
of all plant and animal improvement. 
From this immense generalisation only 
man was excluded, eugenics and 
medical genetics having been abolished 
in the 1930s. In a negative sense there 
was another conclusion which could 
also be put in a nutshell. As Lysenko 
said: “No efforts of the advocates of 
the chromosome theory of heredity... 
to lend their theory a materialistic 
appearance can change the character 
of the theory which is essentially 
idealistic” (Applause). The obstinate 
material character of the chromosomes 
and heredity, which had been unknown 
to Marx, was thus shown never to have 
existed. 

The climax of the meeting came 
when Lysenko announced that his 
report had been examined and as was 
to bee expected, approved, by the 
Central Committee of the Party 
(‘Stormy Applause, Ovation, All Rise). 
After Stalin’s death Lysenko added the 
footnote that his patron had most 
diligently edited the report before 
approving it. Well he might, for the 
631 pages of the Proceedings translated 
into many languages were ordered to 
be circulated in well-bound editions at 
home and abroad. 

At the end of the meeting three pro- 
fessors of genetics admitted their errors 
and promised to follow Lysenko’s 
guidance in future. Those whose 
honesty and courage forbade submission 
were degraded and dispersed. By a 
series of decfees all teaching and re- 
search in genetics, agricultural or 
medical, was suppressed. Books were 
destroyed, type broken up and libraries 
purged throughout the Soviet Union. 
There followed a period of idolisation 
of Lysenko. He was now a Hego of 
Socialist Labour with nine Orders of 
Lenin. His statue appeared in public 
places and the State Chorus sang his 
praises, 

Lysenko’s career, so far, had been 
sustained by a stream of prqjects, like 
his first proposal, to parallel the work 
of collectivisation in  revolutionising 
Soviet agriculture. Vernalisation of 
wheat was followed by inherited vernal- 
isation. Hybridisation within varieties 
was followed by pollination without 
hybridisation @nd hybridisation without 
pollinatién, Summer potatoes in the 
North were followed by spring wheat 
in Siberia; by a rour de force wheat 
became rye and by love-marriages 
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extraordinary "fruit hybrids became 
fertile, while under the master’s Hand 
a hazel sprouted from a hornbeam.. 
During Stalin’s lifetime the succes- 
sion of claims was too rapid to dis- 
prove and too dangergus to contradict. 
But when he died critics raised their 
heads. And when Khrushchev, three 
years later, announced a thaw, they 
dared to open their mouths. The fact 
that none of Lysenko’s claims had ever 
been vindicated might now, it seemed, 
prove to be his undoing. But matters 
of state are not to be so easily disen- 


tangled. AS can happen even in a 
free world the industries of com- 
munication and education were now 


implicated with the establishment in a 
general deception. They were also in- 
filtrated by the secret police. What was 
worse, it turned out that the successor, 
Khrushchev himself, liked Lysenko; 
not as Stalin did, for his theory but for 
his earthy language and proverbial 
wisdom, 

So it was that Lysenko enjoyed one 
last spell of power. The virgin lands 
of Kazakhstan and the novel possibili- 
ties of cattle breeding offered him new 
fields to conquer. The two men°em- 
barked on these ventures in partnership 
and their failureeseems to haye con- 
tributed to the downfall of both. For 
Zhores Medvedev’s exposure of this 
failure in Samizdat led to his confine- 
ment in a psychiatric clinic. But it had 
been known to the Praesidium before it 
deposed Khrushchev on October 14, 
1964. The customary newspaper came 
paign followed. But now, for the first 
time, it was turned against Lysenko. 
He was dismissed as head of the 
Academy’s Institute of Genetics on 
February 1, 1965. And the Institute 
itself (not for the first time) was 
dissolved. 

News of these developments was re- 
leased abroad. But the Russian public 
were only by rumour allowed to per- 
celve that a great pillar of the state 
had somehow been withdrawn: and to 
feel that two systems of belief, abandon- 
ing the struggle to the death, were to 
be allowed to shake down together. 
When summer arrived, sure enough, 
the Academy in Moscow was allowed 
to celebrate the centenary of Mendels 
paper and to dispatch to Brno in 
Czechoslovakia seventy geneticists, the 
largest of all delegations, to lay a 
wreath on the Abbot’s monument. 

Thus everything, it seemed, could 
now be amicably and democratically 
arranged, Lysenko, for his part. could 
remain a member of three academies. 
He could keep his titles and pension, 
his following of university professors, 
his journal regularly published and his 
Experiment Farn? in the Letin Hills. 
And the grateful geneticists were free 
to pick up what they could, first in 
medical, then in animal, and ultimately 


in plant genetics, from the ruins that 
Lysenko had left them. Meanwhile the 
Government could forget that it had 
ever interfered in these academic 
matters. 

Outside Russia, however, the damage 
that had been done to the relations 
between scientists and communism 
could never be repaired. The view of 
communism as meaning the liberation 
of science, held in the 1920s had been 
turned. inside out. With this painful 
reservation, inside Russia, it is a hope- 
ful sign that the restored geneticists are 
proposing to hold in Moscow in August 
1977 the International Congress on 
Genetics so tragically abandoned forty 
years ago. The history, the theory, and 
che philosophy of genetics are not 
among the 35 headings proposed for 
discussion. But, no doubt, the names 
of th® men whom Lysenko destroyed 
will be discreetly remembered. 

One more guestion should be asked: 
was Lysenko a charlatan? It is an im- 
portant question because fraud is 
always, and in all countries, bound 
to collect in the wide fringes of science. 
He was obviously ill-educated, quite 
shallow, very cunning and a little de- 
ranged. As Vavilov put it, privately, he 
was “an angry man” of a kind we all 
know. And he found his anger brought 
him great rewards. On the other hand, 
his followers were far from angry. 
They had calculated the rewards that a 
corrupt system had to-eoffer ¢hem. 

It remains to say that the world of 
science owes a debt to three bodies of 
men in connection with Lysenko. There 
were those like Vavilov who died in 
fulglling their duty. There are those 
like Andrei Sakharov and Zhores Med- 
vedev who resisted and survived. And 
there are those devoted scholars out- 
side Russia. notably David Joravsky 
and Loren Graham, who have enabled 
us now to understand so much of what 
happened. C. D. Darlington 


S. B. Pessoa 


THe peatu of Professor Samuel 
Barnsley Pessôa, removed the grand 
master of parasitology from Latin 
America, a region where the subject 
ha flourished vigorously throughout 
this century. His predecessors in Btazil 
included H. de Beaupaire Aragão, 
Carlos Chagas, H. da Rocha Lima and 
Oswaldo Cruz. Pesséa himself founded 
a school of workers who have pene- 
trated into all corners of South and 
Middle America. The training of the 
first generation stemmed from their 
close association with German, French 
and Italian scientists either directly in 
the New World or during their own 
visits to Europe in pre-world war days. 
Pessda’s monumental book, Parasito- 
logia Adédica, has gone through many 
editions and is in constant use_ in 
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Portuguese and Spanish speaking 
countries, å 

Pessôa was born in São Paulo on 
June 4, 1898, the son of Leonel Pessôa 
and Anna Barnsley, who was of English 
descent. He spent the greater part of 
his life in Sdo Paulo, and died there on 
September 3, 1976. 

After quahfying in medicine, he 
entered in 1925 the General Pro- 
phylactic Service of the State of São 
Paulo as an experimental officer 
attached to the Institute of Hygiene. 
His work took him far afield and he 
quickly became acquainted with the 
severe sanitary problems of the rural 
areas as well as those of the city. The 
distress and poverty of so much of the 
population transformed him into an 
ardent fighter for the abolition of the 
system, which accepted this situation 
with equanimity, and his ideas became 
increasingly revolutionary. 

His abilities were quickly recognised 
both in the academic and in adminis- 
trative fields: he was appointed to a 
Chair in the Faculty of Medicine of the 
University of São Paulo in 1931 and 
was later made Director General of 
Health. In the latter role he entirely 
re-organised the service by starting 
large scale campaigns against endemic 
diseases and initiating research projects. 
He took an active part in the latter 
and made many original contributions 
notably in  muco-cutaneous leishman- 
jasis, trachoma and schistosomiasis. His 
observations on espundia and on the 
transmission of this form of leishman- 
iasis were fundamental. He studjed the 
epidemiology of Chagas’ disease and 
disentangled some of the problems of 
the cardiac complications and other 
phenomena of mega’. 

Pessda’s reputation was so great that 
he was appointed to numerous chairs 
throughout Brazil and even in his last 
years, he was still commuting between 
different universities from one end (e.g. 
Goiás) of Brazil to the other (e.g. Santa 
Catarina). Pesséa never hesitated to 
express his views and he was often 
threatened with prison or dismissal. In 
the last 15 or 20 vears of his life, he 
became entranced by the parasitic 
protozoa of snakes and lizards, working 
both at the Institute of Butantan and 
in the field on these parasites, which 
had always attracted Brazilian scientists; 
he disclosed many new species and 
methods of transmission by leeches and 
other invertebrates, 

Pessôa was a colourful character, 
always welcome in international gather- 
ings, where his astute and original mind 
was much appreciated. But above all, 
he was revered by his past pupils who 
could count both on his loyalty and 
protection during trials and persecu- 
tions, 4nd invaluable advice regarding 
their scientific problems. 

P. C. C. Garnham 
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For the city and for ‘the world . 


PROFESSOR Daniel Bell of Harvard and sabbatically at 
the London School of Economics was lecturing last 
week at the United States Embassy in London on social 
institutions in post-industrial society. It was Daniel 
Bell, of course, who all but invented the term ‘post- 
industrial society’ and who has written extensively on 
the subject of a world in which knowledge is the major 
resource. He contends that the scale of many of our 
institutions (in tune, perhaps, with earlier days in which 
the major resource was land or machinery) ,is not 
necessarily in very good register with the sort of 
demands that will be made in a post-industrial society. 
An organisation that is co-extensive with a nation or 
a state may be too large for some purposes, too small 
for others. 

In Professor Bells, The Coming of Post-Industrial 
Society (Heinemann, 1974) it was the scientists and the 
somewhat quaintly labelled ‘research men’ who would 
become the dominant figures*where the landowners, the 
military and, more recently, the businessmen had once 
been. It follows, then, that the scale of organisations 
which sponsor, stimulate, monitor or control science is 
as much in question as in the scale of other social and 
economic institutions, Is there such a thing as a right 
size for administering science? This question has been 
raised recently in Scotland, as Martin Goldman 
remarked in last week’s Nature (page 208), but it is not 
simply one of being ineffective if below some supposed 
critical mass; on the contrary it may be that the United 
States, Britain, Scotland, even the Greater London 
Council are too big for some purposes. 

At this small end of the spectrum the local problem 
with a scientific content has frequently been sadly 
neglected. Polytechnics do what they can within the 
heavy teaching load, but universities rarely have much 
sense of springing from the local community, the 
academic staff are unlikely to be of local origin and 
the administration is likely to be more worried by the 
changing scene in the capital city than in the local town 
hall. As a result, peculiarly local questions of health, 
environment, resources and stimulation of enterprise 
are frequently passed over; besides, scientists are 


rewarded more fame than fortune, and you don’t 
get many people receiving wide acclaim for solving a 
problem at the local quarry or sewage works. There 
seems to be a whole rarfge of scientific questions on this 
small scale needing small institutions to initiate them. 

But, some will argue, if we are weak at the small 
scale, we are tat least capable of operating, when 
needed, at the supranational level. Look at CERN 
IPOD, ESA, ILL; all institutions which work quite well 
on an international basis. Certainly scientists, when the 
financial pressure is on, find little difficulty in sinking 
national differences. This is hardly surprising since 
scientific knowledge, of necessity, transcends national 
frontiers. But what is surprising is that this great inter- 
national spirst has still made precious little impact at 
the science policy level. One example would be in the 
field of medical research. Every developed country must 
be seen to be funding a coherent programme to fight 
cancer just as it must have its own airline. The health 
problems of the developing world, arguably much more 
pressing than those of the developed world, receive a 
few per cent of our attention and yet we know full 
well that developing countries are unlikely to have the 
resources to support adequate research themselves. 

There have, of course, been tentative efforts towards 
regional science policies and talk by individuals of 
something resembling a global science policy, but as yet 
the power amd pride of nations has not allowed much 
progress along a direction which is going to cut across 
a lot of autonomies and cosy relationships. Maybe 
pressure in this direction will eventually come from the 
financial problems of supporting extensive , national 
scientific programmes. One would hope, however, that 
pressure might come from scientists themselves for 
international decision-making and international pro- 
grammes over a very wide range of disciplines. 

Daniel Bell’s challenge is this: to ensure, as know- 
ledge becomes the major resouree, that it is sought in 
the areas where there is greatest need And is distributed 
fairly and rapidly. We would do well to ponder whether 
our present institutions are best organised for this 
task. o $ O 
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A fair exchange? 


Philip Hanson assesses the balance in 
the East-West transfer of technology - 


bi a technological relations between 
the West and the Soviet bloc are 
curious. The United States and the 
Soviet Union spend huge sums on 
military R&D, primarily to maintain 
their abilities to blow one another to 
pieces. Yet at the same time Western 
businessmen are eagerly selling know- 
how and high-technology products to 
the USSR and Eastern Europe; and 
there is also a certain commercial flow 
of t&hnology—of more modest dimen- 
sions—from East to West. 

These transactions, of course, are in 
principle restricted by strategic em- 
bargoes to non-military purposes; yet 
the technologies transferred quite often 
originate from military R&D. In any 
case the civilian—military distinction is 
somewhat artificial: in the long run 
any new technology that makes the 
civilian economy more productive 
makes it easier to enlarge the resources 
allocated to the military. Amd even 
if there were no military considera- 
tions, economic competition between 
communist and capitalist countries is 
part of their general competition for 
power and influence, and so much 
technical assistance among competitors 
—even at a pric®—is at first sight 
rather odd. Altogether it is not surpris- 
ing that East-West technology transfer 
is politically controversial. 

The recent growth of Soviet—US 
trade, in particular, has prompted 
economists to look more closely than 
before at East-West technological 
relations. They have focused, naturally 
enough on commercial transactions. 
Obviously there are many ways in 
which knowledge about new products 


and processes travels from West to 
East without any commercial €x- 
change, but these are not discussed 


much because most of them are not 
amenable to control by governments. 
The screening of Western technical 
literature by Soviet specialists, for 
example, and the gleaning of informa- 
tion from visits and conferances are 


beyond the influence of all but the 
most provocative action by govern- 
ments. 


East-West trade, however, provides 
a number of channels of technology 
transfer: notably, the sale of products 
embodying new technology; turnkey 
projects; licencing; know-how sales; 
and technical agsistanée and training. 
Some of these transactions simply 
provide cost-saving machinery And 
other products (for example wide- 
diameter pipe for gas pipelines) with- 


out transmitting the know-how to 
make the product in question. Other 
transactions, however, such as licence 
deals with technical assistance, or joint 


design work, may transfer such 
capabilities. 

An interesting example is the 
Pullman-Swindell contribution to the 


huge foundry complex at the Soviet 
Kama River lorry works. Over a period 
of three years a total of more than 150 
Soviet engineers worked with Pullman- 
Swindell on the detailed deSign and 
equipment ordering. The knowledge 
they acquired must have been consider- 
able. How efar it would enable the 
Russians to repeat the exercise for 
themselves probably depends op the 
extent to which these particular en- 
gineers can be kept together as a 
design team. 

Most Western governments subsidise 
export credit as they compete against 
one another to promote exports and 
hey thus ease the terms on which tech- 
nology is transferred. Is this really in 
the interests of the West as,a whole? 
Would it be wiser not ft encourage 
such transfers, or ‘even ^to restrict 
them? What is or is not wise in this 
context is largely a matter of political 
judgment: in other words, nobody 
really knows. The economics of East- 
West technology transfer, however, 
are more susceptible to measurement, 
and a good deal of measurement has 
accordingly been going on. The aim is 
to quantify the economic costs and 
benefits to Western and Soviet-bloc 
countries of transactions by which 
technology is transferred. 

The starting point is the well 
established fact that in most fields 
Soviet and East European civilian pro- 
duction lags technically well behind 
that of the West even though these 
countries maintain large R&D estab- 
lisghments and are strong in many 
areas of basic research. Heavy military 
priorities, semi-isolation from Western 
technology and the lack of competitive 
pressures and incentives, however, 
have resulted in a generally poor per- 
formance in the creation and diffusion 
of new technologies. They therefore 
stand to gain a good deal from the 
acquisition of Western know-how. 

Clearly Western firms also gain from 
selling this know-how. A recent survey 
of 168 US firms selling to the USSR 
found—in contrast to what some 
economists had predicted—that about 
three-quarters of them considered their 
activities do be profitable. The position 
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West—East: Fiats USSR showroom 


of West European firms, who have had 
more experience of dealing with the 
Russians, is probably more favourable. 

The transfer that is going on, 
whether by means of product or of 
know-how sales, is predominantly of 
proven technology. In electronics, for 
example, Western firms quite often sell 
their latest products or the know-how 
to manufacture their less advanced 
products, but they seldom transfer the 
know-how to manufacture their latest 
products—let alone those currently 
under development. There is also, in 
the case of the Soviet Union, evidence 
that absorption and utilisation of im- 
ported technology is slow by Western 
standards. As a result, there is so far 
no very obvidus narrowing of East 
West technology gaps as a result of 
transfer. 

Western firms, in other words, have 
not gone into Eastern markets in order 
to establish Eastern competitors for 
themselves. It is rather odd that any- 
one should ever have expected them 
to. Since they could not set up wholly- 
or majority-owned subsidiaries in any 
Comecon country, they have mostly 
been careful to hand over technology 
in measured doses: in products, in 
licence deals subject to market restric- 
tions. and so on. More than a hundred 
companies, mostly big multinationals, 
have signed technological cooperation 
agreements with the Soviet State Com- 
mittee for Science and Technology, but 
exchanges of information under many 
of these agreements have been 
minimal. 

° 
Production benefit 
There is a good deal more, however, 
to the economics of East-West tech- 
nology transfer than the question of its 
commercial profitability. Much of the 
debate in the West concerns the im- 
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pact of imported Western technology 
on Soviet production? and this raises 
some quite different questions. To be- 
gin with, there is the question whether 
imports of Western technology are 
really of more than marginal import- 
ance to the Soviet economy. The USSR 
has traditionally been highly self- 
sufficient. Only a very small percentage 
of its consumption and investment 
needs are met by imports. Less than 
half of these imports, moreover, have 
been from the West, and of this, capi- 
tal goods—the main vehicle of inter- 
national technology — transfer—have 
generally comprised about a third. 
This means that in 1976, for example, 
imported Western machinery was al- 
most certainly not more than 6% by 
value of total machinery installed. 
(The large differences between Soviet 
domestic prices and the prices of im- 
ports make precise comparison imposs- 
ible.) 

At first sight, this suggests that im- 
ported Western technology cannot have 
more than a very minor effect on 
Soviet output. If the growth of pro- 
duction depends on the growth of the 
labour force, the growth of the capital 
stock and technical change, then the 
technical change embodied in a very 
tiny part of the increment in the capi- 
tal stock must surely make only a tiny 
contribution to that growth. 

This need not follow, however, if 
the technology embodied in the impor- 
ted machinery has significant indirect, 
as well as direct, effects. The direct 
effect of the imported technology is 
the extra output attributable to it, over 
and above what would have been pro- 
duced with the same resources of capi- 
tal and labour with the technologies 
already in use inside the couhtry. But 
this same technology will also have in- 





East-West: exporting machine tools 


direct effects insofar as it is success- 
fully diffused (for example by building 
Soviet machinery to the same design) 
and insofar as it enables improved 
producer goods (such as compound 
fertilisers) to be made which themselves 
raise productivity in other lines of 
production. 

Soviet machinery and know-how 
imports have been strongly concen- 
trated in certain fields: the main re- 
cipients have been the chemical 
industry, the motor industry, com- 
puterisation, shipping, and oil and gas 
pipeline transport. The planners have 
identified areas where there was a con- 
siderable technology lag: in other 
words, areas where the direct and in- 
direct impact of technology would be 
considérable. The production of fertili- 
sers and pesticides is an example: the 
backwardness of both the Soviet 
chemical industry and Soviet agricul- 
ture promised high returns to hard- 
curgency spending on imported tech- 
nology. 

Some recent estimates suggest that 
the returns have indeed been high. 
One tentative estimate for the mineral 
fertiliser industry is that by 1975 the 
technology embodied in about $2,000 
million worth of installed Westeftn 
equipment was yielding, directly and 
indirectly, some $4,000 million worth 
of extra agricultural output per annum, 
over and above what the same re- 
sources would have produced in the 
absence of the imported technology. 
Part of the gain came from the diffu- 
sion of Western phosphoric acid and 
compound fertiliser technology to 
Soviet built plants. 

A global estimate has been derived 
from an econometric model of the 
Soviet economy. The conclusion in this 
case was that, of an overall increase in 
Soviet industrial output of 32.1% be- 
between 1968 and 1973, 2.5% could be 
attributed to an acceleration of the im- 
port of Western machinery over that 
period. The acceleration was such that 
the stock of installed Western machin- 
ery was about a fifth higher in 1973 
than it would have been if the rate of 
growth of imports had remained® un- 
changed. Like the estimate for the 
mineral fertiliser industry, this entails 
a very high rate of return. 

On the other side of the scale, the 
contribution of East-West technology 
transfer to Western GNP is very small 
indeed. The Soviet Union has probably 
made slightly over 200 licence sales to 
Western firms in recent years, mostly 
unaccompanied by machinery, and 
often requiring development and adap- 
tation in the West. And the employ- 
ment associated with Western capital- 
goods sales to the Soviet bloc is 
probably less than 0.5% gf total em- 
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ployment in most OECD countries. 

According to the conventional wis- 
dom, Western governments should not 
worry unduly about all this because 
the Soviet economic system is rela- 
tively poor at uSing and diffusing new 
technology, and this fundamental lack 
of technological dynamism will keep 
he level of Soviet civilian technology 
generally below that of the West, even 
if the import of Western technology 
and know-how continues to grow 
strongly. 


One way street 

This may well be so. But if the two 
estimates just described are anywhere 
near correct they put this conventional 
wisdom in a somewhat changed per- 
spective. They suggest that, while the 
Soviet economic system may be slower 
than Western economies in using and 
diffusing new technologies, it nonethe- 
less does get a fair mileage out of im- 
ported technology. Where there is a 


e particularly large backlog to be ex- 


ploited, the impact on production can 
be dramatic. 

This means that those who see East- 
West technology transfer as a ‘one- 
way Séreet’, in whieh the benefits go 
mainly from West to East, have a 
serious case. It may be true that im- 
ported Western technology is not 
enabling the USSR to catch up and 
overtake the West in areas of advanced 
technology, but it is probably making a 

*significant confribution to Soviet 
productivity levels, and thus reducing 
the pressure on Soviet policymakers to 
divert resources from military to 
civilian purposes. 

Similarly, the firms selling the tech- 
nology are no doubt doing so on com- 
mercially acceptable terms. On the 
other hand they are generally com- 
peting with one another to extract extra 
revenue froth products and processes 
whose development costs have already 
been written off; they are therefore 
unlikely to charge prices that would 
come close to reflecting either the cost 
to the Soviet-bloc purchaser of repli- 
cating the development work for him- 
self or his gains in output from using 
the technology. 

The balance of economic advantage, 
then, !9 East-West trade in machinery 
and know-how seems to be strongly in 
the Soviet bloc’s favour. From a con- 
ventional Western point of view this 
is not a welcome conclusion. Further 
evidence might possibly alter it, or it 
might be made more palatable by clear 
indications that the growth of East- 
West trade was linked with political 
advantage for the West. If not, a rather 
awkward question arises: is there any- 
thing much that Western governments 
can dọ about it? O 
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After the carrot, 





Colin Norman reports from Washing- 
ton on the moves to introduce legisla- 
tion to control recombinant DNM 
research in the United States 


JUST two years ago, at the now famous 
Asilomar Conference, a group of 
scientists was discussing a set of pro- 
posed guidelines for experiments 
involving the powerful new recom- 
binant DNA genetic engineering tech- 
nology Joshua, Lederberg, a Nobel 
Prizewinner from Stanford who had 
been sounding ominous warnings 
about threats to free scientifié inquiry, 
gloomily told his colleagues that there 
was “fa graver likelihood of (these pro- 
posals) crystallising into legislation 
than some of us would like to think” 


That likelihood is now a virtual cer-* 


tainty. 

Last week, the health subcommittee 
of the House of Representatives held 
three days of intense public hearings 
to examine a nifmber of bills* includ- 
ing one proposed by the subcommittee 
chairman Paul Rogers, which seek to 
regulate all recombinant DNA experi- 
ments in the United States. Next 
week, the House subcommittee on 
Science, Research and Technology will 
begin its own set of hearings. On April 
6, the Senate health subcommittee, 
chaired by Senator Edward Kennedy, 
will hold a hearing to ‘discuss various 


A committee of government officials, 
representing 16 federal agencies, last 
week urged the Carter Administration to 
draft legislation to control all recombin- 
ant DNA research in the United States, 
and the committee sketched out the chief 
elements which ıt belieVes should be in- 
cluded ın such a bill. As soon as the 
committee’s report landed on his desk, 
the Secretary of Health, Education and 
Welfare (HEW), Joseph A. Califano, 
announced that his department would 
romptly transcribe the recommendations 
into formal legislation, noting that “such 
a measure is necessary not Just to safe- 
guard the public but also to assure the 
continuation of basic research in this 
vital scientific area”. 

The bill 1s expected to be ready early 
in April, when it will be suBmitted to 
Congress with an endorsement from the 
White *House. It is likely to be particu- 
larly influential as Congress grapples 
during the next few weeks with the 
complex problem of how recombinant 
DNA research should be regulated. 

The inte-agency committee, chaired by 
Donald Fredrickson, Director of the 
National Institutes of Health (NIH), be- 
gan last November 40 seek ways to 
extend NIH’s own recombinant DNA 
guidelines to cover experiments sup- 
ease by other government agencies*and 
y private industry. Though other 
agencies have since adopted, the NIH 
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legislative proposals already introduced 
into the Senate, and Kennedy will 
probably subsequently offer a bill of his 
own. And legislation which will soon 
be proposed by the Carter Administra- 
tion is now taking shape (see below) 

Thus, what Lederberg correctly per- 
ceived as an inexorable march toward 
federal legislation is now entering the 
home stretch lt will take several weeks, 
perhaps months, for a final bill to 
emerge from Congress, however, and 
the debate is likely to turn on a rela- 
tively small number of issues. 

First, it should be noted that Con- 
gress*is unlikely to try to rewrite the 
guidelines issued last year by the 
Nationa! Institutes of Health (NIH). 
Though it is possible that some legi- 
slators will offer proposals to ban 
the research entirely—Represerfative 
Richard Ottinger said at last week’s 
hearings, for example, that he is con- 
sidering offering a bill declaring a 
moratorium and calling for an inter- 
national meeting to develop a better 
understanding of the hazards—it 1s 
unlikely that such a move would suc- 
ceed. . 

The most probable outeome is that 
Congress will direct ‘the Sécretary of 
Health, Education and Welfare (HEW) 
to develop regulations based on the 
NIH guidelines Both the Rogers bill 
and the Administration’s draft bill 
take that approach, and Kennedy said 


guidelines, the committee decided that 
new legislation is needed to ensure com- 
pliance by everybody conducting recom- 
binant DNA experiments ın the USA 

The committee consequently recom- 
mended that the Admunistration’s bill 
should contain the following provisions. 
The Secretary of HEW should issue 
regulations based on the NIH guide- 
lines, “with such clarifications and 
modifications as the Secretary determines 
to be necessary” All recombinant DNA 
experiments should be conducted at 
facilities licenced by HEW, the licence 
being issued only when the Secretary is 
satisfied that the facility will be operated 
in accordance with the regulations, Re- 
searchers would have to register their 
experiments with HEW. The committee 
suggests, however, that the Secretary 
could exempt from licencing and 
registration requirements “‘categories of 
activities which he determines pose no 
unreasonable risk to health or the en- 
vironment” 

To ensure that the regulations are 
being followed, HEW would have the 
authority to inspect facilities, conduct 
environmental and health monitoring, 
and require that reports and records be 
kept. The Secretary would have power to 
halt experiments if necessary, and viola- 
tions of the regulations could incur loss of 
a facility’s licence. In the event of injury 
to people or the environment, actions 


in a statement last week that “we must 
assure sufficient and meaningful in- 
volvement of laymen and the general 
public in .the formulation of regula- 
tions by the Secretary”, thus indicating 
that he is likely to support that 
approach as well. 

A second point to note is that the 
final regulations wil apply equally to 
research sufported by public and pri- 
vate funds, and that the legislation will 
establish a mechanism by which the 
controls can be enforced. Those. two 
elements are missing from the NIH 
guidelines, dnd the need to extend and 
enforce the guidelines is largely res- 
ponsible for the momentum now 
behind the development of federal 
legislation 

The coming Congressional debate is 
thus likely to centre on four areas: 


@ The extent to which the federal 
regulations will override state and local 
controls. Many scientists who were 
once opposed to federal legislation 
now support it because several state 
and local governments, led by the 
City of Cambridge, are developing their 
own controls on recombinant DNA 
experiments, thus raising the possi- 
bility that a patchwork of regulations 
of varying strictness will be adopted 
throughout the United States Most 
scientists are consequently hoping that 
federa! regulations will specifically 
prohibit local governments from setting 
their own controls on the research. 
The Administration’s draft bill would 


a 
and damages would fall under state and 
local laws. 

The cgmmittee suggests that all reports 
submitted to HEW bv experimenters and 
officials in research facilities should be 
made available to the public on request, 
except for information likely to cause 
loss of prometary rights Before informa- 
uon is eland. researchers would be 
able to identify material which they 
beheve should be kept confidential, but 
the final decision on disclosure should 
rest with the Secretary of HEW. 

In what may turn out to be one of its 
most controversial recommendations, the 
committee suggests that federal legisla- 
tion should specifically pre-empt all state 
and local regulations regarding recom- 
binant DNA research The only excep- 
tion would be if a state passes a law 
imposing requirements identical to those 
contained in the federal legislation, the 
Secretary of HEW could enter into an 
agreement with the state to carry out the 
inspection, monitoring and enforcement 
responsibilities. In other words, such a 
clause would rule out the setting of state 
and local controls of varying stringencv. 

Finally. the committee recommends 
that the legislation should contain pro- 
visiohs protecting the rights of employees 
who blow the whistle on their superiors, 
and it also suggests that the legislation 
should lapse after five years unless 
further action is taken by the Congress 
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indeed pre-empt local moves, though it 
would allow the Secretary of HEW to 
enter into agreements with state 
governments under which local agen- 
cies would enforce the federal regula- 
tions. The Rogers bill, however, would 
allow the Secretary of HEW to approve 
state regulations which are at least as 
strict as the federal controls, and 
Kennedy said last week that “we must 
carefully assess the wisdom of totally 
pre-empting state andelocal laws 
regulating the recombinant DNA 
research and applications given our 
concern to assure the involvement of 
the “general public in these issues”. 
The crux of the issue, is how the 
federal government can ensure the 
adoption of uniform regulations with- 
out throttling public debate and with- 
out cutting off legitimate community 
interest in what universities are up to. 


© The nature of registration and licenc- 
ing schemes. It is likely that the final 
version of the legislation will estab- 
lish a mechanism through which 
researchers or research facilities would 
be licenced and research projects 
would be registered with the federal 
government. There is a significant 
difference in approach between the 
Admiunistration’s draft bill and the 
Rogers bill, however, and it is not 
clear which approach. will prevail. 

The Administration’s draft bill, in 
short, would require that facilities 
housing recombinant DNA experi- 
ments be licenced by HEW and that 
individual research projects. would 
simply have to be registered with 
HEW. The Rogers bill, on the other 
hand, would require researchers them- 
selves to obtain licences from HEW 
before embarking on any recombinant 
DNA project, and the licence applica- 
tion would specify the nature of the 
project and the safeguards to be 
employed. The difference between the 
two approaches represents a very 
significant difference in the focus of 
control and the complexity of the 
licencing process. Kennedy has so far 
made no statement on that aspect of 
the legislation. 


© The extent to which proprietary in- 
formation can be protected from public 
disclosure. There is a clash of interests 
between the need on the one hand to 
provide full public information on 
recombinant DNA experiments and 
the need on the other hand to protect 
proprietary information from public 
disclosure. That dichotomy is sure to 
generate a good deal of Congressional 
debate. The Administration’s draft bill 
and the Rogers bill deal with public dis- 
closure in slightly differente ways, 
though both leave to the Secretary of 
HEW the ultimate decision on what 
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NIH grants: OK, but .:. 


AFTER a two-year study of the 
system used by the National Insti- 
tutes of Health (NIH) to parcel out 
more than $1,400 million a year in 
research «grants, an internal NIH 
committee has concluded that the 
system is working well, but would 
benefit from a few changes. 
NIH now handles about 15,000 
grant applications a year, and funds 
less than a third of them. They are 
reviewed first by a study group 
consisting of a number of scientists 
working in related fields, which rates 
the proposal according to its scien- 
tific merit and which takes into 
account such considerations as the 
track record of the applicant. The 
proposal, together with thee study 
group’s rating, is then passed along 
to the advisory council of the Insti- 
tute to which the application has 
been referred. The council goes into 
sufh matters as whether the proposal 
fits in with the priorities of the Insti- 
tute, and it recommends whether or 
not the grant proposal should be 
funded. The final decision is made 
by NIH officials. Clearly, the most 
influential stage of the review is the 
initial evaluation of the study 
group. | 

At present, study groups meet be- 
hind closed doors and their recom- 
mendations are exempt from general 
public disclosure. The committee has 
recommended that the groups con- 
tinue to deliberate in private, but it 
has suggested that the groups’ gon- 
clusions and recommendations rou- 
tinely be communicated to grant 


information should be made public. 
The Rogers bill essentially requires the 
Secretary of HEW to publish in the 
Federal Register details of research 


projects for which he has issued 
licences, though he would simply 
exempt from disclosure proprietary 


information. The bill under considera- 
tion by the Administration, however, 
would require the Secretary of HEW 
to nake information public only on 
request and after the researcher in- 
volved is given a chance to object if 
he believes that disclosure would 
jeopardise commercial interests. 


© The nature of sanctions if violations 
are discovered. It is likely that the 
legislation which will eventually emerge 


from Congress will empower HEW to 


inspect facilities, and require reports, 
health monitoring and so on. The 
legislation is likely to give the Sec- 


retary of HEW the power to revoke 


licences if violations of the regulations 
+ 


+ 
applicants as soon as the Institute’s 
Advisory Committee has completed 
its review. 

On the questiôn of confidentiality, 
the committee has also expressed 
concern about the fact that grant | 
proposals, once they are funded, 
must be made available to the public, | 
on request, under the Freedom of 
Information. Act. The committee | 
urges passage of legislation protect- 
ing grant proposals from public 
disclosure. 

As for the support of unorthodox 
research, some concern has been 
expressed that the peer review system 
favours traditional, conservative re- 
search at the expense of creative, un- 
orthodox research. The committee 
therefore suggests that applicants 
identify innovative aspects of their 
research proposals. It also suggests 
that the study groups prepare a 
statement pointing out the innovative 
aspects of a grant application. 

Finally, the committee recom- 
merfds that a formal appeals system 
be established in NIH through which 
applicants can appeal] the assignment 
of their proposals. It suggests that an 
ombudsman be appointed to adjudi- 
cate disputes over the handling of 
grant proposals, and that a Per- 
manent Grants Peer Review Appeals 
Board be established under the chair- 
enanship of the ambudsman. 

The committee’s recommendations 
are now being considered by the NIH 
Director, Donald Fredrickson. He is 
expected to endorse most of them. 

Colin Norman 


are discovered, and he would also be 
able to halt projects deemed to present 
an imminent*hazard. As for the ques- 
tion of liability, the Administration’s 
draft bill would leave that up to state 
and local laws, while the Rogers bill 
would allow imposition of a $1,000-per- 
day fine for each violation. 


Those areas are likely to be the 


chief focus of discussion in the nex 


few weeks as Congress goes through 
the unprecedented process of setting 
federal regulations on an area of basic 
science, One thing is already clear 
from the public debate so far, how- 
ever. As NIH Director Donald 
Fredrickson put it during last week’s 
hearing: “biomedical research is 
entering a new era in its relationship 
to society. It, is passing from an ex- 
tended period of relative privacy and 
autonomy to an engagement with new 
ethical, legal, and social imperatives 
under concerned public scrutiny”. (2 


294 
EUROPE_ - 


First meeting . - 


e * 
Tur problem of disclosure of informa- 
tion emerged last week as the most 
immediate obstacle #a progress in 
formulating European guidelines for 
recombinant DNA research when re- 


presentatives of bodies in some 15, 


European countries concerned with its 
regulation met in Strasbourg under the 
European Science Foundation’s wing. 

The meeting, the first of the newly 
established European Committee on 
Recombinant DNA, was from all 
accounts very useful and friendly but 
far too short to allow adequate discus- 
sion of a heavy agenda. The disclosure 
issue concerned the details which need 
to be revealed about particular pro- 
jects in order that guidelines might be 
formulated and containment procedures 
applied without the applicant surrender- 
ing scientific or commercial advantage. 

The simple origin of the problem is 
the recommendations of the commit- 
tee’s predecessor. This concluded last 
year that the recommendations and 
code of practice of the British Williams 
report should be adopted as guidelines 
for recombinant DNA research in 
Europe. The difficulties arise because 
those recommendations are general 
rather than specific, emphasise physical 
more than biological containment, and 
operate in a country where agreed 
standards of confidence obtain and 
certain patent laws operate. k 

Since only a body of case law can 
fill in the grey areas created by the lack 
of specificity, the argument goes, access 
to full details of particular cases be- 
comes necessary for everyone using the 
guidelines, particularly where biological 
containment allows a drop in the level 
of physical containment. The trouble is, 
in Britain disclosur@ of such detail 
apparently means forfeiting the right 
to apply for a patent, and the hard-to- 
win cooperation of such companies as 
ICI with Britain’s Genetic Manipulation 
Advisory Group (GMAG) must be on 
the understanding that revelations to it 
will not constitute disclosure. 

Whether that means that without full 
disclosure the Williams guidelines could 
not operate fairly is unclear, but it is 
apparent that Britain’s patent laws, 
interpreted in this way, qould create a 
problem nationally and certainly inter- 
nationally. The position is different in 
the United States, where application 
for a patent can be filed up to 12 
months following disclosure. 

In Strasbourg the French and 
Swedish representatives urged full dis- 
closyyre, and the representative of 
Britain’s GMAG was not in a position 
| to agree. That means that answers are 
needed on the precise meaning of 
Britain’s patent laws as they relate to 
recombinant DNA research before the 
next meeting expected in SepteMber. 

No one seems to doubt that there 
should be a full exchange of informa- 
tion for any European guidelines to 
work properly. But the potential 
economic rewards of the work (the bad 
experience of penicillin is not lost in 
Britain) are also recognised, and if 
industry is to be incorporated in the 
whole scheme without resort to legisla- 
tion, it may be at thee price of not 
having full disclosure. In that ease, the 
idea of using paradigmatic cases will 
gather support. + 

Chris Sherwell 
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Sea-bed disposal: safe after all? 





An optimistic assessment of the radio- 
logical consequences of disposing of 
solid high-level radioactive, waste on 
the ocean floor is published this week. 
Chris Sherwell reports 





IMAGINE it is the year 2010. The 
world’s nuclear power programme, 
consisting entirely of light water reac- 
tors, had an installed electrical generat- 
ing capacity ten years earlier of 2,500 
GW. The high-level waste produced by 
that programme has since been cooling 
in ponds at a reprocessing site, and has 
now been glassified and put into stain- 
less steel cylinders with waste oxide 
incorppration’. The — cylinders—all 
72,000 of them—are about to be 
dumped on the floor of the North 
Atlantic, in 8ne operation. What will 
happen over the next 1,000 million 
years? e 

An attempt to answer that question 
is contained in a report out this week 
from the National Radiological Protec- 
tion Board (NRPB)* and prepared for 
British Nuclear Fuels Ltd (BNFL). The 
subject is especially controversial at 
the moment in Britain where, apart 
from the decisions being sought on 
the choice of the next generation reac- 
tor and on the commitment to the fast 
breeder, the matters of oxide fuel re- 
processing and of high-level waste 
disposal remain unresolved issues. 

Just last week, for example, the UK 
Atomic Energy Authority (UKAEA) 


attached great importance to the words 


of Dr Frank Feates, head of Harwell’s 
Environmental Safety Group, at a pub- 
lic meeting in Scotland. The search 
now being conducted was not for 
dumping grounds in any particular 
area, he said; it was to see if unfissured 
granite, no matter where it was, was a 
safe structure for high-level waste dis- 
posal. 

The idea of underground burial, 
which is being investigated in other 
countries too and focuses on salt and 
clay as well as granite, is only one of 
three options. The others are burial 
under the ocean floor and placement 
on the ocean floor, and it is the conse- 
quences of the latter alone which the 
NRPB study examines, even though 
the London Convention of 1972, which 
came into force in 1975, expressly for- 
bids such disposal—a point the study 
mentions in an appendix. 

The report endeavours to model the 
ways in which material deposited on 


*P. D. Grimwood and G. A. M. Webb, 
Assessment of the Radiological Protection 
Aspects of Disposal of High Level Waste 
Sop 4 Ocean Floor. (NRPB-R48, HMSO, 


the ocean floor will re-enter man’s im- 
mediate environment, especially via his 
food. The principal route of return it 
uses is via dispersion in the deep ocean, 
physical transport to the productive 
surface layers, incorporation in marine 
food chains and the consumption of 
contaminated seafood? but it also con- 
siders radiatiðn doses arising from con- 
tamination of beach sediments. 
Although the report emphasises that 
only broad conclusions should, be 
drawn, it states that “no overriding 
reason connected with radiological pro- 
tection considerations has been identi- 
fied which would preclude the disposal 
of suitably conditioned high-level waste 
on the ocean floor’. Other points : 
@ All the vitrified waste may be ex- 
pected to be dissolved in about 3,500 
years. The heat generated by the wastes 
would not give rise to “any significant 
vertical transport mechanism”. The 
amount of activity removed from the 
water by adsorption onto sediments 
will not be the major fraction of the 
total amount released, and will not sig- 
nificantly deplete the quantity of 
activity in the water, for 10°-10° years. 
® Assessments, for each of the many 
nuclides involved, of their changing 
concentrations over time in surface and 
deeper waters, and of how these are 
take up by plankton, molluscs, 
crustacea, fish and eventually man, 
show the relative importance of differ- 
ent routes. The ratio of intake “to the 
maximum permissible annual intake 
(i/MPAL attains its highest value for 
consumption of deep-ocean fish or 
plankton (neither of which routes 
currently exist) at times of either 50- 
100 years or 500-2,000 years, The ratio 
is 107; for surface fish, the order is 
10°*; other ratios are below 107°. 
@ The largest annual collective dose is 
due to consumption of surface fish (the 
only intake route actually established), 
at about 4x 10° man rems at 50 years 
from ‘Cs and *Sr taken together. Col- 
lective doses at longer times will be of 
the order of 10°-10° man rems per year. 
The figures would be larger if plankton 
was established as a major direct food 
source. 
@ Predictions of nuclide levels in the 
sea water do not exceed the level of 
the nuclides known to be present in 
sea-water naturally or through fall-out. 
The study emphasises that different 
conclusions might be reached if the 
waste was separable into short- and 
long-lived fractions, if a different com- 
position (or even monolithic) glass 
was ‘available, if better containment 
materials than steel were used, or if 
additional barriers, including even the 
sediment itself, were employed. 
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® Conservation is one,of the strongest 
refrains in the UK “Department of 
Energy’s (DEN) efforts to produce an 
orchestrated energy policy. Straight- 
forward measures like fuel pricing 
policy and speed restrictions have 
been buttressed by various schemes 
like the Save It campaign, the Indus- 
trial Energy Thrift Scheme, the 
Energy Audit Seheme and the Energy 
Survey Scheme; a recegt report on 
Energy for Industry from Cambridge 
Information and Research Services 
has emphasised the importance of 
cohservation in any future strategy; 
a DEN report on energy elasticities 
published last week speaks of the 
Savings to the balance of payments 
through cutbacks in- consumption; 
muinisters—last week it was Peter 
Shore, the Environment Secretary-— 
regularly stress the importance of 
conservation. And on the international 
front Britain is now taking part in 
two of four R&D programmes on 
conservation through the Paris-based 
International Energy Agency. 

To some it is obvious, to others 
exotic, but one of the more ambitious 
schemes mentioned in Britain to en- 
courage conservation has now received 
an official judgment. It comes from 
a working party of a special group 
set up under the aegis of the DEN’s 
Advisory Council on Research and 
Development (ACORD). The group 
is the Combined Heat and Power 
Group and the working party’s focus 
was s domestic application—that is, 
district heating. The group’s main re- 
port, which is unlikely to be out this 
year, will cover industrial applica- 
tions. : 

No one has doubted that changing 
the operation of a conventional power 
station to produce vast quantities of 
hot water but less electricity can 
allow substantial energy conservation. 
The problem is whether it can be 
done economically, and last week’s 
report, District heating combined 
with electricity generation in the 
United Kingdom (HMSO, £3.75), gives 
a carefully quantified response. 

The. difficulties in making calcula- 
tions are enormous. One reason is 
that it would take some 15 years to 
develop a heat load suitable for con- 
nection to a combined heat and power 
(CHP) plant. Moreover, a new and 
expensive system of lines would be 
necessary to distribute heat to con- 
sumers; and even then a great deal 
depends both on the demand from 
them (what will their standard of 
living be?) and their distance from 
the power station (what planning 
policies will apply?). The futwre cost 
‘and availability of alternative fuels 
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and the development of alternative 
technologies such as heat pumps is 
also important. So, although the 
savings in energy are clear and the 
engineering involved, is established, 
the assumptions that°are made when 
using standard discounted cash flow 
techniques are critical. 





| For all 


this, the working party 
concludes that with present fuel 
prices and fuel availability, and with 
the test discount rate used by the 
Treasury of 10%, there is no eco- 
nomic incentive to introduce CHP. 
and district heating save for limited 
high depsity areas. CHP could . be 
more economic with a reduced dis- 
count ratt, howtver, or if fuel prices 
rose, or both. Fuel saving would 
amount to 20 mtce compared with 
the 1972 fuel consumption pattern if 
CHP plant supplied 25% of the popu- 
lation. ° 
At the turn of the century, on the 
other hand, when oil and gas will be 
scarce and expensive, CHP and dis- 


trict heating. would be economically 


attractive compared with direct elec- 


tric heating or with substitute natural 


gas produced from coal. About 25 GW 
less capacity of nuclear power stations 
would be required compared with 
direct electric heating if CHP plant 
supplied 25% of the population, and 
fuel savings would be somewhere be- 
tween 7 and 30 mtce.. 

But if a significant amount of djs- 
trict heating network is to be installed 
by the first decade of the next cen- 
tury, the working party says, it is 
necessary to start now, and that means 
selecting a pilot city for conversion; 
strong government initiatives are 
essential if CHP is to develop signi- 
ficantly. Last week, however, Dr 
John Cunningham, the minister with 
responsibility for conservation, and Dr 
Walter Marshall, chief scientist at the 
DEN, were both at pains to emphasise 
the political sensitivity of embarking 


on sed a course ey proper’ con- 
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siderftion of the people affected. 


@ The trouble with the report out 
this week ffom thè Wellcome Trust 
covering the 1974-76 period is that 
there is no indication of the price- 
levels to which its figures refer. Thus 
the Trust says it allocated over £8.5 
mfllion to research in human and- 
animal medicine, which is some 91%. 


higher than the nearly £4.5 million.. 


it allocated in the previous 1972-74 © 
period, Inflation was such that £1.35 | 
million. of the increase went to meet. 
salary increases for people the trust - 
supports. And it expects an income of 
£5} million in 1976-77. But are these 
and other figures at 1974 or 1976 
prices? Answer: the figures arg at 
prices at the time referred to. 

The present strength of Wellcome, 
which is the largest endowed chari- 
table trust supporting medical re- 
search -in the United Kingdom, is, 
according to the report, “the result 
of the expansion of the international 
pharmaceutical company, the Well- 
come Foundation Limited.” For the 
1976-47 allocation it has had to make 

choice between deliberate support 
of special objectives and ad hoc se- 
lection “from the applications the 
trustees received. It has opted for a 
more selective policy for 1977 focus-: 
ing on such relatively neglected areas 
as ophthalmic medicine, the vascular 
system of the human brain in rela- 
tipn to disease, the metabolic effects 
of infection and the pathology of 
trauma. There is no increase in funds 
for projects submitted for ad hoc 
consideration. 


@ Participants in this weekend’s con- 
ference in Aberdeen on the changing 
sea-bird populations of the North At- 
lantic will gather just five weeks after 
the latest serious incident involving 
oil pollution. TS the concern of many,” 
at least 700 oiled birds, and possibly- 
twice that number, came ashore near 
the sites of Yorkshire’s cliff-nesting ` 
seabird colonies. Faced with the argu- 


ment that official maps showed no 


vulnerable bird concentration in the 
area for that time of year, the Royal 
Society for the Protection of Birds 
had to organise its own aerial survey: 
to find and size the oil slick respon- 
sible; and the RSPCA actually des- 
troyed some live oiled birds «instead 
of sending them to a new and costly 
rehabilitation centre. The adequacy 
of existing maps and the criteria for 
bird rehabilitation remain important 
issues to ornithologists. With the sub- 
ject of pollutign on the conference 
agenda, there could be a bit of a flap 
in Aberdeen. 

i Chris Sherwell 
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USSR 


Quality control 


Vera Rich writes on*the reorganisation 
of higher degrees in the Soviet Union 


THe Soviet media are at present 
conducting a major campaign ceulo- 
gising Soviet achievements, as part of 
the build-up to the forthcoming 60th 
anniversary of the October Revolution. 
The achievements of Soviet science 
feature conspicuously in this campaign. 
In one field, however, there is little 
cause for rejoicing, and the press 
notices strike a critical note—the train- 
ing @f the next generation of scientists 
and the awarding of higher degrees. 

In the Soviet Union, the degrees of 
Candidate (roughly equivalent to a 
PhD) and Doctor of Science are awar- 
ded not by the universities, but by a 
special body, the Higher Qualifications 
Commission (Vysshaya  Attestatsion-, 
naya Kommissiya, VAK) of the 
Ministry of Higher Education. At the 
beginning of 1976, new regulatiofis for 
higher degrees came into force, setting 
new, higher stanglards and reorganising 
the structure of VAK. In its new form, 
VAK consists of a ‘Plenum’, a ‘Presi- 
dium’ and a ‘College’, with 34 ‘councils 
of experts’ dealing with the principal 
lines of research, and 500 ‘specialist 
councils’ for assessing degree theses, 
150 of these councws being entitled to 
deal with doctorate theses. 

Under the new regulations, a higher 
standard is demanded, both in the 
theses themselves and also in the offi- 
cial opponents against whom the theses 
must be defended. Postulants for a 
higher degree have, in addition, to ful- 
fil certain non-academic requirements; 
according to Professor V. G. Kirillov- 
Ueryumov, the Chairman of VAK, they 
are expected to “combine a profound 
professional knowledge with a mastery 
of Marxist-Leninist theory and with 
the convictions of an active builder of 
communist society.” 

In spite of this emphasis on 
partinost’ (Party-mindedness), the 
changes were primarily intended to im- 
prove the standards of scientific man- 
power. The first year’s work of the 
reorganised VAK has, however, failed 
to effect this improvement, and the 
overall picture suggests incompetence 
and inadequacy. 

According to Pravda, a number of 
the degree councils have not been ob- 
serving the proper procedure for the 
defence of theses and have been de- 
liberately lowering their standards for 
reasons ranging from “bonds of friend- 
ship” to the “exploitation of offitial 
status” by the postulant. Twenty-one 


degree councils have been suspended 
as a result of such infringements. 
Nevertheless, during the year, almost 
20% of doctoral theses were rejected 
by VAK. 

Theses appear to be of a low 
standard because more than half 
the postulants come from industry, 
having carried out their research while 
working in jobs which may not neces- 
sarily be closely related to their aca- 
demic work. This is a somewhat 
delicate matter to broach in the media; 
Soviet policy constantly urges a closer 
contact between research and industry, 
and even so eminent a. body as the 
Siberian Branch of the Academy of 
Sciences of the USSR was recently 
censured for slackness in establishing 
and maintaifiing such contacts. 

However, Moscow radio recently 
hinted at some of the difficulties acing 
the young graduate who goes straight 
into production and attempts, while 
working, to obtain a higher degree. 


Those who entbark on such a course, 
suggested the commentator, should be 
“surrounded by care and attention”. 
In plants where this had been done, 
working scientists had obtained degrees 
not only at the Candidate level but 
even at the Doctor level. Directors who 
failed to cherish in this way their am- 
bitious young scientists “display short- 
sightedness and lack “of foresight”. The 
difficulties &f combining research with 
a job, even a job in one’s chosen field, 
were considerable, and accordingly, 
while in no way overtly criticising 
official policy, the commentator urged 
that specia’ attention should be paid 
to ensuring that more young graduates 
gain their research experience in the 
most authoritative establishments. 
The current Five-Year plan is aimed 
at increasing efficiency and quality in 
all sectors of production, including the 
higher education ‘industry’. The 
reorganisation of VAK was but one 
aspect of this drive towards quality. 
The first results of the new system show 
that it is not easy to achieve higher 
standards simply by legislation. tl 


More give, more take 


Dr Mikhail Shtern was unexpec- 
tedly released last week from the 
labour camp where he *was serving 
an eight-year sentence for allegedly 
accepting bribes. The official TASS 
statement on his release maintained 
that the sentence was “correct”, but 
claimed that acting on considerations 
8f socialist humanity, and in view of 
Dr Shtern’s poor state of health, the 
Supreme Court of the Ukrainian SSR 
had decided to reduce the sentence 
to two years and nine-months—the 
term already served. 

After his release, Dr Shtern told 
foreign reporters that he was ‘“‘abso- 
lutely not guilty of anything’, and 
that the accusations against him were 
made in reprisal for his sons’ applica- 
tion to go to Israel. Dr Shtern’s 
release followed a worldwide protest 
campaign which involved fifty Nobel 
Prize winners. A special tribunal to 
examine the Shtern case was sghedu- 
led to open in Amsterdam this week. 

Dr Shtern’s release, however, does 
not appear to augur a relaxation of 
pressure on the refusniks. In Moscow, 
Yosif Begun, an electrical engineer, 
is in prison awaiting charges of 
“parasitism”, that is, being without 
visible means of support—a charge 
which has not been brought against 
any refusnik for some time. On 15 
March, the day after Shtern’s release, 
-Anatolii Shcharanskii, the mathema- 
tician who has acted as press agent 


for the Azbel’ Seminar and is closely 
associated with the Moscow ‘Helsinki 
monitoring group’, was arrested while 
actually in the company of two Wes- 
tern journalists who were interviewing 
him about the Shtern case. 
Shcharanskii’s family has beem told 
that he may be accused of “crimes 
against the State’, an accusation 
which could lead to a show trial. 

Jewish activists in Moscow see the 
arrest of Shcharanskii as part of a 
growing campaign of repression 
against the refusniks. Although there 
have been recent attacks in the media 
on other dissidents too, the campaign 
against the Jews who simply wish to 
leave the Soviet Union is far more 
aggressive than that against the 
Russians, Ukrainians, Lithuanians | 
and others who also urge change. 

The anti-refusnik campaign has 
been particularly directed against the 
scientists and academics. Searches of 
unprecedented. severity have taken 
place at the homes of several of 
them, resulting in the destruction of 
their books and the confiscation of 
all papers. At the time of his arrest 
Shcharanskii, together with Professor 
Aleksandr Lerner, a  cyberneticist, 
and Vladimir Slepak,.an engineer, 
were attempting to bring a libel suit 
against the government newspaper 
Izvestiya, which had accused them of 
spying for the CIA. 

Vera Rich 
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® The first meeting of the Heads of 
the Academies of Science of the 
= Comecon countries took place last 
month in Moscow. All nine Comecon 
members were represented, and also 
Vietnam. Yugoslavia, however, which 
has a special relationship with Come- 
con in a number of fields, including 
science and technology, was not repre- 
sented. The meeting consisted of an 
exchange of views on the develop- 
ment of cooperation in solving key 
problems of “the building of socialism 
ang communism’’, and increasing the 
efficiency of scientific research and 
the implementation of research results 
in production—this last being the 
most pressing problem for R&D in all 
Comecon countries. 

Examples of cooperation to date 
were discussed, including joint pro- 
grammes for space research, earth 
sciences, physics, chemistry, and 
biology. Special attention was given 
to the role of the scientists in détente 
and the duty of scientists ‘recognising 
their responsibility before history” to 
use their influence In support of non- 
proliferation and disarmament. The 
scientists of Comecon, it was. stated, 
are ready to unite their efforts with 
those of the scientists of all other 
countries to work on “major problems 
of concern to all mankind”, such as 
energy, raw materials, environment, 
the rational use of ocean resources, 
and epidemiology. Suiting his tone. to 
the occasion, Mr Brezhnev, in wel- 
coming the delegates to a Kremlin 
reception, proposed a law of com- 
position for scientific cooperation be- 
tween socialist countries—individual 
efforts, he asserted, Were not added 
but multiplied together. 


@ The recent Romanian earthquake 
has raised certain doubts concerning 
earthquake prediction. This is an im- 
portant topic of research im the 
Soviet Union, and the countries of 
Eastern Europe have watched de- 
velopments in the field closely. In 
1976, a Soviet team produced a seis- 
mic map of the Balkans predicting 
probable epicentres for the next 100 
years. It would seem, though, that the 
foretelling of natural disasters is a 
mixed blessing. 

The suggestion of American seis- 
mologists that an earthquake of the 
same magnitude with its epicentre in 
Romania might be repeated within a 
few weeks was denounced on Bul- 
garian radio as “an act... beyond 
all bounds of the admissible and even 
of the inadmissible in inter-State and 
inter-human relations”, being de- 
signed to “create a panic among 
“ordinary | people”. Whether the 
f Romanians coping stoically with the 


aftermath of the disaster were 
alarmed by the American predictions, 
or even had the opportunity to hear 
them, is a moot point; but in Yugo- 


slavia considerable alarm was created 
in the Krusevac region by radio hams 
who predicted that an earthquake of 
even greater intensity was imminent. 

The only predictions that have not 
been pilloried by the East European 





media have been the non-alarmist, 


ones—-that of the Institute of Geo- 
physics of the Bulgarian Acadamy of 
Sciences, which announced comfort- 
ingly that the periodicity of an earth- 
quake of this magnitude. was of the 
order of 50 years, or that of Professor 
Bruce A. Bolt of the University ‘of 
California who, after visiting the site 
of the Romanian earthquake, pgo- 
nounced that present scientific meth- 
ods do not allow one to say whether 
such a phenomenon might” occur in 
the near future. 

According to Dr ee ee 
director of the Soviet Institute of 


‘Seismic-Resistant Construction and 


Seismology, who is:at present working 
on earthquake prediction in. Tadz- 
histan, current Soviet. methods, using 
boreholes’ and gas-analysis, allow 
earthquakes to be forecast with the 
greatest degree of accuracy. Re- 
actions to the Romanian disaster 
would suggest, however, that. urfil 
prediction can be backed up with 
prevention, the publication of pre- 
dictions may present a problem in 
public relations and media manake 
ment, 

Among the victims of the Roman- 
ian earthquake were Professor Florin 
Ciorascu, Corresponding-Member of 
the Romanian Academy of Sciences; 
Academician Paul Petrescu, a physi- 
cist; Professor Carli Marcu, a 
pharmacologist; and Professor Marin 
Lupu, Rector of the Bucharest 
Academy of Economic Sciences. 


‘topes, 
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Major scientific installations damaged 
inclutled the National Physics Centre © 
in Bucharest, the Raculties of Chemi- 
stry and Medicine at the university 
and an ‘atomic cegtre’. 


æ Since the May 1974 visit to Britain 


ofeAcademician Vladimir A. Kirillin, 
Chairman of the State Committee for 
Science and Technology of the USSR, 
when he declared that industrial fast- 
breeder generators would not be a 
practical possibility before the mid- 
1980s, Western commentators have 
from time to time suggested that long- 
range Comecon planning in, nuclear 
power generation is committed to 
fast-breeders. Such speculations were 
recently revived at a press conference 
which Kirillin gave to the heads of 
foreign méssions in Moscow. On this 
occasion, after referring to the suc- 
cessful operation of the pilot fast- 
breeder reactor at Shevchenko, 
Kirillin stated that such reactors 
évould be in industrial use within the 
next ten years. 

` Such estimates, however, seem over- 
optimistic. The recent meeting of the 
Comecon Permanent Commission for | 
the Peageful Uses of Atomic Energy 
in Riga; which reviewed progress to 
date and approved future plans, paid 
special attention to the designing of 
1,000 MW water-moderated water- 
cooled reactors. Since this is above 
the capacity of any reactor scheduled 
fer production in he plans to 1980, 
any major changeover to fast breeders 
cannot be expected in the present 
planning. period. 

One of the major topics of discus- 
sion at the meeting of the Commission 
was specialisation by the member 
countries in the production of iso- 
instruments, and equipment 
for power generation. Yugoslavia, 
although not agmember of Comecon, 
has a working arrangement by which 
she participates in a number of. 
Comecon projects, including the 
Interatomenergi programme for the 
construction of nuclear power station 
equipment. Several engineering plants 
in Yugoslavia are already participat- 
ing in this construction, including the 
Litostroj combine in Ljubljana. Lito- 
stroj has designed a special circular | 
crane, to’operate in complete isolation 
inside a reactor, to charge it with 
nuclear fuel and remove thé waste 
products. The equipment is intended 
for power stations in the USSR; a 
recent report on Yugoslavia’s energy 
resources and demands makes no 
mention of nuclear power, but stresses 
the importance of home-produced 
coal as the basis of the electrical 
gegerating industry. 

Vera Rich 
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IN BRIEF____ 


German nuclear problems. 
The domestic and mternational aspects 
of Germany’s activity in the nuclear 
field have both come in for further 
dispute recently. Following the visit of 
the US deputy Secretary of State to 
Germany a fortnight ago, and ¢he 
visit to Washington last week of Ger- 
many’s Foreign Minister, the German 
position on its controversial nuclear 
deal with Brazil apparently remains 
one of determination to fulfil its 
obligations, in spite of US objections. 
Domestic developments have proved 
less restrained. Violent demonstrations 
occurred at the weekend outside a 
nuclear plant in Lower Saxony; and 
news of a third court case on the con- 
struction of a nuclear plant, this time 
in northern Bavaria, folfowed the 
decision last week of an administra- 
tive court in Baden-Wlirttemberg to 
withdraw the construction permit for 
a plant on grounds relating to safety. 
A Schieswig-Holstein court blocked 


THE most impressive success story in 
conservation is the recovery of the 
population of the Antarctic fur seal, 
described by Nigel Bonner of the 
British Antarctic Survey in a recent 
NERC News Journal. Before 1791, 
when the first sealing expedition went 
to South Georgia, these animals 
„existed in millions. By 1830 they were 
so scarce that the fur sealing indusjry 
stopped. However, they survived in 
small numbers, perhaps less than a 
hundred animals, and were officially 
protected by the British administra- 
tion of South Georgia in 1907. Most 
zoologists: thought this action was too 
late and that the species was doomed. 
But now estimates for 1976-77 sug- 
gest. that there are over 300,000 
and that the populatipn has increased 
‘annually by at least 17% for the past 
20 years. The seals should soon reach 
their former level of abundance. 

One reason suggested for this phe- 
nomenally rapid increase is the ample 
food supply. Fur seals feed mainly on 
krill, the shrimp Euphausia. This is 
also the food of the whales which 
have been so severely reduced in 
numbers. Successful whale conserva- 
-| -tion could leave less food*for seals. 
|. However it seems more likely that 
-man Will soon compete for krill, and 
this could affect both whales and 
seals. It is therefore interesting to 
assess the value of this new human 
food. Would the gain in human nutri- 
tion be sufficient to make it worth 
putting these marine mammals at 
risk? e . 

The world catch of marine fish for 
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i974 was estitiated at 60 million 


construction of a plant at Brokdorf 
last month. 


Press statement 

The long-awaited official announce- 
ment finally came late’ last week: 
Frank Press, Professor of Earth 
Sciences at MIT, has been named 
Director of the White House Office of 
Science and Technology Policy (OSTP) 
and science adviser to President 
Carter. The appointment must be con- 
firmed by the Senate, but no problems 
are anticipated there. Press’s appoint- 
ment has been a certainty for the past 
month, but the official announcement 
was delayed by a lengthy series of 
security and other background checks 
which President Carter has insisted be 
made on top officials in his Adminis- 
tration. Press has been working at the 
White Howse, however, attending 
meetings of Carter’s advisers and help- 
ing select candidates for other top 
research jobs in the government. 


tonnes. Biologists believe that it would 
be possible to harvest almost as great 
a biomass of krill-—-at least 50 million 
tonnes per annum. This would seem 
at first to add greatly to the food 


Fishing line 
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resources available for the growing 
world population. The ocean’s contri- 
bution to man’s food is surprisingly 
small. Much of the fish is used to 
feed livestock and pets. When fed to 
farm animals, the wastage is consider- 
able, and broiler fowls and pigs yield 
much less protein and energy than the 
fish supplied to their diet. Even when 
eaten by man, much of the carcass 1s 
wasted. Probably less than 30 million 


toftineés of actual fish flesh is eaten by 


i 4 + 
NSF budget change 
In an unusual move, the House Com- 
mittee on Science and Technology has 
restored some of the cuts in the 
budget request for the National 
Science Foundation (NSF) made by 
the subcommittee on Science, Re- 
search and Technology. The sub- 
committee had votéd to hold NSF's 
budget incfease for fiscal year 1978 to 
about 7% compared with the 11% 
boost requested by the Administration. 
The full committee has restored about 
half the cuts made by the sub-com- 
mittee in NSF's basic research and 
Research Applied to National Needs 
(RANN) programmes, additions which 
would give NSF a 9% increase. 
According to staff aides on the 
committee, the full committee took 
the unusual step of overturning the 
subcommittee’s recommendations be- 
cause of recent projections that the 
inflation rate will be higher than the 
subcommittee had assumed. 


humans each year. Even with the 
krill, the actual consumption would be 
unlikely to exceed 50 million tonnes. 
In terms of energy (calories or mega- 
joules) the total world fish catch would 
satisfy some 30 million people—less 
than the annual increase in global 
population. Even the krill would be 
consumed by a few month’s increase. 

Of course, this calculation is, or 
should be, absurd. Fish is a rich 
source of high class protein, afid the 
annual catch could supply the pro- 
tein needs of a tenth of the world’s 
population, ang the krill could meet 
the demands of a further two hundred 
million individuals. Unfortunately, it 
is unlikely that it would do so. It is 
rare for fish to be eaten except by 
those whose diet already contains 
sufficient protein. Those who live on 
staples low in protein, including cas- 
sava, plantains and yams, seldom 
obtain much fish, and it is unlikely 
that they would benefit from krill. 
Fish would almost certainly go to 
increase the luxury eating of man and 
beast in the richer countries. 

We should therefore be cautious 
before encouraging the exploitation of 
krill. We see that many of our tra- 
ditional fisheries are overexploited, 
and may be destroyed unless inter- 
nationally conserved. We are very 
ignorant about the interdependence 
of krill, seals, whales and man. As 
the oceans, in spite of. overexploita- 
tion, are making such a trivial contri- 
bution to feeding the world’s increas- 
ing population, we must realise that 
most of the food needed must be 
efown off dfy land. 
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Science with public appeal 
SIR,—I think your criticism of the 
BBC’s programme, The Key to the 
Universe (3 February, page 393) was 
unfair to say the least. Nigel Calder 
did not make any “fundamental mis- 
takes’, especially in underestimating 
the serious mindedness of the audience. 
Indeed his refreshing aftitude en- 
courages the public to take a greater 
interest in science-—-we wauld soon fall 
asleep (at least I would) if the pro- 
gramme was presented in the way you 
umplied in the article. ‘These two-hour 
programmes are occasional. they are 
not the same as Horizon and they add 
a new look to the debate. 

I think you are making the funda- 
mental error by assuming that “the 
uninitiated 99.9% of the audience can 
only have been thoroughly’ con- 
fused... ”. I did not find the order 
in which the programme was presented 
at all confusing. Your leader writer 
should watch it again as a member of 
the public and not as a cynical critic. 

G. MARKS 
Harrogate, UK 


Sir—In your editorial, “That was the 
weak force, that was’ (3 February 
1977), yOu make a strong criticism of 
Nigel Calder’s two-hour BBC2 brain- 
teaser, “The Key to the Universe.” 
You ask, in effect, not only whether ıt 
was worth the resources devoted to it, 
but also whether it might not contri- 
bute to the further alienation of many 
people from science. 

These are important questions to 
which we have no answer. In this re- 
gard the BBC fails us entirely. We are 
not told how much in financial terms 
such a two-hour programme costs; we 
do not know whether the key criterion 
of ‘worth’? may not be measured 
solely by audience ratings; and we are 
completely in the dark about the effect 
of such programmes on the general 
viewing audience. That Calder’s book 
of the same title is high in the Sunday 
Times best-seller list tells us nothing 
about the TV programme except that 
it surely helps to sell the book. 

The non-scientists with whom I 
watched the programme confessed that 
apart from the presentation of the 
‘black holes,’ they were baffled. I 
found the jargon familiar, but I 
disagreed with some of Calder’s empha- 
ses, I think he made too much of the 
tentative, of the as-yet unaccepted, as 
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in Salam’s exposition for example. In 
that sense, it was difficult to distinguish 
the ‘real’ from the ‘unreal.’ 

I bave said before that the popula- 
riser of science, as he functions today, 
cannot disseminate the subtle ideas of 
science; that these really cannot be 
understood without hard, disciplined 
effort. We need a research programme 
on this thesis. The BBC (and ITV) 
might consider funding that part of it 
concerned with the presentation of 
science on TV and radio. Such a pro- 
posal concerns the key question of 
what the presenters of science are 
really providing, not only ‘in terms of 
good, entertaining viewing, but also in 
their tontribution to general under- 
standing en route to involving thep ub- 
lic in decision-making about the use 
and impact of science in everyday life. 

MAURICE GOLDSMITH 
Savile Club, London 


Tidal energy 


Sir—Your leading article (10 February 
1977) refers to the ‘severe defect’ of 
the periodicity of the tides being not 
always in phase with the daily load 
cycle, but nearly 40% of our electrical 
energy is used for space and water 
heating where the ‘defect’ is not at Ail 
severe. The use of blocks of tidal 
energy produced in regular and pre- 
dictable amounts, both in time and 
quantity, is now perfectly feasible in 
the British system, and as installed 
capacity increases (if indeed it does 
increase), will become easier rather 
than harder to absorb. This is without 
the addition of any further pumped- 
storage capacity. 

The reasons why the French have 
not proceeded with the Iles de Chausey 
scheme have nothing to do with the 
foregoing point, since La Rance incof- 
poratés a pumped-storage capability to 
provide power capacity in phase with 
peak-demand—if that is what the 
operators require. (Incidentally La 
Rance is presently using peaking sys- 
tem energy to pump on those occa- 
sions when so doing produces more 
energy overall.) The reasons are both 
economic and oceanographic, since the 
inclusion of sophisticated pumped- 
storage facilites made La Rance so ex- 
pensive as to discourage further in- 
vestment in tidal energy, coupled with 


fears that a much larger scheme might 
L 


have reduced the tidal range. 

The defects of pumped-storage in 
estuarial schemes are primarily cost, 
since such facilities can be provided 
more cheaply on land (as at Ffestiniog 
or Dinorwic) or underground, and 
secondly because the important func- 
tion of system spinning reserve is un- 
available from a tidal pumped-storage 
plant without loss of available energy. 
The arguments are all developed in the 
technical literature and it behoves 
your leader writer to give it more than 
a cursory examination before com- 
mitting himself to a particular solution. 

The proposed Severn scheme your 
article describes is one of at least six 
proposals made in the last few years, 
all of which deserve examination in the 
light of system requirements. It will do 
the cause of tidal energy no good if a 
scientific journal of your reputation 
appears fo be prejudging the solution 
to what is a most complex problem. 

E. M. WILSON 
Department of Civil Engineering 
University of Salford, UK 


Geothermal electricity 


Sir—Recent studies of potential UK 
geothermal heat sources (for example, 
Oxburgh Nature 262, 526, 1976) have 
been virtually unanimous in stating 
that temperatures greater than 200 °C 
would be required from sources 
intended for electricity generation. A 
report produced by Patscentre Inter- 
national has shown that, contrary to 
this general wew, it may weil be 
possible to accept a much lower 
temperature limit. If it can be com- 
bined with a fossil-fuel source in an 
existing or purpose-built power station, 
geothermal heat in the temperature 
range of 100-200 °C could be ecqno- 
mically used for electricity generation. 

In modern steam plants most of the 
feedwater heat is supplied by low- 


Correction g 

A bad telephone line helped to produce 
three errors in the article ‘Give us a 
call, says NASA’ (10 March, page 112). 
The Viking chief project scientist 18 
Dr Gerald A. Soffen, not Dr Soffes; the 
Kioto meeting will be in the first week 


of April, not in June, and will be 
organised by the International Society 
for the Study of the Origin of Life; 
and the Tel Aviv meeting in June is the 
C@SPAR and not the pulsar meeting. 


Sorry. 
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temperature*steam from the turbines. 
However, this steam, which in a con- 
ventional station has been heated by 
a high-grade fossil fuel, is diverted 
from work-producing duties in the 
turbine. If low-grade geothermal heat 
is used for feedwater heating, the 
steam could be retained in the turbine, 
thus increasing both the work output 
and the cycle efficiency relative to the 
fossil fuel. The resulting capitalised 
fuel saving (for the normal rated 
output) can then be used to pay for 
the necessary geothermal plant. (I 
have discussed a similar use for low- 
grade waste heat in MHD power 
generation in Energy Conversion 8, 
177; 1968.) The amount of geothermal 
heat that would be usable in this 
syst®m, which could be applied to 
either an existing or a purpose-built 
station, is no more than About 15% 
of the total heat input; that is, about 
200 MW(t) could be accepted by a 
500 MW(e) steam plant using geo- 
thermal heat at 125°C. This would 
give a fossil-fuel saving of 5%. . 

An alternative purpose-built com- 
bined plant, in which the geothermal 
heat predominates, would use fossil 
fuel for superheating only. In this 
case, efficiencies in the region” of 100% 
(relative to the fossil fuel) become 
possible. For example, 100 MW(e) 
output could be obtained from 
100 MW(t) fossil fuel combined with 
360 MW of geothermal heat at 185 °C. 
This method also has the advantage, of 
low steam wetness, thus appreciably 
reducing turbine blade erosion, which 
could occur in a plant that is pre- 
dominantly geothermal. 

The cost benefit analysis proceeds as 
follows. The present saving on fossil 
fuel is determined from an annuity-type 
calculation, taking into account, among 
other factors, the current fuel cost, in- 
flation of real cost of fuel, interest rate, 
plant life-time, and increased load 


factor allowed by increased efficiency. 
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Competition 12. 

A chair in  bio-aerondutics has 
recently been established in the UK. 
Its occupant is an expert in crop 
spraying. £10 for the best real or 
fictitious professorial title. Entries by 
20 April to Competition 12, Nature. 


Competition 11. Readers’ contribu- 
tions offered humerous associations 
with the work of scierttists. Thus: 
‘Faraday was incapacitated’, and so on 
through a deluge of awful puns. Jim 


ed 


+ 


Thus a capital allowance (per kilowatt 
of geothermal power) is obtained which 
can be compared with estimated speci- 
fic costs of geothermal plant for various 
conditions. 

Results for a purpose-built plant 
based on a modern conventional power 
station illustrate the operation of the 
first system. With the plant situated on 
hot dry rock supplying feedwater heat 
at 125°C, a fossil fuel cost of 9p a 
therm, and a load factor of 80%, the 
capitalised fuel saving over 20 years, 
with a basic interest rate of 10% a 
year, is £62 per kilowatt of geothermal 
power. This equals the (1974) cost of 
the associated geothermal plant (well- 
head equipment and so on) calculated 
from fairly conservative data supplied 
by the Energy Technology Support 
Unit (Harwell) for a site havjng a tem- 
perature gradient of 45°C per km. 
For a similar station situated on an 
aquifer, the available cost of £62 per 
kW(et) w8uld pay for geothermal 
plant in the upper half of the range 
of calculated aquifer costs. Of gourse, 
the capitalised fuel saving increases 
with the fossil-fuel cost, the fuel infla- 
tion rate (in real terms), and the load 
factor. Figures for the second type of 
plant, using 185°C geothermal heat, 
show that its unit electricity costs are 


' comparable with those of conventional 


power stations. 

The Patscentre study has shown that 
geothermal sites that coificide with, or 
are accessible to, ‘fossil-fuel sources 
could be of special interest for elec- 
tricity generation. For instance, the 
nearness of the Durham hot rocks 
(granite) to the Durham coal fields 
sfiould be noted, and coastal sites on 
the Hampshire sedimentary basin could 
also be of interest. 


R. V. HaRROWELL 
Patscentre International, UK 


Management courses 


Sır, —I have long felt it appropriate 
that the likeness that accompanies 


Watson, according to most com- 
petitors, had a guess-what in his neck. 
Two winners, one brief, one less so. 


Brähe thought the paper by Coper- 
nicus revolutionary, but pointed oft that 
his argument was essentially circular 
(M. C. Thorne, Harwell, UK). 


On the first day Rutherford reported 
an immediate disintegration of the Sym- 
posium catalysed by Bre@nsted’s acidic 
comments on Madame Curie’s radiant 
attire. Drs Barnard and DeBakey were 
further disheartened when Van de Graaff 
Sia ae a separate reaction from Schiff 

y referring to her attire as basically 
colourless. Bragg viewed things from 
another angle as did Roentgen who saw 
through it all Compton recoiled at the 
prospect of making any statement while 
Planck and deBroglie also went to some 
lengths not to make waves—~an attitude 
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Kenneth Mellamby’s articles should be 
as black and white as the views he ex- 
presses! HoWever, the truth about 
management courses for scientists may 
not be quite as black as his article (3 
March, page 11) might suggest. Five — 
years ago A. J. Lockwood and I started 
a course in research management 
(R&D Management 5, 235-238; 1975) 
for heads of research sections at the 
Building Research, Establishment. It 
has been eld annually since then and 
now draws participants from a wide 
range of government research labora- 
tories (both civil and defence). Those 
who attend appear to find it helpful. 
The course was started because many 
section heads felt the need for some 
help with the management aspects of 
their work, a need that was understand- 
ably not met by the more general 
Management courses that were then 
available-—-and it may be that Professor 
Mellanby’s strictures were directed at 
such courses. Our courses are delibera- 
tely designed for those leading research 
teams Perhaps the secret of whatever 
success the courses have achieved lies 
in the very fact that we deliberately 
refrain from any attempt at ‘training’. 
Rather, we try to make available to 
participants a wide range of conceptual 
material and practical experience on . 
which they can draw for use in their 
own circumstances, More important 
still, we devote about half the course 
time to fostering, within a carefully 
thought out series of syndicate exer- 
cises, the exchange of the management 
experience that participants will have 
accumulated during their working lives. 
Just as scientists profit considerably 
from an exchange of their scientific ex- 
perience, we have found that they can 
and do receive considerable benefit 
from ‘an exchange of their (often un- 
recognised) management experience. 


K. ALsop 


Building Research Establishment, 
Garston, Watford, UK 


that Moseley called uncharacteristic. 
Wegener asserted that if the rifts con- 
tinued to grow things would drift further 
apart. As usual, Heisenberg was un- 
certain but Coulomb and Nobel were 
positive that such a charged situation was 
potentially explosive. Kelvin and Boyle 
advised that a cooling-off period mi 
reduce the pressures that were building 
up Bell thus called on Hubble and 
Doppler to focus their attention on shift- 
ing the emphasis to a series of higher- 
level discussions as earlier suggested by 
Balmer and Lyman. Newton seconded 
the motion and, being short of time 
Einstein tried to apply ù constant and 
massive attempt to bring the entire 
matter to a close. The following day 
Watson and Crick happily reported that 
thing; were taking a turn for the better. 
(K. M. Towe, Smithsonian Institution, 
Washington, USA). 
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Molecular charmonium? 


from Frank Close 


A. YEAR ago most high energy physicists 
were agreed that charmed particles must 
exist, the only problem was that nobody 
could find any. Then in a study of the 
debris produced in annihilation of elec- 
trons and positrons, charmed mesons 
called D (1.86 GeV in mass) and D* 
(2 GeV) were at last found ın the spring of 
1976 (see Nature 262, 537). Once it was 
known what had to be looked for and 
where it could be found old data were 
studied again and new experiments per- 
formed. We now have the surprising result 
that sometimes too much charm ıs being 
found, specifically that when electrons and 
positrons annihilate at just above 4 GeV 
an anomalously large production of pairs 
of charmed D* mesons 1s seen. What 
makes this so remarkable ıs that the 
energy of the colliding beams is only just 
sufficient to produce a pair of 2 GeV mass 
particles. It is as 1f the moment that the 
energy was sufficient to produce them, 
they just poured out. Why should this 
be so? 

A group of workers at Harvard (de 
Rujula et al. Phys. Rev. Lett. 37, 398; 
1976) had earlier suggested on sfatistical 
grounds that the relative production rates 
of D*D*:DD*:DD should be 7:4:1 
(there are more degrees of freedom for 
high spin particles and so the spin 1 D* is 
more readily produced than the spinless 
D). The observed rate of D*D* produc- 
tion is far in excess of this and so it seems 
that there ıs something in the underlying 
dynamics of the production process that 
is enhancing the D* pairs. 

When this discovery was reported at a 
seminar at Harvard, two groups of 
theorists suggested that charmed molecules 
mught exist (de Rujula ef al. Phys Rev. 
Lett, 38, 317; 1976; P. Cox etal Harvard 
preprint, 1976) Their idea was that in the 
electron-positron annihilation, in addı- 
tion to resonances of charmed quarks and 
charmed antiquarks (like the y meson at 
3.1 GeV mass? there might be found 
resonances of charmed mesons and their 
antiparticles. If such a D*D* resonance 
occurs at 4.03 GeV, then this could 
explain the copious production of D* and 
D* at this energy. 

But critics say that this is tautology. To 


say that there is a D*D* resonance is 
simply equivalent to saying that the 
D*tD* are produced more often than 
expected. Since no completely satisfactory 
mechanism has yet been given for pro- 
ducing such a resonance thg copious pro- 
duction of D* pairs has still not been 
explained. Supporters argue, however, 
that fhe idea can be tested and so has 
some merit. If energies away from 4.03 
GeV are looked at the D* should be less 
copiously produced. 

Whether or not the idea is right it has 
suddenly gained wide attention in the 
high energy community although ıt is by 
no means new. Several papers have 
appeared during the past two years and 
been largelyeignored. They have implied 
or explicitly suggested the existence of 
charmed molecules as the consequence of 
investigating the broader issue of the 
binding of quark states, and It 1s in con- 
nection with this broader issue that the 
above discoveries might turn out ta be 
significant. 


Multiquark hadrons 


Mesons are formed when a quark (q) and 
an antiquark (q) bind together with orbi- 
tal angular momentum (L). The mass of 
the resulting meson can be estimated from 
the rough rule that each quark or anti- 
quark contributes around 300 MeV and 
each unit of L-excitation gives around 
500 MeV. The quark has spin 1/2 and so 
the quark and antiquark can spin parallel 
(spin 1) or antiparallel (spin 0). Then, just 
as in atomic physics, the spectrum has the 
fornt?S,, 3S1; 1P, *Po.1., and so on, anda 
hyperfine splitting causes the singlet states 
to be lighter than the triplets (for example, 
the pion +S, 1s lighter than the p 3S,) 

These rules mean that the lightest vector 
particles will be around 700 MeV since 
they are the *S,qq states. Of particular 
interest are the scalar states 3P. From our 
rule these states will have a mass around 
900 MeV since the hyperfine splitting has 
pulled them down relative to the average 
mass of about 1,100 MeY for the P-wave 
qq system. Hence roughly half of the mass 
has arisen from the two quarks intrinsically 
and half is from the P-wave exgitation. 


One can also form scalar states (0+) from 
qqpp where now all of the quarkseare in 
S waves. The extra mass of 600 MeV asso- 
ciated with the two additional quarks is 
compensated for by the absence of the 
P-wave excitation and so the mass of this 
four quark scalar meson can be com- 
parable to the two quark state. In fact the 


e hyperfine splitting in the four quark state 


tends to be larger than in the two quark 
and an explicit calculation by R. Jaffe of 
MIT Multiquark hadrons, SLAC Publica- 
tions, 1772, 1773) found that the qqqq 0+ 
is lower jn mass than the qq. Astonishingly 
he presented a good case for believing that 
the familiar 0t mesons are really four 
quark states and not qq! The implication 
is that four quark states have to be taken 
seriously. 

For states containing a charmed quark 
c) the same rough and ready rules seem to 
apply except that one has to allow 1.5 GeV 
for each charmed quark instead of 
300 MeV. The lightest mesons cq will be 
expected around 1.8 GeV and the lightest 
charmonium states cc around 3 GeV. Both 
of these are realised in the data. Further- 
more the P-wave cc states °P»,,,, do seem 
to spread around 3.5 GeV in line with the 
rules. 

Now replaye Jaffe’s game but with 
charmonium. The 0+ (ccqq) state could 
be as low as 3.5 GeV (comparable to 0+ 
(cc) at 3.4 GeV). it is possible that a 
mysterious state at 3.46 GeV could be 
such a beast. The states that will be pro- 
duced in electron—positron annihilation 
are vectors (spin 1, negative parity). If 
made from four quarks then a P-wave 
excitation is required and hence the mass 
rule implies another 500 MeV compared 
with the S-wave ccqq (3.46 GeV?) or 
800 MeV above the S-wave vector cc at 
3.1 GeV. Either of these estimates suggests 
that the 4 GeV region is the place to look. 

Very soon after the y was discovered 
Iwasaki in Japan suggested that ccqq 
states might exist and even predicted a 
cece at 6 GeV. The possible existence of 
such a state is*controversial. When the 
plethora òf dips and bumps were dis- 
covered in the 4 GeV region of the ete~ 
annihilation cross section, Rosenzweig 
(Phys. Rev. Lett. 36, 697; 1976) and also 
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Bander et al. (Phys. Rev. Lett. 36a 695; 
1976) independently suggested that four 
quark states ccqq had been manifested. 
At the time of these*works the charmed 
states cq had not been isolated! 

After the D and D* charmed particles 
had been found with masses around 
2 GeV, Nussinov and Sidhu at the Fermi 
National Accelerator Laboratory near 
Chicago explicitly investigated the pos- 
sibility that charmed mesons might bind 
together in a manner analogous to the 
way that nucleons bind to form deuter- 
ium. Their explicit calculations (Fermilab 
preprint, August 1976) indeed showed that 
a loosely bound DD state could exist 
near to 4 GeV and they speculated that a 
simular occurrence might also happen for 
DD* and D*D*. In the light of the recent 
developments a report on their calcula- 
tions of the D*D* possibility is eagerly 
awaited. À 

If ccqq states are indeed around the 
4 GeV mass region then several questions 
come to mind. Once formed how do they 


collapse? Is the decay to cq and qc pre- 
© 


ferred to cc and qq? The latter decay 
pattern has been called “charm burning” 
and has been investigated in particular by 
Okun and Voloshin in the Soviet Union. 
There is no obvious presence of y (cc) in 
the debris produced at 4 GeV so this latter 
mechanism may be unimportant. Is this a 
problem? In the absence of dynamical in- 
formation on the binding of the four 
quark states this is perhaps an open 
question. Are the four quark states 
(cc}(qq) necessarily the same as (cq)(qc)? 
If the quark model is relevant to nature 
then these four quark states seem to be 
unavoidable. With all the current interest 
in the 4 GeV region of energy in electron- 
positron annihilation one might hope that 
the first evidence for them may show 
up here. If the ideas of Iwasaki, Rosen- 
zweig, Bander and many others are right, 
then ,it is possible that such a state has 
already been seen, in which case a whole 
new spectroscopy of molecular char- 
monium awaits discovery in addition to 
the “‘traditional’’(!) charmonium now 
being unravelled. s E 


Versatile polysaccharides 


from R. D. Preston 


THE recent explosion of information on 
the detailed structure of a variety of 
polysaccharides, largely at the hands Of 
four groups of workers, provides a 
salutary reminder, for those who need it, 
that these substances are to be reckoned 
with as well as proteins and nucleic acids. 
Broadly speaking, polysaccharides serve 
two main functions in living organisms. 
They largely determine the mechanical 
properties of supporting tissues, such as 
cell walls in plants and connective tissue 
in animals, and on the ther hand, serve 
as recognition and receptor sites, a 
function particularly well-studied in 
bacteria, in which polysaccharides may 
be involved in recognition and adsorption 
of bacterium and phage, and of bacterium 
ance host. 

It is this function of polysaccharide 
that has attracted the attention of two 
groups of workers, D. A. Rees and 
colleagues in the UK and S. Arnott and 
coworkers in the USA. Two recent 
publications present the first detailed 
conformation of branched polysac- 
charides and give structural information 
relevant to their function as agents of 
recognition (Moorhouse et al. J. molec. 
Biol. 109, 373; 1977; Morris et al. 
J. molec. Biol. 110, 1; 1977). 

Structural information qn  polysac- 
charides has been scanty until com- 
paratively recently because no polysac- 
charide gives enough X-ray evidence to 
allow a complete determirfation of 


structure. The recent sfectacular advances 
stem, not from advances in the technique 
of X-ray analysis itself, but from a 
combination of X-ray data with con- 
formation theory as developed by Rama- 
cHfandran and his colleagues and modified 
particularly by Arnott and his group 
(Ramachandran et al. J. molec. Biol. 7, 
$5, 1963; Arnott & Wonacott J. molec. 
Biol. 21, 371; 1966; Arnott & Scott 
J. Chem Soc. Perkin 324; 1972; Arnott 
et al. J. molec. Biol. 90, 253; 1974). Both 
Moorhouse et al. and Morris ef al. use 
this approach in defining the structure of 
their polysaccharides and, with the 
former, in presenting computer-drawn 
models complete with the necessary hydro- 
gen bonding within and between the 
molecular chains and the positions of in- 
chided water and anions. 

Moorhouse et al. deal with a capsular 
polysaccharide from Escherichia coli 
strain Bil61/42(09:K 29(A):H) in the form 
of chains of hexasaccharide repeating 
units [-2-a-mannopyranose-(1 — 3)-f-p- 
glucopyranose({i —> 3)-B-p-glucuronic 
acid{1 — 3}a-p-galactopyranose-(1 >] 
with a disaccharide [B-p-glucopyranose- 
(1 > 2)-a-p-mannopyranose] attached by 
a 1 — 4 link from the mannopyranose 
residue to the glucuronic acid. Pyruvate 
is attached to every terminal D-glucose 
residue. This polysaccharide has been 
isolated from the serotype K29 and from 
two mutants, M13 and M4l. The 
structuredurns out to be the same for the 
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mutants as for the wild type. The unit 
cell of fibres maintained at 92% R.H. is 
orthorhombic with dimensions a = 
2.030 nm, b = 1.178 nm, c (fibre axis) = 
3.044 nm. This contains four hexasac- 
charide units, one along each c edge and 
one central, and the space group P2,2,2, 
dictates that the central chain lies anti- 
parallel to the side chains. The con- 
formation of the chain is presented in 
Fig. 1. The main chagn lies in a two-fold 
helix and thè side chains are folded back 
to lie parallel to the main chain. Of the 
15 potential hydrogen donors in each 
asymmetric unit, only five have | been 
explicitly identified as participating in 
hydrogen bonds within and between 
chains. Presumably the other 10 may 
represent hydrogen bond bridges utilising 
a single wattr molecule between the 
chains. When the fibres are dried over 
silica gel, the unit cell is reduced in volume 
by contraction in a (to 1.73 nm) and 
b (to 1.02 nm) and then several of these 
bridges appear to be converted into direct 
intermolecular hydrogen bonds. In vivo, 
this highly hydrated polysaccharide is 
attached to the exterior of the cell in all 
three forms either as a capsule or 
contributing to long loose strands which 
project outwards. 

Its functions seem to be many. E. coli 
phage 29 is highly specific for this cap- . 
sule, cleaving §-D-glucosido-(i >3)}p- 
glucuronic acid bonds exclusively and is 
dependent on the presence of the pyruvate 
ketal. The authors consider that the viral 
glucanase may move along the polymer 
strands, cleaving the glycosidic bonds and 
thereby opening a path for the phage 
head. Some particular conformational 
aspect of the polysaccharide, still to be 
determined, may then direct the phage toa 
particular site Otherwise, the capsular 
polysaccharide prevents bacteriophages 
specifio for cell wall receptors from 
infecting the cell and protects the bacteria 
from phagocytosis by macrophages; the 
structure so far elucidated gives no clue 
to the molecular mechanisms involved. 

Although Morris et al. (op. cit.) refer 
to the structure determination of the 
polysaccharide they discuss, the details 
have not yet been reported and their 
paper deals exclusively with the behaviour 
of the chain molecules in solution, as 
judged by temperature effects on optical 
rotation, circular dichroism, proton mag- 
netic resonance and viscosity; to this 
extent it complements the findings of 
Moorhouse et al. They deal, however, 
with different polysaccharides, the extra- 
cellular polysaccharides of Xanthomonas 
spp., pathogens responsible for blight 
disease of a number of important crop 
plants. These have a range of distinctive 
rheological properties which give them 
a variety of industrial uses. The primary 
structure consists of a backbone 
of repeating [~4)-B-p-glucopyranose- 
(1 +4)-B-p-glucopyranose(1—] as in cel- 
lulose, with a substituent [3->1)-a-p- 


~T 


Nature Vol. 266 24 March 1977 


mannopyranose-6-O- ‘acetate-(2>1)-B-p- 
glucuronic acid-(4->1)-B-p-mannopyran- 
ose] on every other glucose residue. Each 
side chain appears to carry O-acetate, 
but ın addition pyruvate is found at- 
tached to mannose residues though only 
to about one third of this extent. 

The crystallographic evidence (not 
yet reported) is said to imply that the 
side chains, like those of the E. coli 
polysaccharide, fold down to form 
favourable noncovalent integsactions with 
the main chain, and the molecule as a 
whole constitutes a five-fold helix in the 
form of a rigid rod. All the spectro- 
scopic evidence with solutions points to a 
change from an ordered form to a dis- 
ordered form as the temperature 1s raised. 
The transition temperature is independent 
of concentration and from-this it is argued 
that the ordered form is a single-chain 
species (though it is agreed that this is 
not yet completely certain) and that this 
ordered form could have the same con- 
formation as in the fibre This last con- 
sideration is one that vexes all attempts 
to understand solution properties, and 


‘properties in vivo, ın terms of the con- 


formation. of the solute molecule when in 
a crystallite, and it cannot be said that 
the authors give direct proof of this 
correspondence. If the correspondence is 
acceptable, then the rheological behaviour 
can be understood in terms of weak 
interactions between rigid rods forming a 
tenuous three-dimensional network which 
is dispersed as the temperature rises. 

A clue to the function of the poly- 
saccharide of this pathogen is given by 
the observation that when mixed with 
even low concentrations of galacto- 
mannan the mixture may gel even 
though neither polysaccharide alone does 
so. The interaction is themmally reversible, 
and the gel is stronger when the ratio of 
mannose to galactose is 4:1 than it is ata 
ratio of 3:1, and when the ratio is 2:1 
the mixture does not gel at any temper- 
ature. From this ıt ıs deduced that non- 
covalent binding occurs between the 
unlike chains of ‘cellulose’ and mannan. 
This could be regarded as ‘recognition’ of 
one polysaccharide by another. The 
interaction is not confined to galacto- 
mannans, however, but occurs with other 
polysaccharides with the B-1, 4-linked 
backbone including cellulose derivatives 
(Dea, Morris & Rees, in the press). There 
are therefore in the walls of the host plant 
a number of polysaccharides to which the 
bacterial polysaccharide might become 
attached and the suggestion made by the 


‘authors that this might constitute a 


molecular ‘holdfast’? securing the patho- 
gen to the cell surface is not without its 
attraction. In going further by suggesting 
that this mechanism might ensure recog- 
nition of particular sites on particular 
plants the authors are, however, clearly 
going beyond the evidence. There seems 
no reason at the moment to believe that 
this association between polysaccharides 
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Fig. 1 Molecular conformation of the 

M4! polysaccharide. Open circles, 

oxygen; hydrogen omitted. Broken lines 
denote hydrogen bonds. 


e 
would confer sufficient specificity and 
further evidence is needed on the poly- 
saccharide composition of cell wall 
surfaces in host and non-host plants 
before accepting this as ‘recognition’. 

It 1s welcome that two groups of 
workers have now delineated the con- 
formations of two branched polysac- 
charides and that, in spite of the different 
chemistry, there ıs an overall similarity 
between them. This will one hopes 
stimulate closer attention to the other 
partner in the proposed recognition 
mechanisms, namely to the possibility of 
variations in the matrix substances® of 
the walls of host and non-host cells, and, 
for E. coli, to the structure of the viral 
glucanase of phage 29 as a check on its 
compatibility with the function claimed. 
More remotely from the field of the 
present two papers, but of equal urgency, 
success with these two polysaccharides 
should stimulate attempts at the con- 
formation of branched polysaccharides 
in higher plant cell walls, to the benefit of 
cell wall mechanics both in cell growth 
considerations and in, for example, 
timber technology. The importance of 
these papers ranges well beyond the 
confines of bacterium/host recognition. 
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Laser dissociation 


from Grahagn Richgrds 


Lasers offer to chemists the possibility 
of controlling the specificity of chemi- 
cal reactions by choosing the energy 
af the laser beams so as to cause the 
rupture of particular chemical bonds. 
Most attractive from this point of view 
is the prospect of isotopic separation 
by laser dissociation of polyatomic 
molecules. Powerful COs infrared lasers 
have been used successfully to produce 
enrichment of boron isotopes from 
BCh, sulphur from SF; and more re- 
cently amongst heavier nuclei, osmium 
from OsO, (Ambartzumian er al., 
JETP Lett. 22, 43; 1975) and fholyb- 
denium from MoF, (Hudson et al. 
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ference, 1976). The hope is that the 
technique may lead to a method of 
separation of uranium isotopes by laser 
action on UFs. 

The dissociation of a molecule by 
infrared radiation, whose photons have 
enough energy to increase vibration but 
far too little to break a bond, can only 
succeed if many photons are absorbed 
so rapidly that enerfy is not lost on 
collision between molecules. The high 
power density of the CO, laser enables 
these conditions to be met, The sharp 
frequency of the laser may fit with a 
vibrational frequency of one isotopic 
species, but not with another since in 
fnolecules, as in all vibrating systems, 
the vibration frequency decreases with 
increasing mass of the oscillator. Once 
started up the vibrational ladder by ab- 
sorbing several photons, one isotopic 
molecular species may be decomposed 
leaving an isotopically enriched mix- 
ture. 

Despite a great deal of work, many 
questions about the mechanism of this 
potentially vafuable technique remain. 
How can a molecule absorb a number 
of quanta of the same energy even 
though the vibrational energy levels 
converge as dissociation approaches? 
It could be due either to multiphoton 
absorption (several photons abserbed 
at the same instant) or to the use of 
10tational energy levels which give fine 
structure to the vibrational energy 
ladder. Theoretically the former hypo- 
thesis seems more likely (Bloembergen 
Opt Commun. 15, 416; 1975), but 
even in the case most studied, SFe, 
the mechanism of multiphoton absorp- 
tion is far from completely understood. 
What are the dissociation products; 
how many photons can a single mole- 
cule absorb keyond the dissociation 
limit, and how is the excess energy 
distributed among the fragments? 
What is the effect of molecular colli- 
sions and is there an activation energy 
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barrier beyond dissociation? Maņy of 
the unanswered questions are clarified 
by the elegant experiment of Cogfiola 
et al. (Phys. Rev. Lett. 38, 17; 1977) 
on the multiphoton dissociation of SFe. 
They establish that the molecule does 
accumulate energy by sequential ab- 
sorption of photons and provide many 
details of the mechanism. ° 

Their experiment involved crossed 
molecular and laser beams; an SFe 
beam formed by expansion was crossed 
with a pulsed CO, laser beam (1 J per 
pulse). The fragments produced by 
multiphoton dissociation of the SFs 
were analysed with a quadrupole mass 
spectrometer whose position could be 
varied to measure the angular distri- 
butiqn of fragments. 

The observation of dissociation pro- 
ducts from the beam interaction region 
confirms that the multiphoton molecu- 
lar dissociation is indeed a unimolecu- 
lar process since there is no possibility 
of collision. 

The SF,t ion signal is always the 
most intense and no F,* was detectable? 
Ions with one, two or three fluorines 
removed and F* all have thee same 
parent molecule, SF;. The major pro- 
ducts are thus, SFs+F, rather than 


SF, and F: The possibility that clus- 
ters or van der Waals dimers of SF, 
are the origin of the fragment signals 
was ruled out by studying the depen- 
dence of the SF; signal as a function 
of SF, beam saturation pressure when 
no increase in intensity beyond that 
due to increased beam flux was seen. 

The translational energy released in 
the dissociation was found from the 
angular distribution of products using 
conservation of energy and linear 
momentum. It proves to be very small 
(< 6.3 kJ mol”), implying that there 
is no substantial barrier beyond the dis- 
sociation limit. The activation energy 
required beyond dissociation is less 
than 70cm”. 

The laser affords the possibility of 
varying intensity, power, polarisation 
and wavelength, and the SF, beam may 
be excited both vibrationally and rota- 
tionally. Further experiments should 
thus yield @etailed information about 
dissociation dynamics and internal 
energy distribution and energy tyansfer 
of an excited molecule before dissocia- 
tion. This should in future give a 
much better understanding of the 
mechanism of multiphoton dissocia- 
tion. C 


Specificity of chromatin transcription. 


from Stewart Gilmour 


Mucu of the information about gehe 
regulation in animals has come from 
experiments in which chromatin is 
transcribed im vitro with exogenous 
RNA polymerase. In many cases 
Escherichia coli RNA polymerase 1s 
used and it is pertinent to ask whether 
the transcriptional patterns reflect the 
regulatory features of chromatin or an 
incompatible marriage of bacterial 
polymerase and animal chromatin. 
Could it be that a bacterial enzyme may 
not recognise some active sequences in 
chromatin or perhaps transcribe other 
sequences which are normally inactive 
in vivo? An insight into this question 
haf been provided recently by Parker 
and Roeder (Proc. natn. Acad. Sci. 
U.S.A. 74, 44; 1977) for the particular 
case of 5S RNA gene transcription in 
isolated Xenopus oocyte chromatin. 
Normally in vivo these reiterated genes 
are trahscribed by RNA polymerase 
I and in immature oocytes this ac- 
counts for a substantial proportion of 
the total RNA synthesis. The spacer 
region between the gene copies is ap- 
parently not transcribed. 

In these experiments chromatin iso- 
lated from imntature X. laevis oocytes 
was transcribed in vitro with expge- 
nous RNA polymerase I and IN from 
X. laevis ovaries, polymerase II from 


mouse plasmacytoma cells and Æ. coli 
RNA polymerase. The authors devised 
a hybridisation assay which analysed 
tfe fidelity of the chromatin transcripts 
with respect to sense strand, anti-sense 
strand and spacer region copying of 
the 5S gene. This was achieved by two 
separate hybridisations. First, trans- 
cripts labelled with “H-UTP were 
hybridised to plasmid DNA contain- 
ing homologous X laevis 5S DNA in 
the presence and absence of saturating 
amounts of unlabelled 5S RNA. The 
levels of hybridisation in the two cases 
indicated the degree of sense and anti- 
sense strand copying and by simulta- 
neous inclusion of standard “P— 
labelled 5S RNA in the hybridisation 
reactions an accurate estimate, could 
be made of the total 5S RNA transcript 
synthesised. In the second analysis 
transcripts were hybridised to plasmid 
DNA containing 5S DNA from X. 
mulleri. Since only the 5S gene regions 
and not the spacer regions are homo- 
logous between laevis and mulleri any 
aberrant transcription of spacer will 
not score as hybrid in this case. 
Incubation of X. laevis chromatin 
without additional polymerase reveals 
endogenous polymerase III activity. 
About 40% of the transcript is 5S 
RNA transcribed from the sense strand. 
d 
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In control experiments where only 
*H-UTP is present some terminal addi- 
tion to 5S RNA occurs and an appro- 
priate correction has to be made. The 
addition of exogenous polymerase III 
results in a <50-fold increase in 5S 
RNA synthesis; the percentage of 5S 
RNA in the transcript is about the 
same as for the endogenous activity 
and is asymmetric. In contrast exo- 
genous polymerase I did not stimulate 
5S synthesis even though there was 
a net stimulation of total RNA syn- 
thesis above endogenous levels. In all 
cases a small but indeterminate amount 
of spacer transcription is seen.*It is 
clear that the transcription of 5S RNA 
from Xenopus chromatin requires the 
mediation of a specific polymerase. 
This conclusion is reinforced when 
chromatin is transcribed with mouse 
plasmacytoma polymerase II and E. 
coli RNA polymerase. In neither case 
is there a specific stimulation of 5S 
RNA synthesis. 

In another series of experiments 
purified X. laevis DNA was transcribed 
in identical conditions with Xenopus I, 
HI and E. coli polymerase. In each 
case only about 1% of the transcript 
was 5S RNA and copying was sym- 
metrical. Taken together these findings 
suggest that chromatin-associated pro- 
teins are required for the selective and 
asymmetrical transcription of 5S RNA 
genes in amphibian oocytes and that a 
specific polymerase is required to effect 
this. It is clear from the data that a 
high degree of proper initiation and 
termination occurs. The situation with 
other cell-free systems is unfortunately 
not so precise. A number of labora- 
tories are currently investigating the 
control of specific genes in a variety of 
animal systems (such as globin, ovalbu- 
min and histone genes) by analysing the 
in vitro transcripts from isolated 
chromatins, 

In nearly all cases E. coli RNA poly- 
merase rather than the homologous 
polymerase II is used because of the 
relative inactivity of the latter when 
added exogenously. The transcripts are 
usually analysed by hybridisation to 
complementary DNA made from the 
appropriate mRNA. It could be argued 
that the analysis is geared to the bio- 
logical expectation of the template 
rather than to the fidelity of the poly- 
merase, however it is clear from these 
experiments that bacterial polymerases 
can transcribe chromatin in a tissue- 
specific fashion. The question of how 
specific the overall transcription pro- 
cess is in these systems has been 
studied recently by Biesmann et al. 
(Biochemistry 15, 4356; 1976) by trans- 
cribing Drosophila chromatin with E. 
coli polymerase and hybridising the 
RNA to cDNA made to the polyadeny- 
lated nuclear RNA of the tissue. In 
summary these results showed that 
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while most of the sequences represented 
in the cDNA probe were also found in 
the transcript some aberrant transcrip- 
tion also occurred. While it is possible 
to demonstrate a fair degree of the 
in vivo transcription pattern in vitro 
by this approach it has to be conceded 
that some genes, like the 5S gene, may 
be subject to finer levels of control 
which may not be recognised by hetero- 
logous polymerases. Gross controls 
such as heterochromatisatign, acting at 
the structural level, might determine 
which tissue-specific genes are trans- 
cribed from chromatin in vitro and 
may’ require little discrimination on 
the part of the polymerase for the 
selective transcription of these genes. 


Difficulties in 
solving 

heparin structure 
from Edward A. Johnson 


HEPARIN has now been in clinical use 
for 40 years, but the achievement of 
anything like a complete understanding 
of its anticoagulant action still seems a 
long way off. The difficulties centre on 
our ignorance of the structure of 
heparin; or perhaps one should say 
structures, for it is clear that not only 
is the most thoroughly purified 
material a mixture of many compounds, 
but various components of the mix- 
ture exert different effects within the 
coagulation ‘cascade’—ethat insecure 
sequence of enzyme reactions which 
may sometimes begin with the. activa- 
tion of Hageman factor and (with 
more confidence) may be said to end 
with the cross-linking of fibrin by 
activated fibrin stabilising factor to 
form an insoluble clot. 

A matter in dispute since the dis- 
covery of heparin is its native form in 
tissue; more specifically, in the granules 
of mast cells which are its only certain 
source, although Jaques and coworkers 
(Lancet i, 411; 1977) have recently 
suggested that it may be present in 
other kinds of cell. Silbert, Austen ‘and 
coworkers (J. biol, Chem. 252, 518; 
1977) have now consolidated earlier 
work by Horner (J. biol. Chem. 246, 
231; 1971), confirming that, in some 
tissues at least, native heparin has a 
high molecular weight of the order of 
750,000 to 1,000,000. These large mole- 
cules are made up of a number of 
chains more nearly the size of com- 
mercial heparin (5,000-40,000) linked 
to a common core of uncertain 
character by polypeptides which, sur- 
prisingly, are resistant to all the pro- 





Triassic extinction 
or Jurassic 
vacuum? 


In his article “Triassic extinction 
or Jurassic vacuum?” (News and 
Views 265, 402; 1977), Milner refers 
briefly to my work on a Middle 
Jurassic microvertebrate locality in 
Oxfordshire. (Science 194, 1053; 
1977). He expresses hope that it 
and other new localities in Queens- 
land, India and the Isle of Skye 
may provide data on the times of 
extinction of the procolophonids, 
rhynchosaurs, thecodonts, dicyno- 
donts and temnospondyl labyrin- 
thodonts, all of which are conven- 
tionally supposed to have died out 
at the end of the Triassic. ° 
The Oxfordshire site has yielded 
isolated bones and e teeth of 
mammals, therapsids, theropods, 
ornjthischians, ?sauropods, ptero- 
saurs, crocodilians, lepidosaurs, 
chelonians, anurans and actino- 
pterygians, but in spite of a deli- 
berate search, no teeth of labyrin- 
thodonts have yet been found. The 
fragmentary condition of the 
material would not permit ready 
identification of the other Late 
Triassic, groups to which Milner 
refers even if these were present. 
The divérsity of the vertebrate fos- 
sils from Oxfordshire indicates that 
a wide range of vertebrate palaeo- 
environments fell within the catch- 
ment area of the deposit, and that 
therefore the absence of the 
labyrinthodonts in the Late 
Bathonian is real rather than 


apparent. 
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teases to which they have so far been 


exposed. However, treatment with 
aqueous alkali, a procedure often used 
in commercial heparin extraction, 
readily releases the chains from the 
core to give a product which is pre- 
sumably the equivalent of the heparin 
of commerce. 

Heparin, as a strongly anionic poty- 
sacclfaride, exerts its effects by binding 
specifically to basic regions of certain 
proteins, in particular to antithrombin 
IH (see Seegers, Rosenberg and other 
workers in Adv. exp. Med. Biol. 52, 
1975), the inhibitory action of which 
on serine esterases in the coagulation 
cascade is thereby greatly accelerated. 
It is reasonable to suppose that binding 
will depend on the presence of appro- 
priate sequences peculiar to the heparin 
chains, since related acidic glyco- 
saminoglycans and other polysac- 
charides, whether artificially sulphated 
or not, are all far less effective than 
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heparin in the test systems used. The 

ifficulties of identifying these 
sequences are very great, principally 
because heparin is always heterogenous, 
a complete obstacle to the quasi-stati- 
stical methods used in sequencing pro- 
teins. Also, hydrolytic degradation is 
invariably accompanied by far more 
damage to the released fragments than 
occurs with peptides, and enzymic 
methods have to be used. 

Useful initial fractionation may be 
carried out by making use of protein- 
heparin binding, and, by adsorption on 
matrix-bound antithrombin or by 
related procedures, several groups of 
workers (Lam et al. Biochem. biophys. 
Res. Commun. 69, 570; 1976, Höök 
et al. FEBS Lett. 66, 90; 1976; 
Andersson et al. Thromb. Res. $, 575: 
1976) have concentrated heparin frac- 
tions with strong antithrombin binding 
from various commercial preparations. 
Such high-affinity material has been 
called, too loosely, ‘active’ heparin in 
contrast to the more weakly bound in- 

° active heparin (which seems to be 
indistinguishable in its general physico- 
chemical properties), but it has yet to 
be proved that antithrombin-binding 
capacity in vitro is the only significant 
criterion for anticoagulant activity in 
heparin. It may be important: but 
there is certainly evidence that, at least 
in vitro, the antithrombin-binding 
capacity of certain heparin fractions 
does not follow their activity in other 
and presumably unrelated stages in the 
Coagulation cascade (Andersson ef al. 
Thromb. Res. 9, 575; 1976). High- 
affinity heparin is still very hetero- 
geneous, but Lindahl’s group, with 
Linker (FEBS Lett. 69, 51; 1976), has 
taken a further step by adsorbing hepa- 
rin fractions on antithrombin- 
Sepharose and incubating the complex 
with heparinase. The segments of the 
heparin chains bound to the protein 
were not attacked, but could be dis- 
placed in the usual way by increasing 
the ionic strength. The material iso- 
lated in this way had molecular weights 
of 2,000 to 5,000 (6-16 monosaccharide 
units), depending on the heparin start- 
ing material, but was still hetero- 
geneous. 

This kind of approach, ultimately 
identifying and comparing the heparin 
segments that are most strongly bound 
to various proteins involved in coagula- 
tion, is difficult and laborious; few of 
the other relevant proteins are as easy 
to isolate or as stable as antithrombin 
IMI. Nevertheless, it is probably the 
best hope so far of gaining a proper 
understanding of heparin anticoagula- 
tion. Additional help can come from 
fluorescenee and circular dichroism 
effects of heparin—protein interactions 
and also from X-ray diffraction studies 
on heparin salts—which may give some 
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insight into heparin conformations in 
solution—but so far as can be seen 
the obstacle of heparin heterogeneity 
must in every case*limit the informa- 
tion that can be gained. Any useful pro- 
cedure should include studies of 
heparins from different tissues and 
species; lung and mucosal heparins 
have been known for many years fo 
differ chemically to a small but con- 
sistent extent (do the mast cells differ?) 
and, since this difference is now known 
to be paralleled by differences in rela- 
tive activity at different stages in the 
coagulation’ cascade, its significance 
needs to be examined. 

One of the driving forces behind this 
work has been the importance of 
hepagjn in clinical practice, including, 
especially, its use for antithrombotic 
prophylaxis following majoy surgery 
(see Heparin: Chemistry and Clinical 
Usage (eds Kakar and Thomas) 
Academic, London, 1976). It is 
generally agreed that in this context, 
where prevention of venous thrombosis, 
must mot be accompanied by a 
tendency to haemorrhage, antithrom- 
bin potentiation, as determined By the 
so-called anti-Xa assay, is as yet the 
best criterion of, efficacy. A recent ob- 
servation of Thomas and coworkers 
(Lancet i, 120; 1977) is therefore dis- 
turbing; it demonstrates that a semi- 
synthetic heparin-like compound, which 
has negligible anti-Xa activity in vitro, 
nevertheless shows excellent antithrom- 
bin potentiation in the human subject. 
In heparin therapy the correlation of 
assay results in vitro with consequences 
in vivo has been taken on trust perhaps 
more than in other fields, and this will 
also need reconsideration. C 


Probing facilitated 
transport 


from S. J. Smith 


INSULIN acts on fat cell plasma mem- 
brases to promote glucose uptake and 
its stimulation of the utilisation of this 
sugar seems to be amplified by the 
production of a ‘second messenger’. 
The glucose transport system in 
adipocytes has been well characterised 
as a carrier-mediated facilitated difu- 
sion mechanism which shows bidirec- 
tionality, stereospecificity and satura- 
tion kinetics. However, little is known 
about the system in structural terms. 
Aryl azide derivatives provide a 
powerful technique—photo-affinity 
labelling—for identifying sites of bio- 
logical importance. Irradiation of the 
probe causes photolysis of the aZido 
moiety producing a highly reactive 
nitrene, which can react dovalently 


with any groups that lie within reach. 
In order to provide any interpretable 
information, the reagent must be 
shown to bind at the required locus 
before photolysis. Singer and coworkers 
have recognised the possibility of 
‘pseudo-affinity’ labelling, which could 
occur, where the photolytic inter- 
mediate is able to bind reversibly to 
and dissociate from the active site 
before a covalent bond is formed. In 
such cases, the process would be ana- 
logous to affinity labelling. Attempts 
have been made to use this technique 
to label biological receptors in various 
systems. 

Recently, a photoreactive aryl azide 
derivative of glucose, N-(4-azido-2 nitro- 
phenyl)-2-amino-2-deoxy-p-glucose has 
been used to label adipocyte mem- 
branes (Trosper & Levy J. biol. Chem. 
252, 181; 1977). In the absence of 
light it has been shown to inhibit 
the uptake of p-glucose and 3-O-methyl 
glucose competitively, and conversely, 
the uptake of the probe is decreaged in 
the presence of glucose. Measurement 
of the initial uptake of the probe gave 
values for K, and Vmax similar to those 
obtained for glucose in identical con- 
ditions, suggesting that both sugars are 
being transported by the same system. 
When intact adipocytes were treated 
with the radiochemically-labelled de- 
rivative, on photolysis only. four hot 
membrane components cotld be identi- 
fied in SDS polyacryfamide “gels of the 
purified plasma membrane fraction. 
When homogenised material was used 
most of the membrane proteins become 
labelled. Two of the specifically labelled 
cdinponents were found to be glycopro- 
teins with apparent molecular weights 
100,000 and 81,000. In the presence of 
glucose, labelling of these components 
was significantly reduced, suggesting 
their involvement in the glucose trans- 
port system. Two lower molecular 
weight proteins, located on the external 
surface of the adipocyte membrane 
were also modified, but substrate pro- 
tection could not be demonstrated. 

The participation of membrane 
phosphorylation in the regulation of 
permeability has been implicated in, 
far example, toad bladder and rat 
brain synaptic membranes and two 
reports suggest that this process may 
be involved in modulating the effect of 
insulin on glucose uptake. Cuatrecasas 
(J. biol. Chem. 249, 3170; 1974; 249, 
6854; 1974) reported that low concen- 
trations of exogenous ATP can inhibit 
insulin-stimulated glucose transport and 
that this effect is associated with the 
phosphorylation of two membrane 
components of molecular weights 
22,000 and 16,000 which can be separ- 
ated from unlabelled components by 
SDS polyacrylamide gel electrophoresis. 
Phioretin, a strong competitive in- 
hibitor of glucose transport, can pro- 
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tect cells from the ATP effect with 
concomitant reduction in the phos- 
phorylation of both these components. 
In these experiments the binding of 
**T-labelled insulin was unaffected, as 
was the anti-lipolytic effect of the 
hormone. In further studies, it was 
found that in the presence of cyclic 
AMP, but not cyclic GMP, the same 
membrane proteins were rapidly phos- 
phorylated, and a Ca’*-sensitive cyclic- 
AMP depefident kinase was isolated 
from purified adipocyte plasma mem- 
branes. This system could not be found 
in guinea pig adipocytes, where glu- 
cose transport is not sensitive to in- 
sulin. The physiological importance of 
these findings is difficult to assess, 
particularly as no direct effects of 
insulin or adrtnaline could be obtained 
by pretreatment of the cells with hor- 
mone before purification of the mem- 
branes. 

However, more recently Avruch 
et al. (J. biol. Chem. 251, 1511; 1976) 
have shown a significant increase in 
the phosphorylation of a 26,000 mole- 
cular weight component of adipocyte 
plasma membrane, in the presence of 
adrenaline (even at physiological con- 
centrations) and it seems that this 
effect is reversed when insulin is also 
present. The relation, if any, of this 
protein to that described by Cuatre- 
casas is obscure. Higher molecular 
weight membrane components (79,000 
and 62,000) could also be phosphoryl- 
ated, but the extent of this was not 
hormone sensitive. 

The development of the aryl azide 
derivative of glucose, which seems to 
be a potential probe for the facilitated 
glucose transport system provides an 
obvious strategy for the next step, de- 
termination of whether these phos- 
phorylated proteins are involved in the 
regulation of glucose uptake. Cl 


Plugging the gap 
in the astronomical 
spectrum 


from a Correspondent 


Tue last gap in the electromagnetic 
spectrum available for observation by 
astronomers seems likely to be plugged 
in the near future, with the develop- 
ment of instruments purpose built for 
operating in the 1 to 10mm band, 
between infrared and radio astronomy. 
One such instrument, with a dish 10 m 
across, has been proposed by observers 
at CajJTech, where a small test dish has 
already been built. At the meeting of 
the Royal Astronomical Society on 
11 March R. E. Hills, of the Mullard 
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Radio Astronomy Observatory in 
Cambridge described plans for a pro- 
posed UK instrument, with a dish 15m 
across and designed to operate down to 
0.8 mm. 

This project—at least as a design 
exercise—got of the ground 18 
months ago when the Science Research 
Council set up a steering committee, 
chaired by Anthony Hewish and 
managed by members of the Appleton 
Laboratory, with Hills® as project 
scientist. The product now available is 
a fairly advanced design and specifica- 
tion, for an instrument intermediate 
between a conventional optical tele- 
scope and a radio dish, requiring its 
own technology but incorporating 
ideas from both those areas. 

Hills explained that the lack of ob- 
servations in the millimetre gap has 
been due to inadequate technology; the 
photons in this band each carry too 
little energy to trigger the kind of 
detector used in, say, X-ray work, but 
the wavelengths are small enough to 
make observation by standard radio 
techniques difficult. With infrared 
observers pushing one way—stretching 
their instruments beyond their original 
design capability—and radio astro- 
nomers pushing the other, the gap has 
shrunk, and now the technology is 
available for purpose built instruments 
to complete the job. 

Why should astronomers be so keen 
to plug this gap, when already today 
they have access to far more informa- 
tion, across a broader band of the 
spectrum, than ever before? Primarily, 
the prospects are exciting because this 
band corresponds to emission from cold 
material, at about 10K, and therefore 
provides a window to view the very 
substantial fraction of matter in the 
Universe that is now known to exist in 
cold clouds. Star formation regions, 
cool envelopes surrounding old, 
evolved stars, the distribution of cold 
matter across individual galaxies, and 
the differences between galaxies, could 
be probed with the new telescope and 
there is also the prospect of penetrating 
deeper, in observational terms, into the 
dusty, active regions at the centre of 
many radio galaxies and similar 
objects. 

How is this to be achieved? The 
instrument described by Hills, although 
larger than any existing optical tele- 
scope, would still be housed in a dome, 
but a dome with a rather large aper- 
ture in order for the large dish to have 
an unobstructed view. This would raise 
problems with wind blowing into the 
dome, which might be overcome by 
providing a screen of material, trans- 
parent at millimetre wavelengths, 
across the ‘slit’—something suitable 
might be sailcloth backed with poly- 
thene. The instrument itself, the steer- 


ing committee suggests, should be 
parabolic, designed on the homology 
principal which has proved so success- 
ful with some very large radio tele- 
scopes. This technique allows the 
instrument to bend under its own 
weight as it is moved into different 
orientations, but the design ensures 
that it always bends into a paraboloid; 
the effect is to shift the focus of the 
instrument, but it is much simpler to 
move the detectors sited at the focus as 
necessary than to attempt to keep the 
whole dish rigid. 

Such a 15-m instrument should give 
13 arc s resolution (better than single 
radio dishes; worse than optical tele- 
scopes) and would need a pointing 
accuracy of 2 arc s to make best value 
of the resolving power. The estimated 
cost of such a facility is £3.5 million, 
enough to make the SRC blanch at the 
present time, no doubt, but not so 
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great as to make this an ebay ‘pie 
in the sky’ project. The instrument 
would, of course, have to be built at 
a high sité free ftom obscuring water 
vapour—the criteria are essentially the 
same as those which make Hawaii the 
site of the UK infrared telescope—and 
this would certainly mean that it would 
Be run as a national facility for use by 
many teams, as large optical telescopes 
are, and would not be the raison d’etre 
of a single group, as has generally 
been the case with large radio observa- 
tional facilities. There is no doubt that 
the need for the facility exists, since 
nothing else now being planned will 
observe below 3mm, and since most 
other planned instruments are restric- 
ted because they are to be built, inside 
fixed radomes, with no opening slit. 
But any. project requiring millions of 
pounds of new money today must have 
only slender prospects of realisation. 


Pluto : the little-known planet 


from David W. Hughes 


PLuto, the ninth and most distant 
planet in. the Solar System has been and 
still is an Sbject of considerable mys- 
tery and controversy. In 1930, when it 
was discovered, people were worrying 
about what to call it, Minerva and 
Pluto leading the field. Pluto, the 
brother of Jupiter and Neptune, won. 
Today, 47 years later, controversy Still 
rages over its most fundamental physi- 
cal parameters, its diameter, mass, 
density, surface covering and spin axis 
direction. 

The first measurement of Pluto’s dia- 
meter was made by Kuiper in 1950. 
Observing with the Hale Observatories 
200-inch telescope at Mount Palomar 
during a period of excellent seeing, 
Kuiper compared the planet’s image 
with that produced by a ‘“‘disk meter”, 
a device which produces an artificial] 
image of adjustable brightness, colour 
and diameter. He obtained an angdlar 
diameter of 0.23 s of arc equivalent to 
a planetary diameter of 5,900 km. Un- 
fortunately the systematic errors in 
such measurements of marginally re- 
solved images are rather large. The 
fact however that Pluto did not occult 
a specific star in 1965 gave an upper 
limit to the diameter of 6,800 km. 

An indirect approach to the dia- 
meter can be made by measuring the 
brightness of the planet and the albedo 
(or reflectivity) of its surface. Cruik- 
shank, Pilcher and Morrison of the 
Institute for Astronomy, University of 
Hawaii, used the 158-inch Mayall tele- 


scope at Kitt Peak National Observa- 
tory to measure the reflectance of 
Pluto in the near infrared (1.2 to 
2.2m). They used standard JHK 
filters and two specially made narrow 
band filters centred at 1.55 and 
1.73 um. Their results are reported in 
Science (194, 835; 1976). 

The most likely constituents of the 
surface of the outer planets of the 
Solar System are the ices or frosts of 
water, carbon dioxide, ammonia and 
methane. Water ice has already been 
found in the rings of Saturn, on four 
of Saturn’s satellites and also on the 
Jovian satellites Europa and Ganymede. 
Fortunately reflectance measurements 
between 1.4 and 1.9m can distin- 
guish between CH, HO and NH; and 
Cruikshank eż al. find that the ratio 
between the flux at a wavelength of 
1.55 um and that of 1.73 wm is eSpeci- 
aly useful diagnostically. For Pluto 
this ratio is 1.6+0.1 which they inter- 
pret as indicating that CH; frost is the 
dominaht reflecting material on Pluto’s 
surface. The observations rule out the 
existence of large quantities of H:O or 
NH; frost and of CH, hydrates. The 
CH, frost is probably mixed in with 
silicate or carbonaceous material. 

There are two possible sources for 
this solid methane. First the tempera- 
ture of the pre-planetary nebula could 
have drépped below 40K at Pluto’s 
distance from the Sun leading to the 
direct condensation of solid CH.. 
Standard equilibrium condensation 
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models would then indicate that Pluto 
has a mean density of 1.2gcm™. 
Second, CH, 8 H:O could have côn- 
densed out at nearer 70 ©, internal 
heating in the planet leading to the 
outgassing of CH: which subsequently 
froze on reaching the surface. 

The brightness of a planet is propor- 
tional to d’a/R* where d ıs the dia? 
meter, a the albedo and R the distance 
between the planet and the observer. 
Rocky planets and satellites (Mercury, 
Mars, Moon) have low albedoes (0.056, 
0.16, 0.067), frost covered satellites 
(Europa, Ganymede, Rhea, Dione and 
Tethys) have albedoes in the range 
0.4 to 0.6. The presence of CH; frost 
on Pluto would put its albedo into this 
range g00. Assuming that Pluto has an 
albedo of 0.4 and a mean opposition 
magnitude of 14.90, the diameter 
would be 3,300km. An albedo of 0.6 
implies a diameter of only 2,800 km. 
Both these values make Pluto smaller 
than our Moon (diameter 3,476 km). 


But Pluto is not completely covered , 


with CH; frost. If it were its bright- 
ness would be constant. Between 1952 
and 1955 the magnitude varied a&ym- 
metrically by about 0.11 with a period 
of 6d 9h 17 ming this being the rota- 
tion period of the planet. The bright- 
ness fluctuations are caused by succes- 
sive passages through the meridian of 
regions of differing reflectivity. Anders- 
son and Fix (Ucarus 20, 279; 1973) 
found from observations made between 
1971 and 1973, that the amplitude 
variation is now larger (0.22 mag) and 
the mean magnitude’ fainter (15.1). 
This is thought to be due to a change 
in the aspect of the planet as it moves 
round its orbit. The equatorial plane 
of Pluto is probably inclined at over 
50% to orbital plane and the decrease 
in brightness is thus due to the sub- 
Earth point on the planet moving to- 
wards the equator during*the past 40 yr, 
the polar regions having a higher 
albedo than the equatorial regions. 

The mass of Pluto has been obtained 
from observations of the perturbations 
that this mass induces in the orbital 
motiens of Uranus and Neptune. 
Seidelmann et al. (Astr. J. 76, 488; 
1971) obtained, for example, a value of 
0.11+0.02 Earth masses (6.6 10™ g). 
However Ash, Shapiro and, Smith 
(Science 174, 551; 1971) found that the 
value obtained for the mass of Pluto 
is extremely sensitive to the choice of 
perturbation data and parameter sets 
and that this mass cannot be deter- 
mined with any certainty from this 
source. | 

If the density and size of the planet 
are known the mass can be easily esti- 
mated. The surface of Pluto inferred 
from the observations of Cruikshahk 
er al. is exactly that to be expected for 
a large object which condensed at low 


temperatures in the outer solar nebula. 
Its composition is probably dominated 
by frozen volatiles, just like most outer 
planetary satellites. (Remember there 
is a distinct probability that Pluto. used 
to be a satellite of Neptune, but escaped 
during some encounter with Triton in 
the early tumes of the Solar System). 
If this is so its mean density is likely 


to be between 1 and 2g:cm™ Com- ` 


bining these with Cruikshank et al.’s 
values for the diameter (3,300 km if 
a=0,4, 2,800 km if a=0.6) gives mass 
values in the range 1.210" to 
3.8X 10" g, about 1/250 the mass of 
Earth. This mass is much too small to 
perturb, Uranus and Neptune in a 
measurable fashion, a conclusion which 
leads to two interesting consequences. 
First Clyde Tombaugh’s discoyery of 
Pluto must have been to a great extent 
fortuitous, the result of a „diligent 
search and not an accurate, mathe- 
matically-derited, prediction as to the 
planet’s position, Second if Pluto is not 
responsible for the perturbation of the 
orbits of Uranus and Neptune, some- 
thing else must be; another planet or 
the cometary cloud perhaps? (J 


Palynology at 
Lucknow T 


from Peter D. Moore 


The 4th International Palynological 
Conference was held at Lucknow 
of 29 December 1976-5 January 


1977. The Proceedings are to be 
published. 





OF particular interest at the conference 
were the accounts given of recent 
vegetation history in the tropics and 


subtropics, based upon studies of sub- 


fossil pollen grains stratified in peats, 
lake sediment and salt lake deposits. In 
contrast to the temperate areas of the 
world, the lower latitudes have been 
neglected and their recent environ- 
mental history is consequently little 
known. The work of J. R Flenley 
(University of Hull) in New Guined and 
A. P. Kershaw (University of Can- 
berra) in north-eastern Australia has 
shown that tropical rain forest has not 
had the long uninterrupted Quaternary 
history which was once imagined. On 
the Atherton Tableland of Queens- 
land, Australia, at an altitude of over 
700m, Kershaw has shown that the 
vegetation changed gradually from a 
microphyll vine forest to sclerophyllous 
woodland at about 25,700b.p, which 
could have been due to increasing 
aridity or to the influence of early man, 
using fire The development of rain 
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forest at the site did not occur until 
about 7,000 b.p.» 

Within India itself, the work of G. 
Singh (University of Canberra) and 
others has been of. considerable value 
in elucidating the history of the deserts 
of western Rajasthan. The study of 
dry salt Jakes in this area has shown 
that between 10,000 and 4,000 b.p. the 
sites were occupied by freshwater 
lakes and the pollen cbntained in these 
sediments defnonstrates a development 
through Artemisia steppe to savannah 
vegetation with trees and shrubs. 
Desert encroachment followed this 
phase and is considered to be the pro- 
duct of climatic rather than cultural 
changes. 

The argument about human involve- 
ment in recent vegetational changes is 
never easy to resolve. The presence of 
cereal pollen is often taken as evidence 
of human settlement and cultivation 
and therefore human potential for 
habitat modification. Cereal type pollen 
grains (40-50 um) were found in the 
Rajasthan desert as far back as 9,300 
b.p. and V. Mittre (Lucknow) reported 
even earlier finds of large Gramineae 
pollen in India. The Middle East 
records of cereal pollen were collated 
by A. Leroi Gourham (University of 
Paris); in Iran cereal pollen has been 
found in deposits going as far back as 
60,000 bp., thus demonstrating the 
existence of, presumably, the wild pro- 
genitors throughout the last glacial 
climatic episode. In Lebanon and 
Syria, herbaceous pollen was 
during the forested times of the last 
glacial, but increased with forest de- 
cline (here cereal pollen is defined as 
being in excesseof 60 um). 

The recognition of true cereal pollen, 
however, is not a matter over which 
all palynologists agree. Size criteria are 
most frequently used, but it is well 
known that mounting media can alter 
the sizes of pollen grains, they may 
swell in the course of time, and also 
some wild grasses have large pollen 
grains. E. Kohler and E. Lange 
presented some preliminary data on 
scanning electron microscope studies of 
grass pollen in an attempt to define 
cereals on more reliable morphological 
grounds, Only four genera (12 spp.) 
have been examined in detail so far, 
but four distinct: types of sculpture 
have emerged. Sculpture alone how- 
ever, does not provide a means of 
separating cereal from wild grass 
pollen. It is hoped that combinations of 
size, pore and sculpture type criteria 
will permit a more critical definition 
of pollen types within the Gramineae. 
Such a definition is vital to the further- 
ance of the study of primitive agri- 
culture, its extents and its influence 
upon vegetation in the Middle East and 
India. O 
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review article | 
Modelling the structures of amorphous metals and alloys 


J. L. Finney* : 








The application of random packing models to amorphous metals and metal-metalloid alloys is discussed, 
with particular reference to the éffects of soft potentials, boundary conditions, and density. The local atomic 
organisations found leads to structural speculation concerning the glass transition, and the existence of 


‘amorphous polymorphs’. 





SINCE the late 1950s when Duwez developed his ‘splat-quenching’ 
technique for the rapid cooling of liquids', a range of non- 
equilibrium, solid metallic alloy phases have been produced. Many 
such materials, and others produced by sputtering, and by electro-, 
chemical, and vapour deposition, exhibit mterestjng and poten- 
tially useful mechanical, magnetic and corrosion-resistant pro- 
perties More recently, amorphous (pure) metals have been 
prepared by vapour deposition on cold substrates? *. 

Many (though by no means all) of these materials are non- 
crystalline*. This non-crystallinity raises severe problems when we 
try to understand their structure—property relations. The absence 
of a regular underlying lattice organisation makes it difficult (and 
often dangerous) to apply many of the powerful methods of solid- 
state physics to such systems. Their structural characterisation is 
related more to dense liquids than crystalline solids. Rapidly 
quenched liquids at least might be directly related to the liquid 
organisation from which the ‘glassy’ solid is formed; thus there is 
little reason even to expect crystal nucleation to have taken place. 


* 


Use of models 


This conceptual and mathematical vacuum—the absence of 
mathematical formalisms capable of dealing adequately with 
dense, non-crystalline aggregates of atoms or molecules—-has been 
partly filled by the development of methods of structural model- 
ling. Models of particular non-crystalline atomic or molecular 
aggregates can be built both in the laboratory® 3‘, and on a 
computer!*28, Properties predicted by such (numerical) models 
can be compared with those observed experimentally, and disag- 
reements used to improve the original model. Such modelling 
techniques were used extensively ın the early days of crystallog- 
raphy. The question was asked: ‘what structural arrangement of 
molecules can I construct which 1s (1) consistent with what I know 
about the way these molecules interact, and (2) consistent with the 
existence ofa regular, repeating lattice in three dimensions?’ Thus, 
the crystal chemist explained the structures of the rare gas solids in 
terms of close-packing of hard spheres, or ionic structures in terms 
of charge and size effects, and of diamond in terms of tetrahedral 
covalent bonding. Such explanations began as ‘ideal’ structures, 
which were later improved by taking into account more subtle 
effects such as the detailed nature of the potential function, 
polarisation and three-body interactions 

Modelling techniques as applied to non-crystalline solids are in 
principle stmilar. We ask a slightly different question: ‘What 
structures cand build which are (1) consistent with the interactions 
between molecules (the ‘potential function’) but (2) not con- 
strained by a regular lattice? Asin the crystalline case, we establish 
first an ‘idealised’ structure of our amorphous metal or alloy. This 
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*Crystallography Department, Birkbeck College, Malet Street, London, 
WCI, UK. 


idealised structure should relate to the real structure as an idealised 
crystal structure (such as a cubic close-packing of hard spheres) 
relates to the real crystal. The idealised structure is then rmproved 
upon to explain ın more detail the structure and properties of the 
real non-crystalline material. 

Such modelling techniques have been applied specifically to a 
variety of non-crystalline solids, for example, silicate and other 
oxide glasses®®, amorphous Si and Ge (refs 10, 26, 27), amorphous 
ice?®, and chalcogenide glasses?™32, Although different systems , 
present different problems to the modeller, the principles—and the 
pitfalls—are essentially simjlar in all casas. The structures of 
amorphous metal films (for example, Co, Ni (refs 2, 4) and glassy 
transition metal—metalloid alloys (NiP (ref. 5), CoP (ref. 28)) have 
been explored extensively by modelling and illustrate the principles 
and problems particularly well 


Specific application : 

To answer the model-builder’s question above, we need first to 
strip the potential function down to those aspects which we think 
are structure-determining, and second to devise a method of 


Fig. 1 The embedding problem. The structure of our finite model 
must correspond to that structure which would be consistent with its 
embedding in a matrix of (statistically) equivalent structure. 
Embedded model, 
confined boundary 


Isolated model, 
free boundary 


r Matrix of statistically 
equivalent structure 
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Fig. 2 Pair distribution functions of a, an amorphous bulk N1,,P,, alloy’, b,vapour-deposited amorphous Co (ref. 2), c, a random close-packed 


assembly of hard spheres‘. g(r) 1s the probability of finding an atom at distancer from any atom. The pac 


g density of (c)—the ratio of total volume 


occupied to the total volume of spheres—is 0 6366 + 0 0004 (ref. 14). The relative positions (r,/r, andr,/r,) of the two components of the split-second 


on peak are indicated. 
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building an array of a large number of such simplified molecules, 
consistent with what we otherwise know of the real system. In the 
metallic case, we simplify our atoms initially to hard spheres, 
expecting the structure to be determined largely by the repulsive 
core of the real potential function, as 1s known to be the case in 
crystals and liquids!?33-35. However, when we try to put our 
idealised atoms together into a non-crystalline dense assembly, we 
run into difficulties which we must examine. 


Boundary problems p 


Consider for example a hypothetical bulk amorphous metal. Any 
model we build can represent no more than a small sample of the 
bulk material However, the model must be capable of extension 
indefinitely in three dimensions, without any significant change in 
structure. This gives rise to what might be called the ‘embedding 
problem’ (Fig 1). An adequate model must be consistent with its 
infinite extension, the*model boundary must therefore be con- 
sistent with the constraints that would be imposed by the presence 
of similar arrangements of molecules at that boundary. This 1s 
particularly relevant when we consider the variety ef methods used 
to prepare amorphous metallic assemblies. The growth process 
and the boundary conditions operative during the sequential 
deposition from the vapour ofa thin film of amorphous cobalt are 
very different from those relevant to the production of an 
amorphous alloy by rapid quenching of the liquid A priori there is 
no reason to assume identical structures will occur in these two 
extreme cases. A multiplicity of different amorphous structures 
may well exist, depending on the material and how it 1s prepared. 
Our modelling procedures should be capable of handling these 
possibilities 


Experimental comparisons 


A géneral problem of characterising the structures of non- 
crystalline materials concerns the relatively lew information 
content of the usual structural measurements. X-ray and neutron 
scattering from crystals can give a relatively vast amount of very 
specific spatial and dynamic irformation. In non-crystalline 
materials the spatial information obtainable 1s limited to a 
statistical average projection of the structure on to one dimension. 
By carefully Fourier transforming the coherent scattered radiation 
we can obtain a pair distribution function (PDF) (see Fig. 3). This 
tells us the probability of finding an atom at a distance r from any 
given atom. It is the crystallographer’s Patterson function pro- 
jected on to one dimension. This PDF 1s a relatively insensitive 
structural measure but because it is easily accessible from both real 
matenals and model coordinates, agreement of the model and 
experimental PDFs 1s an essential filter for postulated models. 
Agreement is a necessary, but far from sufficient condition which a 
successful model must fulfil. Because of the series termination 
problems inherent ın the Fourier transformation of the soattering 


function?®, it is often preferable to compare real scattering 
functions with those predicted by a given model, especially when 
considering refined models. However, the structural reasons for 
disagreements between model and experimental scattering func- 
tions are not @bvious in the scattering functions themselves. Thus, 
in what follows, we will use the PDF filter to examine postulated 
models and refinements, together with the densities of model and 
real material This somewhat old-fashioned property 1s often easily 
measured, and provides an additional powerful filter which leads 
to rejection of many postulated models The relatively high 
densities of amorphous metals and alloys are, in fact, not easily 
reproduced ın model structures, because of the imperfectly 
understood packing restrictions ın non-crystalline dense assem- 
bhes -° 


Early models 


The first model to be widely applied to amorphous metals and 
alloys was constructed in the laboratory by packing together as 
densely as possible a large number of equal steel spheres, taking 
precautions to prevent ordering effect at the boundaries'*. This 
work was initiated by Bernal in the late 1950s (refs 12, 13) to try to 
elucidate the geometrical nature of the,liquid state. Similar work 
was performed independently by Scott in Toronto!* Cohen and 
Turnbull suggested?” such models might be applicable to the then 
still hypothetical amorphous “metal. However, its first specific 
application was to electrodeposited Ni,,P,,, whose X-ray 
scattering could not be reconciled with any realistic model based 
upon microcrystalline units*. — i 

Fig 2 compares the PDFs of electrodeposited Ni, ,P,,,vapour- 
deposited amorphous Co (refs 2, 3), and the model dense hard- 
sphere packing out to two sphere diameters Qualitatively, the 
agreement of both real systems with the model is good The second 
peak is split ın all three cases; at the time the hard-sphere model 
alone was able to account for this peak splitting. Moreover, the 
densities of model and experiment are of the same order, although 
precise quantstative comparisons are difficult as there is a degree of 
freedom in scaling the model to the real assemblies 

However, the quantitative agreement 1s far from perfect. The 
relative intensities of the two components of thesplit-second peak 
are predicted the wrong way round, and their relative positions 
r,/1, and r,/r, (measured with respect to the position of the Ist 
peak r,) are slightly discrepant (Fig. 2). Moreover, how justified 
are we m applying such a simple single component model to both 
(1) a binary alloy stable in the bulk, and containing a slightly 
smaller atom of different chemical nature (the ‘glass former’ 
phosphorus), and (2) a thin film of material containing only one 
metallic component, and produced by sequential vapour de- 
position? We cannot really ignore the effect of a glass former, 
which may induce specific local structuring effects in bulk NiP case, 
even though the effect on the PDF may be small. Nor should we 
necessarily expect the film material, prepared by sequential 
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deposition from vapour, to have a structure similar to that of a 
“model prepared to simulate specifically a bulk system. 

_ Nevertheless, this agreement of PDF and density was suf- 
_ ficiently good to encourage proceeding on the postulate that the 


idealised hard sphere model incorporated the essential geometry of 


both types of system. We can now consider possible improvements 
to this idealised structure by examining the effects on it of, for 
example, different building methods, binary and more complex 


mixtures, different potential functions, and variations in boundary è 
conditions, We are thus able to relate the above idealised structure 
more closely to that of the real materials. Laborator y models 





N t iy! lel refinements and alternative structures 

Building and measuring large physical modelsin the laboratory isa 
paihstaking business, and involves several imperfectly- 
controllable variables. Transferring the model-building to a 
computer facilitates tighter Control of these variables, and enables 
structural variations to be investigated relatively rapidly. Ne- 
vertheless, there are severe restrictions on computer modelling. 
For example, it is very difficult to program those collective 
rearrangements of molecules that are necessary in order to 
reproduce the high densities obtained in laboratory modelsand the 
real materials, especially if large models are required. On the other 
hand, subtle structural effects of different potential functions can 
be readily examined, as can the effects of boundaries. Molecular 
dynamics simulations can generate structures @onsistent with 
external thermodynamic constraints in a way that both ‘static’ 
laboratory and computer building cannot hope to do. Even so, the 
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long relaxation times qf non-crystalline or ‘glassy. materials, > 
compared with the elementary molecular dynamics time step, 
presently limit full sim@lation calculations to quenching rates 
much higher than those achieved in thedaboratory; hence these — 
methods can produce little more than configurationally arrested 
liquids. However, taking together these three building meth: 
we can tackle effectively many of the interesting static and dyna 
problems of glasses and non-crystalline solids. 













Little further laboratory modelling of amorphous metals 
alloys has been reported. A recent study of 60:40 binary mix 
of hard spheres, size ratio 4:5, by Scott and Koniuk (persona 
communication) does show a reversal in the split-peak intensities, 
and also a reduction of the r,/r, ratio to 1.89, much closer to the. 
real Ni, P,, value. Ther,/r, ratio, however, remainsunchangedat 
about 1.73. , oo 


Computer algorithms 
Various procedures have been ased to build hard-sphere packings eo 
both in the bulk and as thin films. The most widely used is the- 
sequential building method of Bennett!5, where each sphere is 
added in turn to a previously-existing tetrahedral site. The choice 
of site can be varied. Bennett’ originally used both ‘global’, and 
‘local’ criteria. In the former scheme, a sphere is added at that site 
closest to the centre of the existing cluster, while the ‘local’ criterion 
chooses that tetrahedral site nearest to the plane of the three 
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Fig. 3 Pair distribution functions of various models. a, Bennett 
(global criterion)’ $; b, Bennett (local criterion) 7; c, Sadoe er al. 
polytetrahedral (without Gaussian broadening)’; d, very dense hard- 
I sphere cluster, 500 spheres, density 0.665 (ref. 22), e, relaxation of 
central 999 centres of Fig. 2(c), under a Lennard- Jones 6: F2 potential, — 
free boundary**; f. central 888 centres of a Bennett packing relaxed 
under a Morse potential*®. g, Molecular dynamics relaxation of the 
central 500 centres of Fig. Uc) under a Lennard-Jones :12 potential, 
6 confined boundary. (a)-(d) are hard-sphere aggregates. The relative 
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spheres defining it. Clusters of up to 4,Q00 spheres were built, and 
densities, extrapolated to infinite volume to eliminate size and 
boundary effects, were significantly ‘lower (about 4%) than 
achieved in the laboratory pacRings. Sample PDFs are shown in 
Fig. 3(a and b). In both cases, the peak splitting is incomplete, 
reflecting the lower model densities. The peak positions of the, 
‘global’ model remain as in the laboratory packing, while for the 
‘local’ model, r,/r, alone is at 1.67 in better experimental 
agreement. ° 

The Bennett procedure is very simple and fast, and has been used 
extensively with different boundary constraints, and with varying 
criteria for sphere additions'*?!':**. Several of these models 
reproduce r,/r, relatively well, but fail to bring r,/r,, closer to 
experimental values. Moreover, and more seriously, the densities 
of such models are low. It seems that for hard spheres at least, 
reproducing the positions and relative intensities of the experimen- 
tal split second peak components requires a model whose density is 
too low. The packing constraints ina sufficiently dense model seem 
to be inconsistent with the adequate presence of those local 
geometrical structures which are consistent with the experimental 
split-peak component intensities and positions, This density local 
structure problem is illustrated "further by the polytetrahedral 
model of Sadoc et a/.**. The algorithm used tries to reproduce the 
structural effects of the glass-former phosphorus in an amorphous 
Co-P alloy. Incrystalline Co, Peach phosphorus is surrounded by 
9 cobalt atoms in an incomplete icosahedral organisation. Sadoc’s 
algorithm attempts to reproduce this icos@hedral organisation, 
albeit slightly distorted from ideality. In Sadoc’s resulting *polytet- 
rahedral’ model, the relative peak heights are reversed, and the 
r,/r, ratio is brought down to 1.65; r,/r, remains at 2.00 (Fig. 3c). 

However, this model also is not densely packed, having an 
average density 18% lower than random close packing**. It can be 
considered as an aggregate of dense, distorted icosahedral units, 
with considerable void space between them**. Thus, although the 
PDF of this inhomogeneous. clustered polytetrahedral model is 
qualitatively better than the homogeneous hard-sphere model, a 
consequence of forcing this clustering is. through the packing 
constraints, to prevent the achievement of a sufficiently dense 
assembly. j e 

As long as we use hard spheres, the local structure which can 
explain the split second peak seems inconsistent with the high 
densities obtained in real materials. This is furthes underlined by 
an entirely different construction algorithm which simulates the 
compression of a hard sphere gas*?-**. Here, collective rearrange- 


Fig. 4 Icosahedral arrangement of 13 spheres. related directly to 


the local geometry in ‘spherically-polytetrahedral’ models, This 
arrangement is that of mingmum potential energy for soft spheres 
with a free boundary, 
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ments can be (rather laboriously) programmed, and very high 
densities achieved provided a free boundary is maintained. Figure 
3(d) shows the PDF of such a 500-sphere cluster of packing density 
0.664 (ref. 22). This is 4.2%, higher than the 0.637 maximum 
obtained in the laboratory, a density which ts thought to be the 
upper limit for a bulk random packing'**° +1, Here again, 
although we can reverse the split-peak intensities, we cannot budge 
their Position’. From an examination of the nature of local 
clusterings, an interesting result arises. As density increases, the 
proportion of distorted icosahedral clusters Sadoc’s polytetrah- 
edralclusters—increases slowly, although constituting barely afew 
percent of the volume of thearray?*. Abovea density ofabout 0.63, 
however, these “spherically-polytetrahedral’ units are forced out, 
demonstrating further that such locally dense clusters are indeed 
inconsistent with an overall high density. 

This result is not surprising for hard spheres. The geometfy of 
the icosahedron is such that the | 2 susrounding spheres have some 
freedom of movement on the surface of the central one (Fig. 4). For 
soft spheres—more like the real molecules—the “squashiness’ of 
the atoms would be expected to stabiltse considerably such local 
units (Ho&re and MclInness, personal communication). The 
question thus arises as to the interplay of increased icosahedral 
stability at the local level and the overall packing constraints in a 
real dense structure. Are the two tendencies more mutually 
compatible when the artificial infinitely-hard repulsive core is 
softened? 


Computer refinements and molecular dynamics 
The effects of softer potentials have been examined by (1) relaxing 
laboratory or computer-built hard-sphere models under various 
soft potentials** +6, and (2) very rapidly quenching liquid con- 
figurations by molecular dynamics*!+7 59, The results from both 
approaches are in excellent agreement, and give good second- 
order models directly related to the first-order idealised hard- 
sphere model. However, various questions about local geometry, 
and thgir*relevance to the glass transition in metallic systems, re- 
main tobe answered fully***!. In one such relaxation calcula- 
tion. the central 1,000 sphere coordinates in the laboratory-built 
hard-sphere model (Fig. 2c) were scaled to a Lennard Jones 
6:12 potential and allowed to relax towards a potential energy 
minimum. in free boundary conditions**. Movements wêre gen- 
erally small, being limited by the high density of the starting 
configuration. Fig. 3e shows the relaxed PDF. the split-peak 
intensities again reversed, and only a spall inward movement of 
r,/r, was observed. r,/r, was unchanged, and it was suggested 
from geometrical arguments that this peak position should be 
sensitive to the softness of the tepulsive potential. The degree of 
local distorted icosahedral clustering increased, but only slightly. 
These results are in close agreement with recent simulated 
Lennard-Jones glasses produced by almost instantaneous liquid 
quenching*!**-4", 

Slightly different results were obtained in a series of molecular 
dynamics calculations with confined irregular boundaries using 
the same potential and starting configuration*®. Again an intensity 
reversal in the PDF was observed (Fig. 3g). and the inward 
movement of r,/r, under the much higher pressure was significant. 
However. the degree of local ‘spherical polytetrahedrality’ was 
very low, such clusters having been presumably squeezed out 
under the very high pressure. Similar PDFs were obtained using a 
simulated harmonic potential**; the local geometry was not 
examined. 

The Lennard—Jones 6:12 potential is thought to have too hard a 
repulsive core for realistic metallic atoms. Hence a relaxation of a 
hard-sphere packing under a soft Morse potential (unfortunately 
again in free boundary conditions) is of particular interest*®. 
The PDF peak intensities reverse, and both r,/r,,and r, r, fall to 
values closer to the experimental (Fig. 3/). Thus. the position of the 
first component of the split peak does indeed seem sensitive to the 
softness of the potential. Such a relaxed model gives relatively 
good PDF and density agreement for amorphous metallic films. 
The agreement with the binary metal-metualloid alloys is less good. 
The relation of the r,/r, shift to the local cluster arrangement is as 
yet uninvestigated in such very soft sphere assemblies. 
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Conclusions 

The work discussed above is, because of the widely varying 
conditions, and assumptions made, difficult to assemble into a 
coherent and water-tight picture??-5°. We can, however. make 
several generalisations about random packing, its application to 
real non-crystalline metallic alloys, and the problems and future 
prospects for modelling amorphous solids in general. We gan also 
speculate a little about structural aspects of the glass transition and 
crystal nucleation. 

We now have a much better idea of the nature of random 
packing. For hard’ spheres, a maximum packing density of about 
0.637, is now well establfshed for both modelling'+°° and 
molecular dynamics extrapolations??+!, This maximum density 
can be achieved only by a relatively homogeneous assembly, with 
very little clustering into local icosahedral structures, Such 
clustering is prevented by the overall packing constraints. The 
homogeneous models, however, polytetrahedralinthat 70°, ofthe 
assembly consists of relatively perfect tetrahedra! +—~naturally the 
densest local arrangement possible for four spheres. These tetra- 
hedra are organised, however, not inthe spherical clusters related to 
the stable icosahedral arrangements (Fig. 4) found in isolated 
atomic clusters?*4-"'?4, but in the twisted spirals of Bernal’s 
‘pseudonucler (Fig. 5)!°. 

In adequately dense packings of slightly soft spheres. the 
tendency towards local spherically polytetrahedral’ clusters (Fig. 
4) increases, but only slightly**. This increase ig certainly very 
much less than that suggested in the much less dense specifically 
polytetrahedral models. ‘Spiral-polytetrahedrality’ (Fig. 5) is 
more stable under the local packing constraints found in dense 
assemblies. As long as the overall density remains high, there is 
insufficient volume available to allow the formation of many 
disorted icosahedra and their associated inter-cluster voids. It 
would seem that for molecules such as the rare gases where a 
Lennard-Jones 6:12 potential may be reasonable, the glass 
transition might more realistically be associated with the for- 
mation of relatively stable “spirally polytetrahedral’ cltisters!2 
than the ‘spherically polytetrahedral’ ones stable" in isdi- 
apon taer 

For even softer potentials, the situation may be different. The 
extra freedom conferred by the softness of the potential may 
change the relative stability within a dense packing of spherical 
against spiral tetrahedral assemblies. A detailed geometrical 
analysis of such a relaxed assembly would help clarify this point. 

The hard sphere packing provides an idealised model of the 
structure of several amorphous metal films and metal-metalloid 
alloys. All modifications made te achieve a better model result in 
improved intensities of the split second peak of the PDF (Fig. 
3)22-43-43°45 Only very soft potentials improve the position of the 
first component of the split peak (Fig. 3g)*°. The relaxed hard- 
sphere model is indistinguishable from a Lennard-Jones glass**, 
while the hard-sphere model itselfis indistinguishable from a hard- 
sphere glass as produced by molecular dynamics*!. 

The structural effects of boundary conditions can be signi- 
ficant**-444°, Thus we should not necessarily expect vapour- 
deposited materials to have the same structure as those produced 
by liquid quenching. Moreover, a splat-quenched structure and 
vapour-deposited structure may well not be mutually accessible 
directly. This underlines the possibility of ‘amorphous poly- 
morphs’ of the same substance, and the possibility of different 
amorphous structure for different substances?*. Thus it would be 
interesting if amorphous phases of the same material could be 
produced by different routes. and their structural differences 
examined in detail, together with the possible routes for trans- 
formation between them‘!**. The clustering effects of glass- 
formers are likely to be significant though they are not well worked 
out. i 

Future modelling work on amorphous assemblies of spherical 
atoms must take adequate account of both the local effects of the 
potential functions and the overall packing constraints as reflected 
in the density and the boundary conditions. Structure can be very 
sensitive to both these factors. As a filter of possible model 
structures, agreement with the PDF is a necessary though far from 
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Fig. § A‘sptrally-polytetrahedral arrangement of 13 spheres, the 
so-called Boerdiyk spiral of face-sharing tetrahedra. Such arrange- 
ments occur frequently in random packings of hard spheres. 


sufficient condition. More attention should be paid to the old- 
fashioned property of density-~qualitative agreement with PDF is 
hardly convincing 1f the density is unrealistically low. ® 

The necessity to achieve high density models-—-and structural 
consistency with a bulk structure--raises severe difficulties for 
sequential building methods. These are basically unable to account 
fom the high densities of real amorphous metals and alloys. Full 
molecular dynamics calculations can help overcome this, although 
the method is restricted severely by real time limitations. Although 
itis relatively straightforward to simulate a very rapidly-quenched 
hquid, the computer time required to simulate a quench on a 
realistic laboratory time scale, or a vapour deposition, is presently 
prohibitive. Thus, the detailed structural nature of the glass 
transition is not directly accessible thereby. Progress might be 
made by combining molecujar dynamics with energy minimis- 
ation techniques**, as has been done for the much more difficult 
but related protein folding problem** °°. These comments apply in 
general to the modelling of other glassy systems. Modelling is, 
however, still an inadequate substitute for more analytical ap- 
proaches to the problems of local correlations in very dense, 
disordered systems. Although the last fifteen years of modelling a 
variety of amorphoussolids, from the metallic systems considered 
hereto oxideand chalcogenide glasses, has drastically increased our 
understanding of various non-crystalline systems, the methods 
become rathes cumbersome when looking at refinements of first- 
order models. Moreover, especially in chalcogenide and more 
complex metallic alloy systems, the constraints that should be 
applied to the model-building may be insufficiently well formulated 
for the resulting models to be realistic. The interplay between the 
predicted properties of a postulated model, comparison with the 
real material, and feed-back to improve the model can be 
exceedingly time-consuming, and perhaps inconclusive once the 
basic idealised structure has been established. As the real amor- 
phous systems we are interested in become more complex, the more 
difficult it becomes to handle, by simple modelling, the possible 
variables and possible heterogeneity of the structure. In some ways 
itistooeasy to build models. Todoit realistically, to representa bulk 
system with adequate density, PDF, and density fluctuations 1 inill- 
defined or complex mixed systems is very difficult. And rather than 
turning a handle ad infinitum to improve marginally our models of 
simple systems whose basic structure we understand, we should pay 
more attention to the absence of an underlying theoretical 
framework, an absence which*made modelling necessary in the first 
place. Only when such an adequate analytical approach to very 
dense, non-crystalline systems has been established— without the 
problems attached to integral equation approaches to the liquid 
state—-will a full understanding of the complexities of these 
amorphous structures, their dynamics, their glass transitions and 
nucleation process, be realised, Data from models will havea rolein 
the development of such techniques*’. 


* 
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New palaeomagnetic evidence fails to support 
rotation of western Newfoundland 
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Palaeomagnetic results from Ordovician to late Pre- 
cambrian rocks in western Newfoundland, are incon- 
sistent with Wegeners hypothesis that the island has 
rotated 30° anticlockwise. Previous evidence apparently 
supporting this hypothesis is shown to be inconclusive., 
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WEGENER? proposed that Newfoundland has rotated 30° 
anticlockwise away frof Labrador, implying a nearby 
pivot. A palaeomagnetic test of this motion is, in principle, 
straightforward, provided that test sites are carefully chosen 
(Fig. 1). Even so, the resolution obtainable may be small 
or zero, being a function of both the rotation angle R and 
the angular distance @ between pivot and ancient pole. 
Figurg 2 illustrates this for Newfoundland (R=30°), where 
values of P (resolution’) approaching 30° are obtainable at 
Lower Palaeozoic sites suitable for testing possible Devonian 
or later rotations. Hence a near-optimum test is feasible 
because of the low latitude of ancient Newfoundland. 
After an inconclusive application of this test’, Black‘ 
compared Palaeozoic rocks of matching age in western New- 
foundland and mainland eastern Canada, concluding that 
his data uphold a 30° anticlockwise rotation of at least 
western Newfoundland during the middle to late Devonian. 
Black argued that this would explain observed regional 
Structures in the north-eastern Appalachians. Except for 
differences in latitude, his widely quoted Cambrian and 
Devonian comparisons conform strikingly to the positive 
test in Fig. 1. Regional and focal tectonics’® and seismic 
results from the Gulf of St Lawrence’ have been cited as 
evidence against this rotation. Further, Black’s data were 
found inconclusive*®, because (1) the Cambrian remanence 
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directions inferred in Newfoundland and New Bruñswick 
(Fig. 3, S, R) are not significantly different; (2) the respec- 
tive “Devonian” directions may not be contemporaneous; 
(3) by demagnetising only in alternafing fields (AF) to 300 
Oe, he was unlikely to have distinguished different high- 
stability components. Also’, since the mainland sites (Fig. 
3, R) form part’ of the Avalon tectono-stratigraphic zone, 
rocks on opposite sides of the Central Mobile Belt were 
being compared (R, S). Therefore data in Fig. 1 could 
equally be taken to support either a rotation of Newfound- 
land or a proto-Atlantic model", 


New magnetic data 


To meet these objections we undertook new magnetic 
studies of mid-Ordovician to latest Precambrian rocks in 
Newfoundland (Fig. 3, NI-N3, NS5-N7), using standard 
equipment. The results, summarised below and in Table 1, 
will be reported in greater detail elsewhere. Comparisons 
are with published data from tectonically stable mainland 
regions (Table 2), 

Useful palaeomagnetic results have been obtained from 
carbonate rocks. We collected limestone of the Lower 
Ordovician St George Formation at 10 sites (62 samples) 
in the Port-au-Port area (N1). The natural remanence 
(NRM), carried in different samples by magnetite, haematite 
or both (compare ref, 14), was weak and fewer than half 
of the samples could be demagnetised. Haematite samples 
were unaffected by AF treatment (800 Oc) while thermal 
treatment was inconclusive, but in the magnetite samples 
both methods produced comparable, better-grouped new 
remanence directions (Table 1). St George limestone from 
Cape Norman (N2) gave similar results. This magnetic 
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Fig. 1 Palacomagnetic test of ro- 
tation (schematic). Declinations of 
hypothetical ‘observed’ remanence 
vectors (solid arrows) and corres- 
ponding pole positions are shown 
for Newfoundland (N) and the 
adjacent mainland (M). Hollow 
arrows depict the restored vectors 
when either Newfoundland is ro- 
tated back! or the mainland site is 
rotated to a presumed location 
before the closing of a proto- 
Atlantic ocean". The pivots are at 
site N and 90°N, réspectively. For 
convenience, poles have been*loca- 
ted at the present equator. The two 
rotations here are indistinguish- POLES 
able’: an unambiguous test of the | 
Newfoundland rotation requires 70°w 


AS OBSERVED (NO DRIFT) 


comparison with a mainland site a ti 


known not to have rotated. 
Stippled portions (right) correspond 
to the Atlantic faunal realm™. 
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behaviour in Newfoundland limestones parallels that found 
earlier in the mid-Ordovician Trenton limestone’ (M1), 
where it was shown that the stable component originated 
before the completion of diagenesis. This suggests a similar 
origin in the Port-au-Port limestone, but proof is difficult 
and it is uncertain whether one should correct for the gentle 
(12~15°) tilt which is associated’ with the Taconic (pre- 
mid-Ordovician) or Acadian (Devonian) orogeny or both. 
The (uncorrected) mean directions for areas NI and N2 
after AF or thermal treatment are all similar (Table 1). 
Pole NI (Table 2) 1s based on sample rather than site 
statistics, since too few samples per site remained measur- 
able after AF treatment. The tilt-corrected poleeis 22°N, 
120°E. Pole N1 is not significantly different from Pole N4 
(ref. 13) for the St George Formation, where no tilt correé- 
tion was reported. 

A result’ from pillow basalt and sheeted dikes of the 
Morefon’s Harbour Group (N3) is useful for comparison 
with the St George Formation, since different rock types 
of similar ages are being compared. Most or all of the 8-km 
thick Moreton’s Harbour sequence has been attributed’*:” 
to island arc volcanism in the Lower to Middle" Ordo- 
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PROTO-ATLANTIC 


ROTATED BACK (MAINLAND ROTATED BACK) 


POLES 





vician. Although these rocks lie in the Central Mobile Belt 
(F. 3), it seemed reasonable to include them in a test 
based on western. Newfoundland, since they probably 
originated as part of the North American margin (D. F. 
Strong, personal tommunication). A stable remanence in 
magnetite, isolated by AF demagnetisation, presumably was 
acquired not later than «the generally low-grade greenschist 
metamorphism of these rocks. The tilt-corrected pole (Table 
2) is not significantly different from poles Ni and N4 
(Fig. 4). ° 

Lower Cambrian Bradore sandstones sampled by Black‘ 
at St John Bay (Fig. 3, S) were re-sampled more 
extensively” at Canada Bay (N5). The NRM, carried by 
haematite, had a mean direction as in Black’s AF-treated 
samples (Table 1), but by thermal demagnetisation a stable 
component misaligned with both the NRM and Black’s 
direction was isolatéd at 665 °C: this shows that the objec- 
tion’ to exclusive low-AF treatment is well-founded. This 
component probably pre-dates the gentle (15~-25°) Taconic 
and/or Acadian tilt of the sediments, though a post-tilting 
origin of the entire NRM is not impossible**. The stable 
direction corresponds to a reverse pole at 23°N, 160°E 
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Area Geological 
no. Rock unit/area age N (1)* (°) 
NI St George limestone, Early S5S§ (14s) 179.5 
Port-au-Port area Ordovician’? 
ISs§  — 179.5 
6s — 159 
N2 St George limestone, Early 5s — 164.5 
Cape Norman area Ordovician’* 18 
N3  Moreton’s Harbour Early to mid- 11S (56s)€ 114 
basalt Ordovician? 
NS  Bradore sandstone, = Early 9S, (54s) 153.5 
Canada Bay Cambrian*® 
N6 Bradore sandstone, Early 28S (13s) 198 
St John Bay Cambrian” 
S Bradore sandstone, Early 10s — ? 
(Black’s result)’ Cambrian’? 
N7 Cloud Mountain Latest 3F (10S) 159.5 
basalt Precambrian** 


f Table 1 New palacomagnetic results from Newfoundland 


Mean NRM directiont 
Declination Inclination 


Mean direction after treatmentt 
Declinatjon Inclination 


(°) k Treatmentt (°) (°) k üa) 
+62 63 300 Oe 181.5 +25 910 2,5 
+57.5 13 3000e 182 -+23 90 4 
+61.5 49 500°C | 183 + 18.5 200 5 
-+73 70 400°C, | 177 -+22.5 120 7 

300 Oe i 
+ 66 8 150 Oe (116.5 -+57 9 16.5) 
® 176 +16 9 16 

+52 13 665 °C 146.5 +18 110 5 
+ 66 ~~ 665 °C 132.5 + 25.5 ee _ 

? ? 300 Oe 151 +44.5 27 95 
+733 14 100e (142 +50 8404.5) 

127 -+36.5 1250 3.5° 


*N, number of flows (F), sites (S) or samples (s) used in averaging; (1) number of sites or samples studied. 


+Angles rounded to 0.5° 


obtained before correction for geological tilt and those without brackets are tilt-corrected and were used in Table 2 


correction was made. 


; A values greater than 100 are rounded to nearest 10; where two sets of data are given, those in brackets were 


2. In all other cases, no tilt 


{Stepwise thermal or AF demagnetisation, with fields quoted in peak oersteds. 
§Site and sample statistics for the same samples are shown for comparison; samples (second row) are used in Table 2. 


Three samples were treated to 4Q0 “C, two samples to 300 Oe. 
"Reduced to 46 samples (11 sites) after treatment. 


$ 


**4 Ar/Ar date of 6054-10 Myr cited for Long Range dikes (ref. 25), which are considered (refs 24, 25) to be contemporaneous with Cloud 


Mountain basalts. 
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Table 2 Palaeomagnetic poles for Newfoundland and mainland North America 


& 


Pole position Mean rotated polet 


Area Š » Geological Latitude Longitude dp,dm Latitude Longitude 
no. Rock unit/area age* Nt  Treatmentt ©) C€) ©) Polarityt (°) (°) 
Ni St George limestone, Early 15s a. 30 N LIQE 2,3 R 26 N 86 E 

Port-au-Port area Ordovician 
N3  Moreton’s Harbour Early to mid- 11S a 32 N 130 E 9,17 R 27N 96 E 
basalt Ordovician 
N4 St George dolostone, Early 8S a 29 N 125 E 3,78 N 25 N QE 
Daniel’s Harbour Ordovician! t? 
Mi Trenton, limestone, Mid- 29s a 36 N 114E 3,5 R » 
“New York Ordovician’? ‘ 
M2 Front Range intrusives, ‘Cambro- 18s a 37 N 122 E 6,12 R 
Colorado Ordovician’** 14s t 44N 100 E 5,11 R 
— a+ 40 N IIE oe R 
N5  Bradore sandstone, Early 95 t 23N 160 E 3,5 R 30 N 128 E 
Canada Bay Cambrian? : 
N7 Cloud Mountain basalt Latest 3F a SN 172 E 2,4 R 17 N 146 E 
Precambrian . 
M3 Franklin intrusives, Latest 465 a 6 N 166 E 44 | M 
Northwest Territories Precambrian**:*? 
-N8  I#dian Head anorthosite ‘Grenville’?* 5S a 85 I58 E 15,20 Ne IN 136 E 
M4 Morin anorthosite, ‘Grenville’? 13S a O « I64E 9,12 R 
Quebec P @ 
M5 Northern Grenville ‘Grenville’** 4S a 8 N 161 E 6,6 || R 
anorthosite, Ontario 
M6 Whitestone anorthosite, ‘Grenville’? 8S e a 58 168 E 6,10 R 
Ontario 
M7 Charlevoix anorthosite, ‘Grenville’*® 58 a 78 148 E 12,16 R 
Quebec m 
& 


aeaaaee 


* 


* Ages are discussed in the references (ee also Table 1). Ref. 26: Radiometric ages in the range 601-427 Myr are cited. Ref. 29: The authors 
cite numerous K/Ar ages with ‘best mean age’ 650 Myr, but they adopt 675 Myr, to allow for argon loss. Ref. 31: Other Franklin igneous sites 
have K/Ar ages matching an isochron of 625 Myr. Refs 32-36: ‘Grenville’ ages in the range 0.9-1.0 x 10° yr are cited, based on radiometric 


data or on inferred time of magnetisątion. 


+N, see footnote to Table |; Treatment: a, alternating-field; t, thermal: a-j-t, mean of poles based on a and t treatment; Polarity: N, normal, 


R, reverse; M, mixed. 


tAverage values are quoted for 30° clockwise rotations about pivots A (51.5°N, 56.5°W) and B (48°N, 59.5°W) (Fig. 3). 


§Recalculated from original data. 
Error circles (ys) instead of ovals are cited by authors. 


(Table 2), or 29°N, 167°E after tilt correction. Bradore 
standstones from St John Bay (N6) gave comparable 
(virtual) poles. è 

The gently dipping Cloud Mountain plateau basalts (N7) 
were sampled at 10 sites. They have been correlated strati- 
graphically?’ and through magnetic similarities" with 
plateau basalts in south-east Labrador of presumed late 
Precambrian to early Cambrian age”. Strong and Williams” 
consider the Cloud Mountain basalts to be co-magmatic with 
and contemporaneous with the chemically similar Long 
Rang dikes, which have a “’Ar/*Ar dating of 605+ 10 Myr 
(ref. 25). Only three separate flows could be identified. AF 
- treatment isolated a stable component carried by magnetite, 
© resulting in greatly improved within- and between-flow 


= vector groupings. Its mean direction after tilt correction 


corresponds to the pole shown in Table 2. We note that 
a residual secular variation component may be present in 
these few flows. ° 


Rotation test 
There is no unique pivot for the postulated rotation of 
western Newfoundland. Black* relocated his Newfoundland 
palaeomagnetic poles by rotating the island 30° clockwise 
separately about two extreme pivots A and B (Fig. 3) using 
the mean restored pole position to compare with poles on 
the mainland. A similar procedure is followed here (Table 
2). The uncertainty in pole positions due to averaging about 
the two pivots is” <1°. 

Out of the three identical Ordowician Newfoundland 
poles, N1 and N3 are in turn identical with, and pole N4 is 
close to, the Trenton limestone pole? (M1). Here ‘identical’ 


& 


# 
& 


Ps kd 


is defined non-rigorously by an overlap of the 95% con- 
fidence ovals (Fig. 4). Pole M2 from the Front Range 
Intrusives?®? of uncertain Cambrian to Ordovician age is 
shown without oval, being the average of two poles equally 
weighted in ref. 26, based on AF and thermal treatment, 
respectively; the former but not the latter pole is identical 
to poles N1, N3, N4 and MI. With Newfoundland rotated 
back, the ‘N’ and ‘M’ poles become discordant, except pole 
N3 for which the test is inconclusive. These results are 
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0 
Palaeo-colatitude of pivot, 0 


Fig. 2 Resolution (P) obtainable by palacomagnetism for testing 
rotation (R) of a land mass, as a function of the angular distance 
(0) between pivot and ancient pole, where*: 1—cosP = sin*@ 
(1—cosR). P is the angular shift of the ancient pole on 
restoring the land mass to its pre-drift position. P cannot exceed 
R. Illustrated for the Newfoundland hypothesis (R = 30°) using 
actual results (Table 2). Note that, with minor error in 0, site 
locations N1-N8 may be substituted for the average pivot 
locations A and B (Fig. 3). 
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Fig. 3 Palaeomagnetic sites for 
testing rotation of Newfoundland 
(Tables 1, 2). R, Ratcliffe Brook, : 
New Brunswick « (Lower Cam- | bS 


brian)’; M1-M7, other majnland 
sites. $, St John Bayi; W, 
Wabana*?; NI-N7, other New- 


foundland sites. A, B, alternative 
pivots’ (Table 2). 


incompatible with the proposed rotation, at least since mid- 
Ordovician time. A provisional Upper Ordovician pole (R. 
Van der Voo, personal communication) at 29°N, 118°E 
from thermally cleaned red sandstones of the Juniata 
Formation, Pennsylvania, is not significantly different from 
poles NI (30°N, 119°E) N3, N4 and Mi. This agreement 
may be due to insignificance of mid- to late-Ordovician 
polar motion relative to eastern North America, in which 
case the Juniata result is additional evidence against rota- 
tion of western Newfoundland. 

Comparisons of the Bradore data” (N5) with those from 
Cambrian mainland localities that avoid the protoeAtlantic 
ambiguity are difficult, since the few reliable mainland poles 
(see ref. 27) have been cited as Upper rather than Lower 
Cambrian in age; also they are widely dispersed, suggesting 
rapid’ polar displacement. Hence a rotation test using the 
Bradore result seems premature. A Lower to Middle Cam- 
brian pole at 13°N, 157°E for eastern Quebec was recently 
reported”, however. Its fair agreement with the Bradore 
pole (23°N, 160°E) is destroyed when Newfoundland is 
rotated back. This may be taken as evidence against the 
proposed rotation. 

On the mainland the youngest suitable Precambrian rocks 
are the Franklin intrusives’’””’. Of numerous K-Ar datings, 
675 Myr is the adopted age” cited for pole M3 (Table 2). 
but other Franklin diabases and lavas” give a pole close to 


Fig. 4 Negative results of the 
rotation test for three age levels. 
Pole positions with 95 °%% confidence 
ovals (Table 2) for the mainland 
(M) (shaded ovals), and New- 
foundland (N) as observed (solid 
ovals) and after rotation (dotted 
ovals, site numbers followed by ‘r’). 
W, Wabana (Fig. 3 and text)", 
Magnetic north or south poles are 
plotted to correspond to presumed 
north rotation poles. 
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M3 and are dated 625 Myr, compared with the 605- Myr 
age inferred for Cloud Mountain (N7). Figure 4 shows 
agreement between poles N7 and M3, but they strikingly 
diverge when Newfoundland is rotated back. Pending better 
knowledge of the Newfoundland-mainland age difference 
and of the time span averaged in the Cloud Mountain lavas, 
this result again is inconsistent with the gotation hypothesis. 

The minimum radiometric age of 890-900 Myr of the 
Indian Head anorthosites” (N8) suggests that they may be 
contemporaneous with mainland rock formations dated at 
the time of the Grenville orogeny (1.0 10° yr). Pole N8 
was compared with only mainland poles dated 0.9-1.0x 10° 
yr, based on anorthosite (M4~M7)**"**, to make it more 
probable that a syn¢hronous Grenville event is being tested. 
Once again an initial agreement between ‘N’ and ‘M’ poles is 
lessened when Newfoundland is rotated back (Fig. 4). Un- 
rotated, the oval of pole N8 overlaps all mainland ovals, 
whereas after rotation it misses two of these (M5, M6). The 
large size of oval N8, however, makes this test only 
marginally significant. 


Significance of the test 


Newfoundland data from the Ordovician, latest Pre- 
cambrian, more marginally the Grenville and perhaps also 
the Cambrian, when compared with the mainland results, 
provide evidence against Wegener’s' hypothesis. At the 
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same time we ‘have verified that Black’s‘ Cambrian results 
used by him in support of that hypothesis are inconclusive. 
Generally better data were available to us than to the 
earlier workers?’ in, terms of statistics, magnetic control 
and comparative dating. Limitations are, however—({1) some 
large confidence ovals; (2) different populations (samples, 
sites, flows) being compared; (3) the small number of usable’ 
limestone samples (15) and of Cloud Mountain flows (three); 
(4) uncertainty regarding tilt corrections; (5) possible 
—anachronisms between poles of any given age; and (6) the 
absence of a reliably Lower Cambrian mainland result to 
compare with pole N5. 

Partly because of these limitations, we could not employ 
rigorous statistics. For example, an F test applied to negative 
evidence on rotation would ideally show, in each case with 
high probability, that the mainland and unrotated New- 
foundland poles for a certain age are identical and that they 
become distinct when Newfoundland is rotated back. Com- 
paring actual data, such as Ordovician poles N1, N4, M1, 
the latter condition is certainly met, but the former condi- 
tion is only moderately probable. The difficulty is predictable 
from Fig. 4 and recurs in an # test of the Grefiville poles. 
This restricts us to the use of confidence ovals for assessing 
significance, š 

We conclude that the evidence is inconsistent with 
western Newfoundland having rotated by 30° since the late 
Precambrian, and is consistent with the absence of any 
rotation, although a rotation by 5°—-10° since the Ordovician 
is possible. To determine whether such lesser rotation 
actually took place calls for more refined palaeomagnetic 
data from Newfoundland and North America. 

Finally, a Lower Ordovician pole from Wabana, eastern 
Newfoundland” (W, Figs 3, 4) is seen to be far displaced 
from poles NI and N4 of similar age in western Newfound- 
land. This is compatible with the hypothesis’? of a Lower 
Palaeozoic proto-Atlantic Ocean of undetermined width, in 
which the two portions of Newfoundland occupied opposite 
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coasts. Poles W, Ni and N4 may be made to coincide by 
rotating Wabana towards Europe about some pivot in the 
central Atlantic. 
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A major rifting episode is now occurring in north Ice- 
land. This started on 20 g December 1975, with a 
basaltic eruption, an exceptionally intense earthquake 
swarm and movement on an 80-km segment of the 
plate boundary. Inflation and deflation of the Krafla 
caldera indicate upwelling of magma and injection into 
the rift zone. Historical records show that similar 
episodic rifting occurs in this region every 100-150 yr. 





Tue plate boundary betweere the American and European 

plates runs through Iceland as a zope of active volcanism, 

seismicity and graben structures. The two plates are drift- 

ing away from the boundary at a velocity of about 1 cm 
& 


4 


yr! (ref. 1)» but the mechanism of this drifting process at 
the boundary itself has not been clearly observed until 
now. A spectacular rifting episode started in northern 
Iceland on 20 December 1975, and is still not completed in 
December 1976. Intense earthquakes, widespread ground 
deformation and magmatism are affecting an 80-km long 
segment of the plate boundary. We describe here the geo- 
logical setting of these events, the main observations to 
date and an attempted interpretation. ‘ 

In north Iceland the Neovolcanic Zone has a north- 
south direction. Towards the south it connects with the 
Eastern Volcanic Zone of south Iceland, but towards the 
north it is offset to the ewest by about 100 km, by the 
Tjörnes Fracture Zone, to join the Kolbeinsey Ridge (Fig. 
1). The structure of the Neovolcanic Zone in north Iceland 
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is dominated by large swarms of faults and fissures, most 
of which pass through different central volcanoes where 
volcanic fissure eruptions, silicic rocks and high-tempera- 
ture geothermal fields are concentrated’. Two central 
volcanoes in this region, Krafla and Askja, have developed 
calderas, The fault and fissure swarms are arranged en 
echelon subparallel to the north-south direction of the 
main zone. The northernmost parts of these fissure swarms 
are intersected in the area of Axafjérdur by the Tjörnes 
Fracture Zone, which has an east-west direction. 

The Tjörnes Fracture Zone is a zone of high seismic 
activity and large earthqyakes, most of which seem to be 
associated with right-lateral strike-slip on WNW striking 
faults, one of which, the Húsavík fault, has been identified 
on land, and another, the Grímsey fault, inferred from 
earthquake location and a fault plane solution. These faults 
fun parallel to each other and are about 40 km apart. The 
Tjörnes Fracture Zone Cannot therefore be viewed as a 
simple transform fault’*. The present events have been 
confined to the Krafla caldera, the associated fault swarm 
to the north and a segment of the Grímsey fault (Fig. ‘1). 

Similar tectonic sequences have occurred before in the 
Neovolcanic Zone: the last eruption associated with major 
tectonic movements occurred in 1874-1875 in the Askja 
caldera and the fault swarm to the north. In 1724-1729 an 
eruption took place in the Krafla caldera and ground 
fissures moved in the associated fault swarm.” 

Attempts made since 1938 to measure ground deforma- 
tion in this part of the volcanic zone, by measurement of 
horizontal movement have so far yielded ambiguous re- 
sults“, Measurements of vertical movements here since 
1966 have shown subsidence of about 10mm yr (ref. 7). 
Preliminary measurements show that horizontal and ver- 
tical ground movement during the present event is at 
least 2 m. 

A geothermal power station (60 MW) is now urtdey con- 
struction inside the Krafla caldera, a diatomite.factory 
is located on the fault swarm to the south near Námafjall, 
and a small village is situated at Reykjahlid (Fig. 2). A 
more intensive effort has therefore been made to investigate 
thoroughly all aspects of the present tectonic events. 


Geology of the Krafla—Axarfjordur area 


The present activity js taking place mainly within the 
Krafla caldera and in the Axarfjérdur depression. The two 
areas lie on a fault swarm which is about 100 km long and 
has a maximum width of 10 kfn (Fig. 1). 

Basaltic fissure volcanism is concentrated mainly within 
the Krafla caldera and near Námafjall (Fig. 2). In post- 
glacial time about 20 eruptions have occurred in the Krafla 
caldera and its nearest surroundings, and about 15 in the 
Námafjall area. Most of the fissure eruptions are basaltic, 
but andesite and dacite flows have also been erupted in 
both areas. Voluminous silicic eruptions have not occurred 
in postglacial time but four subglacial silicic eruptions 
within and around the Krafla caldera have produced large 
domes or ridges during the last glacial period. The Krafla 
caldera contains explosion craters that have ejected small 
quantities of rhyolitic pumice. The most recent crater 
formed in 1724 at the beginning of the 1724-29 volcanic 
episode (Myvatn fires). 

Tephrochronological studies“ indicate that postglacial 
volcanism in the Námafjall and Krafla areas occurred in 
two main periods: in early postglacial time, and during 
the last 3,000 yr. The period of repose may have lasted 
more than 4p00 yr. The Krafla and Námafjall parts of 
the fissure swarm have erupted 6-7 times each during the 
latter period of activity. At least two of the eruptions are 
common to both areas. Volcanism near Krafla has been 
concentrated along the centralepart of the fissure swarm 
during this period; earlier, it was dispersed over the entire 
caldera. The largest volume of basaltic lava produced in a 
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Fig. 1 Fissure swarms in the Neovolcanic Zone of north Iceland. 

The present rifting is taking place in the swarm through the 

Krafla caldera and extends from Myvatn to Axarfjérdur. Inset 

map shows the location of the area in relation to the Neovolcanic 

Zone and the Tjérnes Fracture Zone (TFZ). Dates of activity: 
1, 1727; 2, 1725-29, 1746, 1975, 
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single eruption in the area came from the Threngslaborgir- 
{.udentsborgir crater row on the Námafjall part of the 
swarm about 2,000 yr ago. Its total volume has been esti- 
mated as 2-3 km’ and the areal extent is about 220 km’ 
(refs 9-11). Few flows of the swarm, however, exceed 
0.2 km’. * 

The Krafla caldera measures about 10km east-west and 
about 8km north-south. It formed during the last inter- 
glacial period and has since been filled almost to the rim 
with volcanic material. The caldera’s collapse almost cer- 
tainly followed the eruption of a sheet of dacitic welded 
tuff which is exposed around the caldera (Fig. 2), and 
is an airfall tuff, blown mainly towards the north-east from 
a source near the centre of the caldera. A shield volcano 
with a diameter of at least 20km existed before the 
caldera formation, and its remnants enclose the caldera 
on the east and west sides, exposing lavas and breccias dip- 
ping outward at low angles. Dykes and eruptive fissures 
trending parallel to the caldera ring fault are conspicuous 
around the caldera. 

A high- -temperature geothermal feld lies within the 


caldera. Drilling has revealed temperatures >340°C at 
* 


Heran $ hgras' 
sit + { 
fevdstykKi/, 


LAVA FLOWS OF 1725-29 ERUPTION i 


eO CRATER ROW OF (725-29 ERUPTION 
WELDED DACITIC TUFF °? 

pe CALDERA FAULT 

wey FAULT OR OPEN FISSURE © 

dn Fuows oF oec. 20" 1975 ERUPTION 


KRAFLA 
\4 


ie ; 
4, 7 apg CRATER} 
be f 


# POWER HOUSE 
+ 


a 


TA 
dee 
wre 
me Š 

a 

Nan 

. 


iy j 


rites 
ate’ Pe 
ee f z 
an F ma 
my atone, wate a ‘oe i 
ENA pe tee ONY 
rate oe a E 
pa a 
he pon 
i fe A, ba 
y Arah, 
EA 
ge So . 
4 ca e 
REYKMHL RN 
N e. 
Reel 
ns 
a 





Fig. 2. Outline geological map of the Krafla caldera and the 
associated fault swarm. 


2km. Basaltic intrusions, with dolerite and granophyre, 
become increasingly abundant below 1.2km. Correspond- 
ing coarse-grained rocks are conspicuous among xenoliths 
of the welded tuff and the ejecta of the 1724 explosive erup- 
tion. Another high-temperature geothermal field exists at 
Námafjall, and drilling to a depth of 1.8 km, revealed tem- 
peratures of over 290 °€. 

Petrological studies in the Ndmafjall-Krafla area show 
compositions ranging from olivine tholeiites to rhyolites. 
Within postglacial time all these rock types have been 
erupted. The basalts of the fissure swarm through Nama- 
fjall and Krafla are quartz normative tholeiites which seem 
to be of almost identical composition throughout the 
region, ‘ 

Axarfjordur is a down-faulted trough 25km broad that 
has subsided at least 1,000 m relative to its uplifted western 
margin at Tjérnes during the Brunhes magnetic epoch’. 
Volcanism is unknown within the Axarfjérdur depression 
but has occurred along its western and eastern margins. 
The fault swarm which passes through Námafjall and 
Krafla runs into the eastern part of the Axarfjördur de- 
pression, 


Historic volcanic activity 

Historical accounts mention only one eruption in the 
Krafla-Namafjal] fissure swarm in 1724-1729. Contem- 
porary descriptions of this eruption, the Myvatn fires, are 
available’. On 17 May 1724, a réw of explosion craters 
formed. The eruption was mainly from one main crater, 
Viti, which ejected both silicié pumice and basaltig scoria, 
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but mostly mud and rock debris from the near-surface 
rocks’. This eruption lasted only a day or two. In 1725, 
on 11 January, earthquakes occurred and ground fissures 
opened along the swarm from near Krafla southwards. 
Steam and mud craters formed in the Krafla and Námafjall 
geothermal fields, with little or no volcanic activity. Earth- 
quakes were felt throughout 1725. No further significant 
activity was reported until August 1727, when a fissure 
eruption started in Leirhnjikur near the centre of the 
caldera. A pulse in this eruption occurred in April 1728, 
when the eruptive fissure extended southwards to 
Námafjall. Another pulse occurred in December 1728. The 
lava continued to flow until September, 1729, when the 
eruption stopped. The lava flows cover about 35 km’ and 
the total length of the discontinued volcanic fissure is 
likm (Fig. 2). “ 

A minor volcanic eruption was reported on this fissure 
in 1746, accompanied by earthquakes and ground move- 
ments, but the eruption site or products have not been 
located. : 

A sinlar course of events was observed during the 
1874-75 activity of the Askja caldera and the associated 
fault swarms’. In February 1874, increased steam emis- 
sion was observed in the Askja caldera. Earthquakes and 
fissure movement were first observed during the autumn of 
1874, 50 km north of the Askja caldera itself*. In January 
1875, a small eruption occurred in the caldera, followed in 
February by a basaltic eruption within the fissure swarm, 
50 km north of Askja, which continued intermittently for 
8 months, accompanied by intense earthquake activity and 
considerable fault movement. Within the Askja caldera a 
maor silicic tephra eruption on 29 March produced ap- 
proximately 0.5-0.7 km? of ash, calculated as solid rock”, 
and a caldera of about 2km* volume collapsed within the 
pre-existing caldera”. 

In*1618 earthquakes and faulting, lasting several months, 
‘in the*fault swarm west of the Krafla~Axarfjordur swarm 
were recorded (Fig. 1) (ref. 16). 


The initial seismic activity i 
Conspicuous seismic activity was noted in the Krafla cal- 
dera during early 1975. Towards the autumn, when earth- 
quakes approaching magnitude 4 occurred there, it became 
apparent that this activity was unusually high. The number 
of seismograph stations was therefore increased, and in 
October 1975 seven stations were in operation within 60 km 
of Krafla. Furthermore, a local civil defense committee» was 
set up and an emergency plan was designed in case of a 
voleanic eruption. 

In the morning of 20 December 1975, the seismic acti- 
vity increased markedly. Shortly after 10 a.m. continuous 
tremor was seen on the seismograph closest to Krafla, 
accompanied by an intense earthquake swarm that soon 
saturated the seismographs. When this increase in activity 
was noticed an eruption warning was issued to the Civil 
Defense Authorities shortly before ll a.m. At 11:08 an 
eruption started near Leirhnjikur in the centre of the 
Krafla caldera’”’™. 

The vigour of the eruption decreased quickly and at the 
same time the seismic activity, that started near Leirhn- 
idkur, propagated northward along the fault swarm. Within 
2h at least 40km of the fault swarm had been activiated. 

The earthquake swarm that followed the eruption con- 
tinued for several weeks but after the first few hours the 
activity was mainly confined to two separate areas: inside 
the Krafla caldera and in the Axarfjérdur ‘region (Fig. 1). 
In both areas the magnitude of the largest earthquqakes 
continued to increase until mid-January. In the Krafla 
caldera the largest earthquakes occurred on January 6 and 
19 (magnitude 5.0), but" in the Axarfjérdur region the 
largest earthquake (magnitude 6.3) occurred on January 
13, 1976, and caused considerable damage in the village 
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Kópasker and vicinity. From 20 December to mid-February, 
during the most intepse earthquake swarm, 36 earth- 
quakes of magnitude 4.5 or larger and six earthquakes of 
magnitude 5.0 and larger occurred. 

The epicentres in the Krafla area during this time were 
distributed throughout most of the caldera. Most of these 
earthquakes seem to be related to some process within the 
caldera itself, rather than the fault swarm that crossts the 
caldera from south to north. Most of the hypocentres were 
between 0 and 4 km deep, and a few were as deep as 10 km. 

In the AxarfjGsdur area, however, there was a clear re- 
lationship between the distgibution of epicentres and known 
fault systems. Epicentres were distributed along the north- 
south trending fault swarm from 66°00’N to 66°14’N, where 
the epicentre belt took a north-westerly trend to follow the 
Grímsey fault of the Tjörnes Fracture Zone (Fig. 1). The 
large earthquake on 13 January took place near the junc- 
tion between these two fault systems. 


The eruption and the lava 


At about 11 :25a.m., 20 December 1975, an eruption’ was 
reported in Leirhnjukur from an overflying aeroplarie. At 
10:25 pilots of the same plane had seen no sign of an 
eruption in the area. Other observations from aeroplanes 
crossing the area revealed that the eruption probably started 
at about 11:08 a.m."*. The first reports and photographs 
taken at 11:25 a.m. show that most of the lava*had already 
been erupted. 

The eruptive fissure is about 2km long but lava was 
erupted from the northern half only, where three small 
individual lavas were erupted with a total surface area of 
0.36km’, The new craters formed on the same fissure as 
was active during the eighteenth century eruption. 

The first visitors to the eruption site at noon saw only 
relatively minor movements at the lava margin. However, 
they witnessed fault movements and the opening of a mud 
crater on a fault which cuts through Leirhnjudkur.eIn the 
evening of 20 December, very minor volcanic explosions 
were observed in the craters; the explosions ceased alto- 
gether during the following night. After the lava emission 
stopped the craters continued to emit water and steam, at 
first, with considerable force, then rapidly decreasing. Only 
minor steam vents are still active along the fissure. 

The lava is an extresnely vesicular pahoehoe type lava, 
with average thickness of <1 m. No cones were formed 
and there was no ash production. This lava is homogenous 
in composition and identical to other basalt lavas that have 
been erupted from this fissure swarm in postglacial time. 
It is basalt (quartz normative tholeiite) with occasional 
glomerophyric plagioclase and rare microenphenocrysts of 
olivine. 


Horizontal and vertical movement 


Movement along pre-existing faults was noticed very soon 
after the earthquake activity began. Some idea of the 
horizontal and vertical movement could be gained by 
measuring newly formed cracks. The width of individual 
cracks was measured and the aggregate moventent deduced 
from measurements on profiles across the fault swarm (Fig. 
1). In the Krafla area, rifting and vertical fault movement 
were both about 70cm. In the Axarfjérdur area, the aggre- 
gate widening of the fault swarm was 1.0-1.5m on 30—40 
individual faults”. Subsidence within the fault swarm in 
Axarfiérdur is estimated to be at least 1 m. 

Field inspection of the fault swarm between Axarfjérdur 
and Krafla at 5-km intervals showed that the major move- 
ments were confined to the Axarfjérdur district and the 
Krafla caldera, with minor displacements between these 
areas. South of the Krafla caldera, fault displacements of 
5-10 cm occurred between Námafjall and Lake Myvatn. 

. The fault direction is 20°E. Most of the faults indicate 
a simple opening movement, but occasional faults have 
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Fig. 3 Correlation between (a) the tilt of the Krafla power house 

and (b) the seismic activity within the caldera. The north-south 

component of tilt is shown, (increasing numbers mean tilt down 
oe north). The tilt corresponds weli with the land elevation, 

N is the 5-d running average of the number of earthquakes per 
24h recorded at the seismic station near Reykjahlid (Fig, 2) 
with amplitude above a certain threshold. From 20 December 
1995, to 14 February 1976, N was > 130 and most of that time 
> 1000. The tilt measurements before 20 August were done by 
optical levelling by engineers of Thoroddsen and Partners, 

engineering firm. 
& 
vertical displacements of up to 60cm. Movements con- 
nected with the large Kópasker earthquake of 13 January 
affected faults east of AXarfjérdur, although the epicentre 
of the earthquake was off the coast. 

Levelling carried out in the southern part of the Krafla 
area in 1974, and in early March 1976, indicated that 
considerable subsidence had occurred. The maximum 
measured subsidence of 2.1m relative to the north end 
of Lake Myvatn was found near the eruption site. Further, 
it was noted that a 70-m long building at the power station 
inside the southern part of the caldera (Figs. 2 and 3) had 
tilted about 700 wrad,.to the north relative to measurements 
made 2 months before the eruption. 


Later events in the Krafla area 


After the culmination in January 1976, seismic activity 
gradually decreased in both the Axarfjordur and the Krafla 
areas, In March 1976, the events in the Krafla area took 
an unexpected course and since then there has been a 
significant interplay between land elevation changes, fault 
movements, earthquakes and bursts of volcanic tremors 
within the Krafla caldera and theeassociated fault swarm. 

Soon after the large earthquake swarm was over, the 
area started rising again (Fig. 3). The rate of uplift was 
relatively constant, 6-7 mmd™, at its maximum near the 
centre of the caldera, decreasing gradually outwards to 
<i mm d` 10km south of the centre. In May, a slow in- 
crease in the frequency of earthquakes was noticeable. 
Measurements showed that the land had regained 50%, of 
the original su’bsidence by the end of September, and the 
earthquake frequency had increased by a factor of 10 as 
compared with the minimum in April. Then a sudden drop 
in the seismic activity was ‘hoticed and at the same time 
subsidence occurred at a relatively high rate, lasting 6 days 
and amounting to about 15cm near Leirhnjikut. During 
the period of highest subsidence rate, bursts of continuous 
tremor were seen on the seismographs and small earth- 
quakes were recorded, originating in the fault swarm about 
15km north of the caldera, on the Gjdstykki faults. On 
4 October, the subsidence stopped, and the area started 
rising again at a similar rate as befere. 

The seismic activity remained very low until the land 
elevation approached the same level as before the last sub- 
sidence. Then the earthquake frequency increased sharply 
to almost the same level as before. The elevation had 
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slightly passed the level of 30 October, when further sub- 
sidence started, lasting about 48h, and the area around 
Leirhnjukur subsided about 50 cm. ‘The subsidence rate was 
much higher than m the previous event and was accom- 
panied by continuous tremor on the seismographs. Simul- 
taneously, fissures in «he middle of the caldera showed sig- 
nificant contraction. About Sh after the beginning of the 
subsidence a large earthquake swarm (not shown in Fig. 3) 
started again in Gjastykki north of the caldera. People 
travelling in Gjastykki felt earthquakes and continuous 
tremor and saw a cloud of steam emanating from a fissure. 
Later inspection revealed fresh fault movements and a new 
thermal area in Gjastykki. The earthquake swarm lasted 
2d, and as soon as the earthquakes stopped in the Gjastykki 
faults the land started rising in the Krafia caldera, this time 
at a similar rate to before. The earthquake frequency 
within the caldera is, in late December 1976, at a minimum, 
but is expected to increase sharply when the elevation 
approaches the level of 30 October. 

Boréholes have recently been drilled down to 2 km in 
the Krafla area. One of these had been blowing for 4 months 
before the eruption. In April*1976, the CO. content of the 
aquifer water had increased from 200 to 20,000 p.p.m. The 
CO, content of the borehole has since lowered somewhaé but 
is stil] 10-20 times higher than before the eruption. At the 
same time, the pH dropped from 8.6 to 1.9 in the discharge 
from another uncontrolled borehole, and has since returned 
to its previous value. 

The composition: of gas emitted from fumaroles has 
changed significantly towards increase in CO., relative to 
HS and H.. The appearance of new fumaroles and in- 
creased activity @f others indicates a significant increase in 
the thermal output of the area during the last few months. 

Boreholes at Námafjall extend down to 1.8km, and a 
considerable amount of data are available on these holes. 
Measurements since the events of 20 December 1975, have 
so far revealed no change in composition compared with 
earlier measurements. 
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Discussion 

The main significance of the activity taking place now in 
northeastern Iceland is the light it throws on the mechanism 
of rifting and the associated magmatism. It demonstrates 
that the rifting long predicted for Iceland as a part of the 
oceanic rift system is episodic rather than continuous. The 
historical record shows that the interval between these 
episodes is of the order of 100-150 yr. Each rifting episode 
has a duration of severa® months to a few years, and extends 
over 50-100-km distance along the rift zone. The present 
episode started near the south end of the zone that was 
activated but propagated rapidly along the fault swarm. 
Seismic activity and faulting have since been primarily 
concentrated near the ends of the active rift: the central 
volcano Krafla in the south and the intersection of the 
North Iceland Rift Zone and the Tjörnes Fracture Zone 
in the north. Seismic energy release has been greater near 
the northern end of the zone than near its southern end, 
but the northern end now segms to be coming to a rest 
while the southern end is still active 12 months after the 
rifting started. 

This rifting, like that in the eighteenth and nineteenth 
centuries, is closely connected with magmatism. The causal 
relationship between rifting and magmatism is, however, 
unclear. 

The eruption of 20 December 1975, is only a minor mani- 
festation of the total magma movement. The volume of 
the lava erupted (3x10 m*) is much smaller than the 
volume of the initial subsidénce bowl, which can be esti- 
mated at 10°m’*. The subsidence iseinterpreted as a result 
of the widening of the rift system and a movement of 
magma from the Krafla area along the fault swarm to the 
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north, presumably along a horizontally fed dyke opened by 
the rifting process. . 

Later, in March 1976, the Krafla area started inflating, 
but the inflation has twice been interrupted by short sub- 
sidence events. At the end of September and the end of 
October (Fig. 3). These subsidence events are of a similar 
nature and it is probable that the difference between these 
and the large event that started on 20 December 1975, is 
only in degree. 

The inflation is interpreted as being caused by magma 
transported from below accumulating at a shallow depth 
within the Krafla caldera. Simpleemodel calculations indicate 
that the inflow of magma into the roots of the caldera since 
March is approximately 5m’ s”’. 

The deflation is caused by release of pressure in the 
magma chamber by widening of the rifts and flow of magma 
into the fault swarm north of, the caldera. This flow is 
accompanied by volcanic tremors, earthquakes, faulting 
and thermal activity in the fault swarm. In this model the 
earthquakes in the caldera are caused by inelastic deforma- 
tion of the crust above the magma chamber. 

Further support of this model comes from work in pro- 
gress on the distribution of earthquake hypocentres within 
the caldera and the attenuation of S waves, which strongly 
suggests the presence of a magma chamber below the depth 
of 3 km. The low pH value measured in the borehole fluid 
last April and the increase in CO: are interpreted as being 
a result of the influx of magmatic gases into the hydro- 
thermal system. 

Judged from previous historical events, years may pass 
before the area comes to rest. Therefore, and because of 
the economic importance, great emphasis is put on con- 
tinued monitoring of the area, including telemetering of 
signals from three seismometers to an observatory where 
they are watched around the clock. The tilting of the 
Krafla power house is recorded twice a day and the ground 
‘moventent is measured by optical levelling and gravimetry 
every 2-4 weeks. The movement of faults is monitored. The 
composition of borehole discharge is monitored regularly. 
The gases emitted from fumaroles are analysed every few 
weeks. Ground temperatures are measured and a close 
watch is kept on the thermal fields. Plans have been tested 
so the area can be evacuated at a very short notice in case 
of abnormal seismic activity. . 

From the data accumulated so far a better understanding 
of the rifting mechanism and the associated magmatism is 
rapidly emerging. It is obvious already that the data ‘will 
reveal many of the detailed features associated with the 
formation of the Icelandic crust. 

This paper is based on the work of many people who 
contributed data and took part in discussions. These in- 
clude Sveinbjörn Björnsson, Gestur Gíslason, Egil 
Hauksson, Gunnar Johnsen, Hrefna Kristmannsdóttir, Níels 
Oskarsson, Gudmundur Pálmason, Oddur Sigurdsson, 
Gudmundur E. Sigvaldason, Ragnar Stefánsson, Valgardur 
Stefánsson, Sigurdur Thorarinsson, Gunnar Thorbergsson 
and Oskar Thordarson. 

Note addéd in proof: On 20 January 1977, the floor of 
the Krafla caldera subsided again about 30 cm in 20h. This 
was accompanied by seismic activity, fault movements and 
development of a new steam field within the fault swarm, 
Gyastykki. The centre of the caldera started to inflate 
immediately after this subsidence and another subsidence 
period is expected in early March 1977. 
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Saturated platelets are new intermediates in 
hydrocarbon pyrolysis and carbon formation 
John Abrahamson i 
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Formation of solid carbon during pyrolysis of gaseous 
hydrocarbons may involve ‘saturated platelet’ intermediates. 





AN important problem in flames and in the industrial pyrolysis 
of hydrocarbons is the understanding of how solid carbon is 
formed, either in the gas phase (soot) or on surrounding 
surfaces. Various mechanisms have been discussed? ?, but none 
takes full account of soot ball internal structure, electrical 
phenomena and the startling temperature range (1300-2300 K) 
of soot formation. This article proposes a single Toute to soot 
for all conditions, passing through sequential chemical and 
physical steps. 


Small intermediate molecules 


To explain soot formation from varied starting hydrocarbons, 
possible common intermediate molecules proposed are carbon 
vapour (C, C, Ca, and so on), benzene (and other aromatics), 
and acetylene**. Gaydon and Wolfhard! have convincingly 
criticised the carbon vapour route at lower temperatures. 
Certainly the band radiation of C, is not evident in pyrolysing 
hydrocarbons at lower soot-forming temperatures®. It has been 
suggested that benzene and other aromatics condense chemically 
to for the polyaromatic molecules found in flames*, and 
hence soot. During pyrolysis of benzene, however, benzene 
absorption disappears well before soot-like luminosity is seen, 
without the appearance of polyaromatic bands*. Concentrations 
of polyaromatics in a psemixed flame continue to rise slowly 
through the sooting region, indicating that polyaromatics are 
byproducts rather than intermediates of the sooting process’. 

Porter?! states that acetylene is “the last stable hydrocarbon 
to be observed before carbon formation”. It is formed in 
appreciable quantities in most pyrolyses above 1300 K, and 
is still relatively stable at the highest soot-forming temperatures 
(2300 K). Temperature measurements of the pyrolysis of 
methane show that.an overall endothermic process is followed 
by an overall exothermic process*. This is consistent with 
strongly endothermic reactions to acetylene, followed by 
exothermic steps to soot. Porter has outlined processes which 
would begin with acetylene and end with soot. Obviously 
some polymerisation will occur (C.---C,,%) and some dehydro- 
genation (H/C from | to 0.1 atom ratio), but the sequence of 
these steps will be governed by the chemical kinetics. The high 
transition-state entropy decrease found with typical poly- 
merisations, and the higher activation energies found with 
decompositions suggest that most decomposition reactions will 
be faster than polymerisations for temperatures higher than 
1300 K (ref. 3). Porter concluded that little polymerisation 
could occur at sooting temperatures without some dehydro- 
genation, and*that they were simultaneous processes and 
intimately connected. 


Saturated platelets 

If acetylene is the common small intermediate in soot formation, 
it is probable that there are larger intermediates formed before 
soot, for a study of soot formation in heated acetylene showed 


that the soot balls continued to grow in size even after all the 
acetylene had been removed’. Optical absorption evidence in 
an oxygen-acetylene flame showed that all the soot suéstance 
was present in some larger (absorbing) intermediate before 
much soot was detected’, and cooled-probe tar collection in. 
benzene pyrolyses!! gave similar indications. | ee Be 
A, continuum absorption has been seen in pyrolyses and 
diffusion flames of hydrocarbons’. This absorption was pro- 
bably due to larger soot precursors or intermediates because it 
was seen in all pyrglyses and flames before sooting occurred, 
and it was not seen in the soot-free pyrolysis of methyl alcohol. 
These precursors of soot are probably generally formed from 
acetylene, for the continuifm was found at lower temperatures 
in the pyrolysis of acetylene than with other hydrocarbons 
(including benzene). In a mass spectrometry study of transient 
species in low-pressure acetyfene-oxygen flames’, two types of 
species peaked in concentration before soot was found— 
polyacetylenes (C.,H.), and a group of much larger molecules 
in the mass range 300-500. These latter were found in very low 
concentrations (1077 mole fraction) compared with the poly- 
acetylenes, suggesting a route through polyacetylenes to soot, 
although the larger molecules could also contribute. Poly- 
merisation of long rod-like polyacetylenes at higher tempera- 
tures seems unlikely, however, as configurational entropy and 
activation eneggy differences probably again favour decom- 
position reactions. Mass spectral data suggest that the larger 
molecules lost hydrogen continuously before or during samp- 
ling. By collecting ‘young soot’ on cooled tubes in the flame, the 
hydrogen-carbon ratio of the substance was found to be 
high as 1. | 
These observations can be explained if one postulates that 
structures of the type shown in Fig. į are formed directly from 
acetylene. They retain the H-C ratio of acetylene at lower 
temperatures, and have a puckered layer of carbon atoms 
bonded by single bonds, except at the edges. Hence ‘saturated 
platelets’ is an appropriate term for them. They can retain 
radical sites, and acetylene can add on by a radical mechanism. 
Hydrogen atoms are held above and below the carbon layer on 
alternate carbon atoms, and can be lost as H, from the inferior 
of the platelet*by a radical mechanism. Hence graphite-like 
layers are formed from the inside, moving to the outside, and 
simultaneous addition of acetylene and dehydrogenation is 
possible in the same molecule at different sites in excellent 
agreement with Porter’s prediction. If the dehydrogenation is 
more rapid than addition, only a perimeter of hydrogen atoms 
remains and one has the polycyclic aromatics observed in 
flames. Acetylene pyrolysis in conditions where no breakdown 
of the carbon skeleton of platelets is expected’? (small hot wire 
immersed in cold acetylene) yielded an oily deposit on the walls, 
consisting of “a series of heavy polynuclear aromatics con- 
taining even numbers of carbon atoms”. This is good evidence 
for the direct build-up of acetylene into these barger species. 
Evidence supporting the existence of saturated platelets is the 
observation! of arrays of 0.154-nm (singly-bonded) C-C 
bonds by electron diffraction ef ‘young soot’, in addition to the 
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0.141-nm graphite-like C-C spacings. Also, ‘young’ soot has 100 
times the electron spin resonance strength of ‘old’ soot sampled 
further downstream in the flame’, indtcating many radical sites 
on the young soot. This is consistent with the presence of 
saturated bond areas on the adhering material which neutralise 
free radicals in the prpcess of dehydrogenation to the more 
stable aromatic form. 

The thermodynamics of platelets, calculated from group 
properties, can be summarised thus (see also note added in 
proof) 


j 2 
CH, ~~ 2 (CH) (saturated platelet). 2C (graphite) ~ H. 
AH, = ~240kJ mol! AH, = 15 kJ mol” 
AS,’ = ~360J mol! KAS, = 220 J mol “' K™ 


all at 300 K. AG, is negative for temperatures < 650 K, whereas 

AG, is negative for all temperatures > 70 K. Saturated platelets 

can then be expected to be short-lived at Mame temperatures 

before Yehydrogenation occurs. The kinetics of acetylene dis- 

appearance and the appearance of ethylene, benzene and so on, 
e 





Fig. 1 a, Model of a CHa, saturated platelet, ®vith attached 
C,H, radical chain, showing the puckered carbon skeleton and 
distorted general shape. The CHo; heat of cumbustion Q 

330 kJ mol! © atoms, equal to that of a bituminous coal”. 
b., Model of a Cy.Hy, platelet with attached C,H, radical chain, 
showing a central aromatic region formed by dehydrogenation. 
The C,.H,, Q = 365 kJ mol-?C atoms, higher than that of a 
bituminous coa t but accounting for several C-O bonds 

restoreg Q to that of coal. 


at the lower temperatures has been interpreted in detail in 
terms of radical platelets. This analysis will be published 
elsewhere, but it is sufficient to note here that the ‘polymer’ of 
composition C,.H,. found by Silcocks™ in particular corres- 
pondg well with the existence of saturated platelets. 


Control of platelet formation and grewth 

Formation of saturated platelets probably begins with the 
formation of benzene (or a derivative) and then naphthalene 
(or a derivative). Experiments with nitric oxide! indicate a 
radical mechanism for acetylene disappearance, so a phenyl 
radical and then larger radicals are likely intermediates on the 
route to a saturated platelet radical (Fig. 2). The disappearance 
of acetylene can, in fact, be explained only by the involvement 
of a large molecule. The kinetics of disappearance are second 
order over the extraordinary temperature range 650-2500 K 
(ref. 15). Bimolecular mechanisins which are currently favoured’? 
utilise small radicals suth as C,H, especially at high tem- 
peratures. Reactiohs with five fo seven atoms in the transition 
state, however, become energy-transferelimited at temperatures 
in the vicinity of 1000 K (ref. 16). Hence a small radical- 
acetylene reaction which was second order at lower temperatures 
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should become third order at temperatures not much higher 
than 1000 K. If the radical is attached to a large enough body 
(platelet), the decomposition should remain second order to 
very high temperatures, as observed. 

Soot formation may be limited at the higher temperatures by 
the initial steps of producing phenyl (CgH,) radicals or similar 
aromatic radicals, as expected from entering an energy-transfer- 
limited regime. This would explain why, in premixed flames, 
naphthalene and benzene derivatives produce soot at lower 
fuel-air ratios than acetylene’. This ‘sooting tendency’ in 
competition with oxidation has been used, to argue for the 
aromatic polymerisation route, gnd against the acetylene 
mechanism, but the survival of some aromatic radicals derived 
from benzene or naphthalene fed to the flame may bypass the 
otherwise limiting step of making benzene or naphthalene and 
allow a faster build-up of acetylene on these radicals to form 
saturated platelets. 

In shock tube studies!’ of benzene, toluene, ethylbenzene and 
indene in the temperature range 1600-2300 K, soot particles 
were identified by the scattering of light of 488 nm wavelength, 
but there “was also absorption of this light in the pyrolysing 
mixture before scattering occurred. There was absorption at 
632.8 nm which increased later than that at 488 nm, entirely 
consistent with the absorption found by Parker and Wolfhard'— 
a continuum spreading from the ultraviolet into the visible 
spectrum. Measurements of the ratio of absorption at these 
two wavelengths!? show that the ratio reached a steady value 
(when dehydrogenation had ceased) close to the time soot 
particles appeared. Again, these observations are consistent 
with the formation of saturated platelets which are dehydro- 
genated to the point where they are agglomerated to soot 
particles. The continuum spreading into the visible is likely to 
arise from increasingly conjugated double bonds, either in 
chains attached to the platelets or integral with its structure, 
on an edge. 

The finding that this absorption reached a plateau which was 
lower (ower soot yields) with higher temperature in contrast 
with the higher rate of absorption increase with higher tem- 
perature, was interpreted’? as indicating competition between _ 
a rapid direct soot formation from aromatics, and a, slower 
indirect route to soot by fragmentation reactions (for example, 
through acetylene). An alternative explanation is that the absorp- 
tion measured platelet concentration rather than soot during its 
inital increase, and that initiation of platelets, which occurred 
almost solely at the beginning of the shock period when hydro- 
carbon concentrations were high, has a negative temperature 
coefficient because ofa rapid route through an aromatic (unstable) 
vying with a slower acetylene (stable) initiation. Thus, as the 
temperature was raised, fewer platelet initiations occurred, 
resulting in a lower conversion to absorbing platelets and soot. 
Growth of each platelet was more rapid with rising temperature, 
however, showing a more rapid rise of absorption. 


Agglomeration of platelets 

A mechanism proposed for agglomeration of larger intermedi- 
ates is physical nucleation and condensation into liquid droplets. 
This was supported by Lahaye, Prado and Donnet. If liquid 
condensation®occurs at all, however, it must be limited to the 
very lowest of sooting ternperatures. The large molecules found 
by Homann and Wagner’ correspond to Cy,--C go polycyclics. 
The condensation points of these molecules can be estimated— 
the polycyclic perhydrochrysene (C,.H 3.) has a boiling point 
(1 atm) of 630 K (ref. 19) and the condensation point of the C49 
molecules is likely to be no greater than 1100 K(by extrapolation 
of Fig. 35 from ref. 20). Johnson and Anderson’ collected 
‘polymer drops’ from the pyrolysis of acetylene, but these only 
appeared when they sampled in regions with the temperature 
below about 570 K. They concluded that any drops observed 
after pyrolysis had been condensed on to small carbon particles 
and then only when the pyrélysis gas was cooled below 570 K. 
It is thus unlikely that a liquid droplet route can operate in the 
formation of soot balls. 
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=œ A number of observations support an electrical mechanism 
| of soot ball nucleation.*An increase in soot particles deposited 
on electrodes from a diffusion flame was found after seeding 

with cesium chloride”. When soot formation was promoted 
and positive hydrocarbon ion concentrations were elevated by 
adding carbon tetrachloride in a diffusion flame®?, there was a 
local depletion of ions where soot was forming. The concen- 
trations of large positive hydrocarbon ions in premixed flames 
have been shown to peak just upstream of soot formation?3, 
and many of the younger soot particles were positively charged. 


| Original hydrocarbon 
. cae eee 


Non-—aromatic Aromatic 


| 





C,H, y ` 
+ -C,H———» SOE C,H, radical 
i 4 
H H 4 


C,H, addition 





C,H, addition 






to large platelets C, 4H, radical 
ü platelets 


Fig. 2 Initial steps in the formation of a saturated platelet by 
radical addition of acetylene. 


The necessity of electrical charges playing some part in soot 
fotmation has been challenged! ?? with the observation that in 
the absence of a flame and its non-equilibrium ions produced 
by chemi-ionisation, ionisation should be negligible, and a 
pyrolysing hydrocarbon is not expected to soot by an electrical 
mechanism. There is electric probe evidence of charge carriers 
being generated in pyrolysing hydrocarbons in the absence of 
a flame in heated propane and methane**. Above 1330 K the 
probe current increased rapidly and carbon deposited only on 
the anode; during ethylene pyrolysis?’ at the lower temperature 
of 1100 K, with much higher electric fields, carbon deposited 
only on the cathode. Current transients from a probe immersed 
in shock heated ethylene indicated an ion recofnbination after 
the initial ionisation. These studies indicate that a flame is not 
necessary for the appearance of charge carriers related to soot 
formation, and suggest that the ions formed by the oxidation 
process itself are not necessary for some, at least, of the soot 
formation in flames. 

At higher temperatures it seems that negative charge carriers 
were carrying more carbon than positive charge carriers*®, 
suggesting thé existence of large negative hydrocarbon ions. 


Ion-pair processes AB--A*=-B~, or ionisation A--A*t--e 
followed by a rapid capture of the electron may well occur in. - 


hydrocarbons at these relatively low temperatures. Possible 
steps involve C,H,+ U = 5.8 “eV, refs 28, 29) and C,H™ 


relent s2 Dehydrogenating platelets, However. have the 
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possibility of creating aromatic edge sites with o-electron 
affinities similar to those of CH5, CioH;, CigHy radicals 
(2.2 eV or 1.2-1.6 eV (refs 33 and 34)). Thus negative platelet 
ions are good candidates for theelarge ions mentioned above. 
Evidence for generation of large negative hydrocarbon ions 


in pyrolysing hydrocarbons is indiregt because studies have. 


been done only in flames, for which an alternative interpretation 
is available—that electrons diffuse to the pyrolysis zone fro: 
the combustion zonegand attach to form negative ions. Large 





(up to the mass spectrometer limit, 130 mass number) negative 


ions have been found*® on the fuel side of a diffusion flame. 
The validity of the electron diffusion interpretation is being © 
checked by a similar study on pyrolysing hydrocarbons. on 
Thus, let us assume that a weak plasma exists in a pyrolysing ~~ 
hydrocarbon, consisting of small positive ions, large negative 
platelet ions and neutrals. Some of the neutrals will be platelets, 
and a certain fraction of all platelets and smaller molecules will 
be radicals. It is clear that this combination can lead to electrical- 
radical nucleation. 
(1) Some radicals will attach ions, and on average wi attach 
positive ions more frequently than negative ions (the positive 
ions are smaller and more frequently bombard other ‘species 
because of their high velocities). 
(2)eThe predominantly positive radical-ions attract and hold a 
negative platelet by an electrostatic force, resulting in. a 
directional approach and instantaneous bonding. te 
(3) The resulting neatral radical will on average acquire another 
positive charge by process (1) (bombardment charging). 
(4) A further electrostatic neutralisation as in (2) will occur. 
This cycle will be repeated until sufficient radical sites will have. 
been acquired so that neutral platelets begin to be attached 


(chemically) in appreciable pumbers: The aucleation has then $ 


ended, and normal growth of the soot ball has begun, withthe : 


charge still predominantly positive, but having little influence on. 


the growth. A factor which could also be important in maintain- 


ing the positive charge of nuclei relative to smaller gaseous posi- 


tive ions is the polarisation energy of the packed platelets (that of 
aromatic crystals is about 1.5 eV (ref, 36)), which will reduce 
the energy of any iow-pair process originating from the nuclei. 

Nuclei growth rate in the above ion-recombination process 
was calculated for the conditions of Prado’s pyrolysis of 
benzene™ at e380 K; this gives a platelet collection: rate: of 
only 10 of the average rate required to build up the final 
35-nm particles found by Prado. It seems that the growth 
accelerates after the nucleus is formed, and that the nucleus is 
very small, for the final particles contain material equivalent 
to 10* platelets. Notwithstanding the large uncertainties.in ion 
concentrations, these conclusions should still hold. [tis difficult 
to determine whether the growtheis wholly irreversible. We 
have evidence from rapid quenching experiments (unpublished) 
that a gas phase equilibrium is obtained during soot formation 
which ignores the presence of solid carbon. This would support 
an irreversible growth, much slower than the prevailing gas 
kinetics. On the other hand, there must be competition. between 
nuclei for platelets, and in the very early stages where the roer 
of successful nuclei is determined and the process is unlikely to 
be irreversible the electrical sphere of influence of each ion: may 
be important. Thus the Debye shielding radius, or the much 
smaller ion-recombination radius, may determine the final 
number of soot balls. For Prado’ S condition”, ye: radius 






105 m -7 

The physical form of soot is consistent with the platelet 
agglomeration ideas presented above. High resolution phase- 
contrast electronmicroscopy?? has shown that the basal layers 
in soot particles are aligned parallel to the surface (onion-like), 


_ which is easily explained by the wrapping around of platelets 
A deposited from the gas phase. Some layers show interlayer 


spacing well in excess of graplftic spacing, which is what would 
be expected from thaşe remaining saturated platelet regions 
‘Thermal’ carbon blacks—made by the pyrolysis of hydrocarbo 
in the absence of air—show, uniform spherical particles wit 
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single centre of growth. In contrast, furnace and channel 
blacks—made in the prefence of air—show many more growth 
centres per unit mass, and these are firmly embedded together 
by more onion-like layers” around the outside. Wersborg 
et al.***4 observed this latter type in flames, and from the peak 
in particle numbers with distance it seemed that each growth 
centre had an independent existence in the gas phase before 
coming together. The different physical forms may be related to 
electrically aided or hindered agglomeration in that non-flame 
pyrolysis probably results in many soot nuclei maintaining a 
positive charge, hirldering agglomeration, whereas in flames the 
soot nuclei may be positive,*neutral or negative, encouraging 
earlier agglomeration. 

The single-centred or multicentred units are finally found in 
many soots more or less tightly joined together in long chains. 
Howard** described well this final step of agglomeration, on 
the basis of the directional agglomeration of repelling like 
charges. All the steps proposed for soot formation are presented 
in Fig. 3. 


Deposition of carbon on . 
walls at high temperatures 


The deposition of platelets on walls is likely to be important 
wherever the hydrocarbon gas phase has been heated sufficiently 
to generate acetylene. Examples are the conditioning and coking 
of thermal cracker walis®, the deposition of lamingted pyrolytic 
graphite on hot surfaces, and the extensive rearrangements of 
structure occurring within hydrogen bearing carbon materials 
on heating. In the heating of cokes, for example, acetylene 
formed from residual hydrogen can redeposit from the pore 
spaces as platelets, which will then constitute a graphitisable 
portion of the solid. i 

Many hydrocarbon pyrolysis experiments have revealed the 
importance of aged walls (platelet-covered walls) for reproduci- 
bility of rates. The generation of wall radical sites, radical 
transfer to gaseous species, and eventual termination p&rhaps 
back on the wall as radical platelets, can explain such bebaviour 
and the occurrence of induction periods. The importance of 
wall-derived radicals is relatively easily recognised, but electrical 
effects must also be considered. Abrahamson and Kennedy“ 
found some electrical behaviour with their metal probe which 
was interpreted as being surface ionisation, at lower temperatures 
than that at which appreciable gas phase ionisation occurred. 
This wall behaviour is Consistent with the crystal polarisation 
effect, whereby the energy of an ion-pair reaction involving a 
platelet is smaller if that platelet has its electron levels banded 
with other nearby platelets, as on a wall deposit. The electrical 
control of wall carbon deposition found by Abrahamson and 
Kennedy at slightly higher temperatures probably relates only 
to the initial stages of deposition, but it could well be useful in 
the commercial control of wall coking. 


Deposition of carbon on 
walls at low temperatures 


If wall surfaces can supply free radical sites, and chemisorb 
products of surface rearrangements, it is possible that saturated 
platelets may form on the wall surface itself, from small 
molecules other than acetylene. This route should be observable, 
if at all, at lower temperatures where acetylene and gas phase 
platelet formation are unlikely. 

Lobo and Trimm* measured deposition rates in the range 
650-770 K and found zero order kinetics with a common 
activation energy for deposition from acetylene, ethylene, 
propylene and butene. Again, a reproducible rate was obtained 
only after several"! carbon layers had been deposited. Plummer?? 
notes that the ‘surface residue formed on nickel and tungsten 
has the same photoelectron spectra whether deposited from 
acetylene or ethylene. The residue formed from ethylene above 
230 K. On heating to 500 K, hydrogen desorbed from the surface 
until a (C-H), complex remained, which was stable up to 
1100 K. The formation of acetylene and hydrogen chemisorbed 
on to the surface---one interpretation of these experiments—is 
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not likely to be energetically as attractive as the formation of 
saturated platelets (C,H,), together with locally chemisorbed 
hydrogen. The electronmicroscope observation*? that pre- 
graphitic deposits formed on platinum tatalyst from various 
hydrocarbons at 633 K covered only distinct tiny patches of the 
surface supports platelet formation. ° | 

These temperatures are similar to those expected for coal 
formation, and humus formation in soils. I will argue in a 
later publication that the saturated platelet is the archetypal 
molecule for both coals and humic substances, and that light 
hydrocarbons from rotting vegetable matter rearrange relatively 
rapidly on finely divided soil constituents to form humus, but 
slowly over extended periods on other platelets to form coal 
seams. 

I thank the Nuffield Foundation for a Commonwealth 
Travelling Fellowship, and Professor J. F. Davidson and his 
staff in the Chemical Engineering Department, Cambridge, for 
their hospitality. 

Note added in proof. A recent crystalline orbital calculation**® 
of hydrogen atoms chemisorbed on to a single graphite layer 
(one side only) indicates that saturated platelets should. be 
stable to temperatures of 300 ôr 400 K, rather than 70 K. 
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The glyceraldehyde 3-phosphate dehydogenase holoenzyme 
of Bacillus stearothermophilus possesses precise 222 
symmetry: in this respect it differs from the reported 
structure of the lobster muscle enzyme. Pairs of active sites 
are linked through a flexible pol 'ypeptide loop which probably 
mediates the structural changes giving rise to cooperative 
effects. Three additional salt bridges made by each subunit 
to others would make a major contribution to thermo- 
stability of the tetramer. 








eres 
Many current ideas about the cooperative nature of protein 
transitions have derived from studies of p-glyceraldehyde 
3-phosphate dehydrogenase (G PDH). The structure and mecha- 
nism of this enzyme have been investigated for several species 
(for a review see wef. 1). All known GPDH molecules are tetra- 
meric with a molecular weight of 145,000 and bind four moles of 
the coenzyme, NAD. Although the four subunits are chemically 
identical? the affinity of NAD for the muscle enzyme decreases 
with each additional NAD bound. The first two moles of NAD 
are bound tightly and the second two loosely**. Yeast enzyme, 
however, displays a complicated mixture of positive and nega- 
tive cooperativity’ * è 

The model which best describes the binding is controversial. 
The allosteric model? of cooperativity and the induced fit 
modell- differ with regard to the preservation,of symmetry at 
various states of ligation. Both models assume complete 
symmetry for the non-ligated and fully ligated states, but the 
induced fit model allows asymmetry for intermediate states. A 
model for GPDH has been proposed” in which the molecule is 
never fully symmetric, but consists of an asymmetric pair of 
symmetric dimers, and this view has received support from 
crystallographic studies ef the lobster enzyme?*. 

The enzyme from mesophiles becomes unstable once NAD is 
removed. Because of its greater stability, GPDH from the 
thermophile Bacillus stearothermophilus can be crystallised with 
a range of NAD stoichiometries from zero to four moles per 
tetramer!®. The structure and properties of the bacterial enzyme 
are yery similar to those of the muscle enzyme". 

We report here the complete sequence of 333 amino acid 
residues in the subunit polypeptide together with the inter- 
pretation of an electron density map at 2.7-A resolution of the 
holoenzyme with four moles of bound NAD. For the first time 
it is possible to compare the stricture and sequence of a multi- 
subunit protein from both a mesophile and a thermophile. Our 
structure differs in some important respects from the structure 
of the lobster muscle enzymet™ t25, especially with regard to 
molecular symmetry. 


Experimental methods 


B. stearothermophilus GPDH was purified for crystallography 
by a modification of the method of Suzuki and Harris’, and for 
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sequence work according to Hocking and Harris'®. The 
sequence of the enzyme was determined largely (85%) by the 
automated Edman degradation technique with the aid of both 
spinning-cup and solid-phase sequencers (see legend to Fig. 1). 
The preparation, isolation and sequence determination of frag- 
ments of the enzyme are described elsewhere”. 

Holo-GPDH (with 4 mol NAD per tetramer) was 
crystallised by vapour diffusion against 2.4-2.7 M (NH 4):50,. 
The crystals contain a complete tetramer in each asymmetric 
unit. Rotation-oscillation data were collected on an Arndt- 
Wonacott camera. An initial electron density map at high 
resolution was calculated by isomorphous replacement from 
two derivatives, and improved by use of the molecular sym- 
metry 2223, 


Molecular structure 


The’ complete amino acid sequence (Fig. 1) is highly homo- 
logous with that of the lobster enzymet t, Of the residues, 51 eo 
are identical in the thermophile and lobster enzymes, as com- 
pared with 70°¢ identity between lobster and pig, and 68% 
between the lobster and yeast enzyme’. The essential cysteine 
*149 (rdf. 25) is retained in a stretch of conserved residues. The 
number of arginines is increased from nine to 15 and the 
number of cysteines reduced from five to two. Lysine 183 which 
takes part in an acyl transfer reaction??? in musgle apo- 
GPDH (NAD-free) is replaced by arginine in the thermophile 
enzyme. 

A diagrammatic representation of the whole molecule is 
shown in Fig. 2. The overall structare of the subunit of the 
thermophile holo-GPDH is closely similar to that described for 
lobster GPDH, consisting of fhe two folding domains shown in 
Fig. 3. The first domain, residues 0-148, contains most of the 
residues involved in NAD binding. The secondary and tertiary 
structural features of the lobster enzyme are reproduced quite 
accurately. Similar folding domains have been found in 
other nucleotide binding proteins?! Side chains implicated in ~ 
catalysis are contained in the second domain, the region com- 
prising residues 149-333. In this domain the interaction of the 
B-sheet regions, Bs with Be and B, with Bẹ is different from that 
of the lobster enzyme and gives rise to a modified hydrogen- 
bonding pattern. This change results in the burying of aspartic 
acid 293 which has significance for thermostability (see below). 

An important feature of this domain is an irregular S-shaped 
loop of polypeptide chain (residues 178-201) which is in 
contact with the NAD and with the S loop and the a, helix of 
the subunit related by the dyad axis marked R (see Fig. 2). In 
addition, this S-loop interacts with several amino acids across 
the P axis. 

The sequence of the S loop is highly conserved in the lobster, 
pig and yeast enzymes, whereas the homology between the 
thermophile and mesophile S-loop sequences*is only average. 
This is surprising since the S loops form the core of the tétra- 
mer, and most of their residues are internal, and essential to the 
interaction across the R axis. Many hydrogen-bonding groups 
in the main chain of the S Idop seem to be unsat isfied in both the 
lobster and thermophile enzymes. Conserved residues are simi- 
larly oriented in both structures. The conformation of the 
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Fig. 1 The primary $tructore. òf GPDH from B: stearothermophilus (upper) and lobster. The sequence of the thermophile enzyme. was ees 
obtained by. automated sequence analysis of fragments obtained from S(2-— “C)-carboxymethylated enzyme ‘with cyanogen. bromide, Ge 
rypsin digestion of citraconylated: protein and cleavage of succinylated protein with hydroxylamine“? and with BNPS-skatole®. The 
remainder of the sequence was obtained by the dansyl-Edman degradation® of peptides from sub-digests of cyanogen bromide fragments ` 
with trypsin. and staphylococcal protease**. The sequence‘of the lobster enzyme is from ref. 24. The residues of the enzymes are numbered” 

| to maximise homology between. the sequences. Hence the N-terminal residue of the thermophile GPDH iP numbered. 0: deletions 3 are 

| introduced at. residues 35. and 189 and insertions at 122 A and 138 A of the B. stearothermophilus protin. = 





S loop appears flexible, buti is dnaittsined by the vente of side 
y interactions. with neighbouring subunits made 
e Pand R axes. _ 

: Those. residus -extensive interface between 
subunits related: xis are highly conserved. The Q-axis 
interface involves few residues but these retain. the same specific 
< interactions as in the lobster enzyme??. 
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‘Active site 


The NAD binding region is ; shown i in Fig. 4. The coenzyme is 
bound as in lobster GPDH, differences being confined to a few 
residues interacting with the adenosine portion of the co- 
enzyme. All the residues implicated in substrate. binding and 
catalysis are conserved except asparagine 181. We observe the 
same two strong electron-dense features . which have been 
. interpreted as bound anions and are probably the sites of the 
phosphate groups of the substrates during the catalytic reaction 
(Fig. 4). | 

According to Trentham’s mechanism??? 34, (Fig. 5), glycer- 
aldehyde 3-phosphate reacts with the enzyme to form a hemi- 
thioacetal (ID), which is converted to an acyl-enzyme (III) with 


‘substrate’ anion site (P,). Two of these (threonine 179 


the P ofa hydride ion to the hicotinanaide:! C4. he i 
NADH is replaced at the active site by NAD (IV) the acyl 
enzyme is phosphorylysed to give the product 1, ,3-diphospho- 
glycerate (Y). In agreement with th e results of Moras et al 
model of the hemithioacetal built into the acti e site 1 
substrate chaih in an extended conformation points the ydride 
atom of Cl. towards. C4 of the nicotinamide and puts the 3- 
phosphate in the ‘substrate’ anion binding site (P, in Fig. 4). The 
Cl oxygen is thought to be protonated by the N° of histidinel 76, 
and the C2 hydroxyl of the D isomer can hydrogen bond to the 
hydroxyl of serine 148. The L isomer which is not a- substrate, 
cannot bind in this orientation because its C2 hydroxyl. would 
interfere with the imidazole ring of histidine 176. These con- 
clusions agree broadly with those reached for the lobster 
enzyme. “8 

Three amino acid side chains play an important pärt i inthe 













sine 181) are in the S loop °and the thifd (arginin 
surrounded by other side chains of the S loop. The. 
connects directly the NAD binding site of one sul 
catalytic site of the R-axis selated subunit. _ 
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Fig. 2 The four subunits are related by three orthogonal twofold symmetry axes, designated the P, Q and R axes in accordance with the 
nomenclature adopted® for lactate dghydrogenase and lobster GPDH. The four NAD molecules bind to the enzyme close together near 
the centre of the molecule. a, The enzyme tetramer viewed down the R-axis; the S-loop regions are labelled ‘S’. b, Viewed down the P axis. 
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NADH is replaced by NAD (IV, Fig. 5); this accelerates 
phosphorolysis and promotes specificity for phosphate instead 
of water as the acyl acceptor®®. Model building shows that the 
attacking phosphate in the transition state (V) can be stabilised 
by hydrogen bonds with serine 148 and threonine 150, the 
amide nitrogens of cysteine 149 and threonine 150, and the C2 
hydroxyl of the substrate. The C1 oxygentan be protonated by 
histidine 176. The 3-phosphate remains in the phosphate site P,. 
The close proximity of the sulphur of cysteine 149 to the posi- 
tively charged nicotinamide C4 would explain tte acceleration 
of the reaction by NAD. 


‘Racker’ band 


The characteristic absorption band at A», 360 nm in holo- 
GPDH, the ‘Racker’ band**, has been explained by the close 
association of the sulphydryl of cysteine 149 and the nicotin- 
amide ring giving rise to a®*charge transfer complex??. 

We find that the addition of Hg?* to holo-GPDH abolishes 
the Racker band, but unlike carboxymethylation, it does not 
weaken the binding of NAD to crystals. The crystal structure 
shows that mercury binds behind the active site between the SH 
groups of cysteines 149 and 153, rotating the side chain of cys- 
teine 449 so as to remove the interaction between the SH and the 
nicotinamide, but it produces no other structugal changes. It 
follows that this interaction can make only a small contribution 
to the NAD binding energy. The destruction of the Racker band 
by mercury without any other chagges in the environment of the 
nicotinamide supports the assignment of the band to a charge 
transfer complex3?:38. The distance of at least 3 A between the 
SH of cysteine 149 and the nicotinamide ring rules out a 
covalent interaction®*. 


Thermostability 


B. stearothermophilus GPDH retains structural integrity and 
_ enzymatic activity at temperatures up to 60-70 °C (refs 39, 40), 
~ while the Thermus aquaticts enzyme“ remains stable and active 
to 95 °C. The additional stabilisation energy needed to produce 
“these dramatically increased thermostalilities amounts to only 
. “5-10 kcal. Attempts to identify the source of increased thermo- 
stability by relating amino-acid sequences of the thernjophile 


GPDHs to molecular models™*? were of limited success owing 
to the difficulty of distinguishing between sequence changes that 
are due tg phylogeny from those involved in thermal stabilisa- 
tion. Perutz and Raidt*® compared the structures and sequence 
of ferredoxin from a mesophile with the sequences of the same 
enzyme from various thermophiles and found that their greater 
heat stability arises mainly from external salt bridges linking 
residues near the amino terminus to others near the carboxy 
terminus. 

Now that the three-dimensional structures of a thermophilic 
enzyme and its mesophile counterpart have been independently 
determined it is possible to search for the stereochemical basis 
of the extra thermal stability. At the level of accuracy so far 
attained for the structures, the areas of hydrocarbon surface 
forming buried contacts within the individual subunits are fot 
significantly different in the two enzymes. Changes in the 
internal hydrophobic residues between lobster and B. stearo- 
thermophilus are complementary and are accommodated without 
structural change. While the P-axis interfaces are essentially the 
same in both proteins, the hydrophobic interactions at the R- 
axis interfaces differ especially among residues 184-187, Several 
aromatic residues are in contact at the edge of this interface in 
lobster but not in B. stearothermophilus. Three tyrosines on the 
a.-helix stack with a tryptophan in the S loop of the R-axis 
related subunit, giving rise to hydrophobic interactions between 
subunits, not present in the thermophile enzyme, which would 
indicate greater stability for this region of the lobster enzyme. 
Contrary to previous speculation, we find the core of the 


thermophilic enzyme to be no more hydrophobic than that of 


the mesophilic enzyme. | 

Although there is a close correspondence between the two 
structures, a comparative enumeration of hydrogen bonds 
cannot be made accurately, as their presence can only be inferred 
from the disposition of hydrogen-bonding grofips which are 
very sensitive to detailed interpretation. ~ 

The B. stearothermophilus enzyme contains more arginines 
and two of these extra arginines form salt bridges across sub- 
unit interfaces. Arginine 194 forms a buried salt bridge with 
aspartic acid 293 from the P-axis related subunit. Due to the 
different conformation of the B-sheet in the catalytic domain 
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this particular aspartate is buried in the thermophile while it is 


accessible to solvent ut the lobster enzyme structure. This salt 
bridge would not have been predicted simply by relating the 
sequence of the thermophile enzyme to the molecular model of 


the lobster enzyme. In addition, arginine 281 of one subunit and 





, arginine 281. om the Q-axis related subunit form a double salt- 


bridge with glutamic acid 201 from both the R- and P-axis 


a 

related subunits. These jnteractions are shielded from solvent 
and bring the S loops from two subunits into contact with the 
other two subunits. Thése additional inter-subunit salt-bridges 
evidently stabilise the tetrameric structare of B. stearothermo- 
philus GPDH, but we would expect that the overall stability of a 
thermophilic multisubunit enzyme also requires stabilisation. of 

the tertiary structure of the monomer“, ‘The detailed str ural oe 
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- Fig.3 A folding diagram of one subunit of B. stearothermophilus GPDH. The nomenclature for the sheets and helices of the first domain is 


that used for lactate dehydrogenase and lobster GPDH (ref.31).The folding in the first domain (residues 0-149) is #B-a-B pattern with a central 
sheet covered on both sides by helices. Inthe second domain the extensive anti-parallel B-sheet region forms a suburtit interface with the 


equivalent region of the P-axis related subunit. The S loop (residues 
of the subunit generated by the R axis. The carboxy-terminal helix, ay, fi , 
=- closely resembles that of lobster GPDH except where there are insertions or deletions in external loop regions between segments of 


178-201) forms the intersubunit contact with the S loop and ae helix — 


fits into a groove in the first domain. The secondary structure 


secondary structure. . 
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Fig. 4 Residues involved in NAD bindingeand the two anion 
binding sites in B, stearothermophilus holo-GPDH. Residues 
leucine 187 and proline 188 from the R-axis related subunit are 
in van der Waals contact with the adenosine ribose. In lobster 
GPDH phenylalanine 34 replaces leucine 33 on one side of the 
adenine pocket: proline 188 is conserved but residue 187 is 
glycine. Asparagine 180 is replaced by alanine in the lobster 
enzyme. The anion binding sit&s are labelled Ps and Pi. 
Model building studies suggest that the site for the 3-PO, of the 
substrate is Ps; the inorganic phosphate involved in the 
phosphorylation step would be Pi (ref. 12). 


differences, particularly at the enzyme surfaces, make the 
analysis of the increased stability of the*B. stearothermophilus 
enzyme extremely complicated since the sum of a large number 
of stabilising and destabilising effects must be considered. There 
is no evidence for the involvement of bound cati8ns such as the 
calcium ions found in thermolysin**. Part of the stabilisation 
energy may be derived from surface hydrogen bonds and salt 
bridges?, but on present evidence we cannot exclude contri- 
butions from other effects. 


* 
Fig.5 The reaction mechanism of GPD (after ref. 33). After the 
enzyme (1) reacts to form a hemithiacetal (ID) a hydride. transfer 
gives an acylenzyme (HI). NADH is replaced by NAD (TV), then 
phophorolysis via the proposed transition site (V) yields product 
and free enzyme. 
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Molecular symmetry 
Folding of the main chain is very simifar in the lobster and B. 
stearothermophilus enzymes but there are differences in the 
interpretation of the molecular structures. Although the sub- 
units of the fully ligated form of GPDH from B. stearothermo- 
philus are not related by crystal symmetry, they are nevertheless 
relatedeby 222 symmetry. The positions and occupancies of five 
heavy atom sites show the 222 symmetry to be accurate. 
No structural differences between the four subunits had to be 
invoked to fit them to the four independently determined 
electron density images. p 

An averaged electron density map was not used for inter- 
pretation. Starting from a map based on isomorphous replace- 
ment with two derivatives, the non-crystallographic symmetry 
was incorporated to improve the phase angles by the method of 
Bricogne®*, After two cycles of this procedure a final map was 
calculated with the observed structufe amplitudes and the phases 
from the final phase recombination’. The map obtained by this 
procedure is much better than it would have been after averag- 
ing, which,reduces the noise level but also smears out detail, 
especially of side chains. The advantage of phase combination 
over averaging has also been demonstrated for hexokinase*. 

This technique improves primarily those phase angles which 
are poorly determined by isomorphous replacement, but it is 
valid only if the molecular symmetry is accurate. For reflections 
with a figure of merit, m>0.7 from isomorphous replacement 
(56% of the total), the average phase change after incorporation 
of molecular symmetry was only 20°. In contrast, the standard 
error in phase angle expected for m = 0.8 is 37°, which shows 
that the phases from isomorphous replacement are consistent 
with accurate molecular symmetry. 

Moras et al.*? averaged their map of lobster GPDH about the 
Q dyad and interpreted the map in terms of a non-symmetrical 
molecule, concluding that NAD is bound differently to different 
subunits.eThey have advanced this asymmetry as a partial expla- 
nation’ qf the negative cooperativity of NAD binding. In their 
interpretation the adenine ring of NAD of one subunit is rotated 
by 180° relative to that of the R-axis related subunit, and the 
interaction of the adenine ribose with the protein is different in 
the two subunits. They also suggest that cysteine 149°in one 
subunit is more closely associated with the nicotinamide ring 
and, in the R-axis related subunit, more closely with histidine 
176. Other differences between the S loops of symmetry related 
subunits are also noted. 

In B. stearothermophilus GPDH the conformation of the 
NAD molecule is the same in all four subunits. The four NAD 
binding sites are equivalent. The sulphydryl of cysteine 149 lies 
halfway between the nicotinamide ring and histidine 176 in all 
four subunits, and there is no density connecting cysteine 149 
and the nicotinamide. Histidine 176 is probably hydrogen 
bonded to threonine 174, although tyrosine 311 is close by, and 
the orientation of the histidine ring is the same in all subunits. 
The anion binding sites are also present in all four subunits. 
None of the asymmetry of subunit structure described for lobster 
GPDH has been found. In view of the functional and structural 
similarities of the two holoenzymes it is unlikely that one is 
symmetric ang the other not. | 


NAD-dependent structural changes 


Symmetry of the enzyme is maintained either in saturating 
concentrations of NAD, or in the absence of NAD. In crystals 
grown in lower concentrations of NAD, or soaked in NAD-free 
mother liquor, 0.5-1.5 moles of NAD are lost and structural 
changes in the protein appear in difference maps against holo- 
GPDH (ref. 48). The largest changes occur irn the nucleotide 
binding domain of the subunit which has lost its NAD. The 
conformation of this domain changes towards that observed in a 
6-A map of apo-GPDH (ref. 47). 

The large movement of thé coenzyme-binding domain on loss 
of NAD to form apo-GPDH gives rise to an expansion of the 
molecule. An increase in molecular volume upon loss of NAD 


ese 
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has also been detected by sedimentation equilibrium studies*®™, 


and by small-angle X*ray scattering®!:®?, 


The negative cooperativity of NAD binding could be the 
result of a change in packing of parts of the protein chain, 
especially of the residues in the S-loop. In holo-GPDH this 
segment of 20 residues is devoid of secondary structure and 
most of its main chain is inaccessible to solvent. Expansion of 
the molecule in apo-GPDH opens this region and might make 
the S-loop more flexible. The following chemical evidence 


_ supports this. If muscle apo-GPDH is acylated, and then 
incubated at pH 8.5, the acyl group is transferred specifically 
from cysteine 149 to N€ of lysine 183 (refs. 26, 27). (Residue 183 
48 arginine in the bacterial enzyme, but the position of the 
“arginine side chain is the same as that of the lysine 183 in lobster 


GPDH.) In holo-GPDH this transfer does not happen because 
the N€ is 10 A from the sulphydry! of cysteine 149. The occur- 
rence of the reaction. intapo-GPDH only, is indicative of the 
greater flexibility of the S-loop. 

The S-loop has ‘many of the properties expected of a structure 
which transmits a structural change from one subunit to-another 
in a cooperative system, It interacts with two adjacent subunits 
(including a direct coenzyme contact), it is shielded from solvent 
at least in holo-GPDH and lacks strong secondary and tertiary 
interactions. In addition, there is evidence that its structure in 
the apoenzyme is quite different from that in the holoenzyme. 

We acknowledge the contribution made by Dr K. Suzuki in 
the early stages of this work, and thank Dr D. M. Blow for 
encouragement and Dr M. F. Perutz for helpful comments. 
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A better way of searching 
for black-hole explosions? 


Brack holes of < 10 g evaporate in ~ 10™ yr, and eventually 
annihiliate into a burst of energetic photons and. particles'. To 
test this theoretical prediction would be extraordinarily significant 
for quantum and gravitational physics. There could be ~ 1023 
‘miniholes’ within our Galaxy?~*; on the other hand, there may 
not be any at all. But even if they exist in profusion, how best 
could we detect black-hole explosions? Attention has been 
focused on the problem of directly detecting the y rays, but the 
prospects seem bleak’. The possibility that the particles ejected 
in the explosion may generate conspicuous effects has hitherto 
been overigoked. I argue here that collective interaction of 
electrons and positrons with an ambient interstellar magnetic 
field can (on some specific assumptions) generate radio bursts 
powerful enough to be detected from anywhere in our Galaxy, 
or even beyond. This opens up a more promising perspective on 
the search. | 

A conducting sphere, expanding into a uniform magnetic field, 
will develop surface currents which prevent the field from 


penetrating it. If the shell expands relativistically, with constant 
Lorentz factor y > 1, out to a radius r,,,,, then the work done 
against the field is 


» ~ y* (energy of swept-up field) di) 


(Note the factor y*, which occurs just as it would if the sphere 
were reflecting. electromagnetic radiation.) A distant observer 
would see the part of the shell moving at angles < y~ to the 
line of sight blue-shifted by ~ y; he sees a surface current on 
this part of the shell increasing « t? for a time ~ rma,/ey*. The 
energy (1) therefore appears as an electromagnetic pulse with 


characteristic wavelength 


A S Transl"? 7 (2) 


We now investigate how this classical electromagnetic 
phenomenon might apply to the type of ‘fireball’ resulting from 
an exploding black Role. 

Suppose that, when the mass of an evaporating minihole has 
fallgn to Mns g, it vomits forth its remaining energy in an 


¢ 
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essentially instantaneous burst of ~ 40"! Men erg. In the 
Hagedorn theory, Mente ~ 10% g; but, on other theories of 
elementary particles it would be ower. Very near the hole, the 
energy would be distributed between a variety of exotic species; 
but we assume that these quickly decay, and that, by the time 
the ejecta have expandeð to macroscopic radii, a substantial 
fraction (say ~ 50%) of the energy is in a ‘fireball’ of electron- 
positron pairs’. From the theoretical relation between tempera- 
ture and mass, we expect this fireball to expand with 
Yr = (Meng 2 X 10% g)™. 

For illustrative purposes, we consider fireballs with energy 
€r ~ 10°” y;,™t erg in electron—positron pairs. The number of 
pairs is then Nr ~ 104% y,7* 

We must then address these questions: 

(i) How large a radius can the fireball attain before the energy 
in the swept-up field decelerates it? 

(ii) To what extent is it a good enough conductor to sweep up 
the field ? 

(iii) Would the fireball be braked by sweeping up external plasma 
as well as magnetic flux? 

Suppose that the uniform external magnetic field is B ~ 
5x 10-* b G (where b would be ~ 1 for a typical interstellar 
field with energy density ~ 107"! erg cm~°). If the fireball 
behaved as a perfect conductor, it would be significantly braktd 
when it had swept up a magnetic field energy of ~ &,/y*,. Thus 
we have, on energetic grounds, an upper limit to r of 


Ton = (10*$/Y:)b 7" cm (3) 

Quite apart from this limit, the fireball cannot behave like a 

perfect conductor and expel the magnetic field (without being 

decelerated) unless the charge density is sufficient to carry the 

currents. This requires a surface density ~ 10°yr b charges per 

cm?, The conductivity condition thus breaks down at a radius 
Toons Where N;/2nr? falls to this value. One finds 


Peona = (4X 10'9/y;3")b-" cm (4) 


The appropriate value of rmx to use if (1) and (2) is the 
smaller of rea and reona. For Ye < 10’, Fona exceeds ren (that is, 
the conductivity is good at all relevant times); so a fraction ~ 1 
of the total fireball energy then emerges as electromdgnetic waves 
of characteristic wavelength % ~ r.,/yr?. This means that, for 
yr = 105, ~ 10°? erg emerges at A > 10b cm; and for 
Yr =~ 107, ~ 107° erg emerges at ~ 104 b-t 

Such a radio burst would be readily detectable anywhere in 
our Galaxy, or even beyond®’, and the optical flash from a 

~ 10° fireball could be detected > 1 kpc away (J. V. Jelley 
a al., to be published). We’ must, however, check the validity 
of our assumption (question (iii) above) that the fireball ıs 
not braked by external plasma before attaining a radius ren. 
External particles can be swept up, yielding a relativistic 
blast wave, only if the gyroradius of a particle with Lorentz 
factor yr in a field yr Bis < r/yr. This requires 


r > 4x10 b yr ° (5) 


In the cases y; ~ 10° and 10’ cited above, rmax (= Fen) does not 
satisfy (5) for b < 1, so we are justified in assuming that the 
fireball transfers “its momentum to the field rather than the 
ambient particles. (Arguments analogous to those used in 
deriving (4) and (5) show that the weak steady efflux preceding 
the final explosion cannot create a field-free heliosphere-type 
cavity around a minihole. This vindicates our assumption that 
the fireball impacts directly on to a typical ambient magnetic 
field). 

In the ‘extreme Hagedorp’ case (yr ~ 300), where the earlier 
argument would have yielded a strong ultra-low-frequency 
pulse that in any case would not propagate freely, (5) is fulfilled, 
so we would expect a relativistic blast Wave with a swept-up 
shell. There is then no chance of getting efficient coherent 
radiation, the energy going instead into random relatjvistic 
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particle motions. The field strength in the shell would be 
~ 5x107? b G, and relativistic electron$ with yr ~ 300 would 
lose only 10~?° of their kinetic energy while the shell expanded. 
If a Hagedorn-type explosion occurred on a timescale Ar 
sudden enough to cause a coherent radio pulse, then most of 
the pairs would in any case have annihilated into photons. 
(The expansion timescale, in the comoving frame, when the 
fireball temperature falls to ~ 0.5 MeV is œ y: TYAN“, and 
our assumption that there is no time for annihilation to occur 
is self-consistent for yr > 10°.) 

It is thus the case yr> 10° which—even though it entails a 
lower ¢;-—offers the greatest promise of radio (or optical) 
detection. The pulse-production mechanism requires that the 
final outburst be ‘instantaneous’ in the sense that its timescale 
is S A/c. This requirement is perhaps not met by quark theories, 
unless a lot of extra species occur above some energy > 100 
GeV. Because of this sensitivity to thetuncertain particle physics, 
the absence of frequent strong radio pulses reaching the Earth 
cannot be used to improve the present upper limits on the 
number of miniholes in the Galaxy? =, On the other hand, 
linearly polarised radio-frequency pulses (rather than y-ray 
pulses) may well be much the most conspicuous manifestations 
of black-hole explosions, because radio techniques are exceed- 
ingly sensitive’. To dramatise the potential advantage, the 
y rays from a fireball with yr ~ 10° would only be registered by 
a detector of effective area 100 cm? if the event occurred within 
10-* pc; but even a crude non-directional antenna would detect 
the corresponding radio pulse at distances ~ 10° pc. And an 
Arecibo-type telescope could detect such pulses—each triggered 
by a single entity of subnuclear size—from as far away as the 
Andromeda galaxy! 

I thank Bernard Carr, Stephen Hawking, John Jelley, 
Don Page and David Wilson for helpful comments. 
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Is Cas A illuminated by a binary system? 

I REPORT here indications that the supernova remnant Cas A 
(and probably many others) contains a neutron star at its 
centre, in close orbit around a ‘normal’ star. The indications 
are of three types: of evolutionary, statistical and indirect 
character, arguing that the high observed magnetic field 
strengths and the steepening synchrotron spectrum cannot be 
explained by stochastic processes. 

Supernova explosions are commonly believed to derive 
their energy from the collapse of the (degenerate) core of a 
formerly massive late star. The conversion of gravitational 
energy into the kinetic energy of radial motion could be 
achieved through a magneticspring!~* rather thana combination 
of neutrino‘ and thermal pressures. The mass of the collapsing 
core is expected to be near the Chandrasekhar mass (#1.4Mo), 
because this is the minimum mass for gravitational instability 
according to stellar evolution theory, and because all the 
overlying material is ejected by the action of the magnetic 
spring. The core thus turns into a stable neutron star. Mass 
determinations® of neutron stars in binary systems confirm this 
picture, which might apply to supernovae of all types (I, II,...), 
their differences being due to the density of the surrounding 
medium which controls the mass in the envelope. 
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Most if not all of the massive progenitor stars of supernovae 
occur in binary (or muftiple) associations. During the explosion, 
a binary system gets disrupted if the ejected mass is bigger than 
the remaining mass, which can happen in the first or, more 
likely, in the second event. If in the first event, we obtain 
(eventually) two pulsars; if in the second, mass flow from the 
normal star to the neutron star can give rise to a temporary 
X-ray source, and eventually to one or two pulsars (depending 
on the spin rate of the first neutron star). The measured 
peculiar velocities? of 12 pulsars suggest that several of them 
received two kitks in the past, and hence result from binary 
systems containing a neutron star. 

We therefore expect a large number of supernova explosions 


to leave a binary neutron star at their centre. What will such 


a system look like? The young neutron star should act as a 
strong pulsar, with a relativistic wind of power L = 10% ergs ~ 
Qi, (modelled after the Crab). A fraction of this power will 
heat the atmosphere of the companion star until enough 
plasma is evaporated for the formation of a common envelope. 
The time scale ¢ for evaporating a small fraction a, of the 
companion star’s mass M is of the order (i ignoring reradiation) 
t = aGM*a?/R3L a 30va_,a%, 
where a is binary separation and R the stellar radius. For close 
binaries, a small evaporated mass fraction a shquld be sufficient 
to build up an atmospheric pressure which overcomes the 
pulsar wind pressure, first at mid-separation, and later at all 
distances outside a small cavity around the neutron star, so 
that a common envelope forms, and the pulsar is quenched. 
Instead of driving a relativistic wind, the rotating magnetised 
neutron star will henceforth accelerate the wind plasma of the 
companion star which impinges on its magnetosphere (through 
magnetospheric friction), and produce cosmic rays’. It will 
no longer act as a pulsar. Cyg X-3 could be a system in transi- 
tion between the pulsar stage and the cosmic-ray stages whereas 
Cas A is suggested to have reached the latter. s . 

To obtain an independent estimate of the duration t of the 
pulsar stage, and to assure consistency of the whole model, 
we gonsider statistics. The present birth rate of supernovae 
in the Galaxy has been estimated” to lie between 10-! and 1072 
yr~', Allowing for an enhanced activity throughout an early 
phase of the Galaxy, the total number of supernova explosions 
since formation shoul be 10° to 210°. Unless neutron stars 
can be formed in a peaceful way* 10. —which ts not very likely 
even when magnetic fields are ignored—this number must 
tot be smaller than the total number of neutron stars in the 
Galaxy. Neutron stars occur singly, as pulsars, and in binaries, 
visible during the X-ray stage. Extrapolation of the known 
data! ~! on pulsars leads to a present total number between 
10* and 7 x 10°, depending on the distance scale, and upon the 
amount of beaming into a reduced spherical angle. Pulsar life- 
times peak near 3x 10° yr so that there should be (at least) 
a total of 2x 10’ to 2 x 10° single neutron stars (= dead or alive 
pulsars) in the Galaxy. (Single neutron stars ejected as slow 
rotators from binary systems are not included.) This suggests 
a one-to-one correspondence between supernova explosions, 
and neutron star formations; Cas A may not form an excep- 
tion. 

Next, a single pulsar has not been seen in orbit around a 
normal star, although there should be over 10! such 
systems in the Galaxy (inferred from the number of X-ray 
sources, or from the number of pulsars.) This implies that 
the pulsar stage ¢ must be < 10t times shorter than the 
lifetime of a massive star, that is, shorter than some 5x 102 yr. 

Cas A has an estimated age!® of 3x 10? yr, and a radius of 
5 light yr. It does not contain a pulsar: even if the pulses were 
beamed away from us, we should see strong optical emission 
from the inner edge of the nebula, like the wisps in the Crab, 
or at least a strong compact X-ray source. Also, pulsar peculiar 
velocities’ are rarely higher than 10~* c so that a pulsar could 
not have escaped from the nebula. For these reasons, Cas A 
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has been held to be a jemnant without a central source, and 
has been treated'* as a hot cloud expanding due to a powerful 
explosion in the past.” Such a detonation wave becomes un- 
stable, near its outer edge, towards ‘convective motion and 
mixing with the interstellar plasma. From his numerical 
models, Gull’? estimates a conversion of 2 or 3% of the total | 
expansion energy into convection, which is held respo! À 
for driving a dynamo that enlarges the interstellar magnetic 4 
field by a factor of ® 10%, to arrive at the inferred equipartition — 
field strength of 5x 10~*G in the outer parts of the remnant. 
In most of the compact knots, the minimum magnetic field 
inferred from the radio synchrotron brightness is as high as 
3x 10-3 G: The radio intensity decreases with time, by roughly 

1% per yr, but at a higher rate (1.3%) at 85 MHz than at 14 
GHz (0.9%). Moreover, there is a soft X-ray luminosity of 
3x 10% ergs“, 

The difficulty faced by this model is the large observed 
magnetic field, which would require (many) more than seven 
turns to be performed by the interstellar material; even if 
there is enough energy available, a dynamo cannot“do better 
than double the seed field during each turnover. With the 
observed convective velocities < 10-* c (ref. 18), such a 
dynamo cannot reach scales beyond 107? light yr. Similar 
défficulties arise for the radiating electrons whose synchrotron 
lifetimes are shorter, at energies above 102 GeV, than the life- 
time of the remnant, and also much shorter than the replenish- 
ment timescale for Fermi acceleration”, 

These difficulties disappear if we assume the existence of a 
neutron star inside thg remnant. This neutron star would 
have acted as a pulsar for an initial period of the order of some 
10? yr, during which its extremely relativistic wind injects both 
electrons and magnetic flux into the suptrnova shell®°. When 
overtaking trailing filaments (protostellar condensations), the 
frozen-in magnetic field gets hooked up, and forms the mag- 
netic knots—which I interpret as filaments seen edge on. 
(Such knots do not occur in the Crab nebula, whose symmetry 
axis is nearly normal to the line-of-sight). For the same reason, 
the field line geometry between knots is near-radial. 

The main reasons against an empty interior of Cas A are 
therefore, in decreasing order of cogency: (1) The finite scale, 
strong magnetic fields are difficult to explain, because a dynamo 
needs time;eand relativistic particles are difficult to produce 
by the more or less ordered (radial) motion of a detonation 
wave. (2) If the majority of supernova explosions did not 
result in the birth of a neutron star, we might see more pulsars 
than have been (violently) born. (3) There is a trend both in 
late stellar evolution theory, and in astration theory?! towards 
assigning an increasingly large probability to neutron Star 
formation in supernova explosions. 

l thank E. van den Heuvel for an illuminating correspondence, 
E. Krotscheck for discussions. 
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Dirac-Fock one-eentre- 
calculations show (114)H, to resemble PbH, 


RELATIVisTic effects have a considerable influence on the 
chemical behaviour of the heavier elements. Our Dirac--Fock 
one-centre expansion calculations? indjcate that the X-H 
bond lengths, Re, suffer a relativistic contraction of about 5 pa 
for PbH, (ref. 1) or AuH (ref. 2) and 7% for TIH (ref. 3). If 
the relativistic effects are included, however, these R, values 
mostly agree with experiment to within 2-3%. Relativistic 
effects also seem to be the main cause of the chemical difference 
between silver and gold? and, possibly, of the dominant mono- 
valency of thallium’. A relativistic treatment becomes im- 
perative to predict the chemical behaviour of the superheavy 
elements. Following evidence for primordial superheavy 
elements’, we present here results for the tetrahydride of the 
element e114 or eka-lead. We believe that such a calculation 
gives a reasonable estimate for the covalent radius of this ele- 
ment. Although the dominant valancy of 114 is expected to be 2, 
some tetravalent compounds are also expected to be stable’. 
As the latter valency is more convenient for calculations, having 
closed shells, we here consider (1 14)H,. 

Our approach here is as in ref. 1. No symmetry functions were 
used. A finite, homogeneously charged nugeus with 4 = 298 
was assumed. The total energy, Ey, was calculated at five 
internuclear distances and the results were fitted into a third 
degree polynomial. The results are? shown in Table 1, Er 
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Table Calculated restilts for (114)H, 


panpaman anir A rA aaaea aeaaaee rae AAA 


3.376 AU = 1.787 Å 


Bond length Re 
Total energy Er (Re) —49712.76 AU 
Force constant k 0.57 AU 
Orbital energies e* 
7Psr2 —~9.25712 AU 
7 Dan —0.43640 
7 Saze . -0.80274 
6 dsg — 0.77015 
6daz -0.93950 


samnananaanaaannaana a 
o 
| *At R = 3.4 AU 


variation in Fig. 1, and orbital energies in Fig. 2. The most 
striking aspect of the Fig. 2 is that the 6 ds; shell is slightly 
above the 7s. Therefore, a strong participation in chemical 
bonding is expected from the 6 ds; and 6 d4,2 shells. Similarly, a 
strong participation of the 5d orbitals is suspected for AuH 
(ref. 2). The present values’ of Re and ky, 3.376 and 0.57 AU, 
respectively, are closely similar to those obtained! for PbH, 
using the same approximations, or 3.395 and 0.55 AU, res- 
pectively. The experimental k, for both PbH(CH,), and 
PbH.(CH,), is 0.445 AU (ref. 9). 

The covalent radii for elements C to Pb (ref. 6) are listed in 
the first column of Table 2. Combining them with the experi- 
mental R, values in the second column, we find a cpvalent radius 
of 0.31 A for hydrogen. Subtracting this value from the present 
theoretical R, of 1.787 A we find a covalent radius of 1.48 A 
for quadrivalent (114). The difference of 0.04 A between the 
Reo, for Pb and 114 includes the experimental error for PbH,. 
The theoretical Re differs by 0.01 A. 

As the effects of increasing atomic number, Z, on the bond 
Jength are quite different for Groups IB (Au), HIA (TI) and 
IVA (Pb), it is interesting to discuss these differences in terms of 
the electron configurations. Group IB has an s? valence con- 
figuration which is also the dominant component of the bonding 
molecular orbital in AuH. As this atomic orbital contracts 
strongly®, due to relativistic efigcts,.the experimental Re for 
AuH is 0.09 A shorter than that for AgH. For Group HIA the 
valence configuration is p!. According tô the model in ref. 3, a 
transition from po bonding to py. bonding takes place when 
going from InH to TIH. Therefore*the lost directional chgracter 
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Fig. 1 Molecwlar total energy as a function of bond length. The 
curve is the fitted third degree polynomial, 


makes the chemical bond of TIH weaker. Although the p,,, 
shell itself contracts, the sum of the two effects makes the R. for 
TIH 0.02A larger than for InH. For the tetrahydrides of 
Group IVA, the pa and pi shells are filled. The average orbital 
energy (Enp Enpy/2)/3 depends only slightly on Z (Fig. 2). 
The theoretical R, values increase by 0.03 A from SnH, to PbH, 
and decrease by 0.01 A from PbH, to (114)H,. No evident 
interpretation can be given for these small changes. 

“We give here the first calculation of a bond length for a 
superheavy element. The result for the covalent radius of 114 is 
about 1.48 A. Assuming also for metallic 114 the same crystal 
structure and lattice parameter as for Pb, the assumed atomic 
weight of 298 would lead to a density of 16.3 gcm~? for the metal 
114. The general chemical conclusion is that the covalent radii 
of 114 and its neighbours are expected to be comparable with, 
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Fig. 2 Orbital energy diagrams for the free atoms of lead and the 
element 114 (from ref. 5) and for the molecules PbH, (from ref. 1, 
R = 3.50) and (114) Hi (present work, R = 3.40). 
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Table 2 Covalent radii R.oy (A) for the tetravalent elements C to (114), 
measured X-H distances, Ry exp, for the compounds XH,, and the 
corresponding distances, Re,cares calculated using Roy. 





Element Rs Recepee Re cate 
Cc 0.77* 1.093 1.08 
Si . tT" 1.480 1.48 
Ge 22% 1.527 1,53 
Sn 1 .40* 1.701 1.71 
Pb {.44* (1.7548 1.75 
14 1.48F ee 
+ 
*From ref. 6. ý 


+Present work. 
tFrom ref. 8. 


§Deduced from Re (PbH,) = Re (POH) =- Re (SnH,)— Re (SnH). 


or slightly shorter than those of lead and its neighbours. The 
same is true of the forceeconstants. Unfortunately, we cannot 
draw conclusions about the chemical stabilities as it is known 
that, for example, PbH has nearly the same R, and k, as SnH 
but only one half of the dissociation energy”. A 
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A melting criterion based on 
the dilatation dependence of shear moduli 


THE elastic instability theory of melting, proposed by Max 
Born’, held that melting in a crystalline material occurs when 
ene of the elastic shear moduli vanishes, so that the material 
can no longer sustain an infinitesimal shear stress without 
flowing. This explains the fluidity of a melt, but fails to account 
for several other important characteristics of melting. Melting 
is a transition between two independent phases, while Born’s 
theory is a single-phase theory which contains no distinct 
description of the melt, and thus fails to account for the 
discontinuous, first order character of melting. Because it ts an 
essentially homogeneous theory, it does not explain the 
occurrence of superheating, the metastability of the melt, and 
the heterogeneous nucleation and growth features of the melting 
process. Also, subsequent observations of* elastic moduli 
showed that none of the shear moduli is zero or near zero in the 
solid at the melting point. Because of these defects Born’s 
instability theory currently enjoys little credibility. We believe, 
however, that correct application of Born’s hypothesis leads 
to a simple modification of his initial criterion for melting 
which satisfies all the requirements of a physically realistic 
theory of melting. We show here that the hypothesis does 
predict a first-order transition between two phases and that the 
transition has a nucleation barrier, thus dismissing some of the 
physical objections to the hypothesis. Moreover, the hypothesis 
applies in the alkali halides, in that in each case one of the shear 
moduli falls continuously to zero through the melting expansion. 

Suppose that one of the elastic shear moduli, u, decreases 
monotonically with temperature increase, and that at some 
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critical temperature the shear modulus vanfshes or becomes 
sufficiently small that®*shear flow could occur by thermal 
activation. The consequent fluidity which allows each atom 
access to the entire fluid volume will cause an increase in 
entropy, due to the communal entropy, which in the case of the 
alkali halides equals 2R. The onset of fluidity thus results in a 
decrease in free energy by 2RT. In the'virtual process of tracing 
back along the shear modulus curve, initially increasing the 

free energy by losing the communal entropy but progressive ly | 
decreasing the elastic internal energy, a point can be located, at 





which the free energy of the solid equals the free energy of the — 


virtual solid that has a vanishing shear modulus. (The elastic. 
internal energy will be decreased by > 2RT, as the virtual process- 
results in an additional decrease in vibrational entropy.) 
Thermodynamically, it is possible for the solid-at the point:-thus 
located to transform isothermally to the vanishing shear- 
modulus state. This is the melting point, and the transition will 
be discontinuous with an accompanying heat. absorbtion. We 
therefore suggest that Born’s melting criterion that. melting 
occurs when the shear modulus of the solid vanishes, should be- 
replaced by the following: melting occurs when a solid can 
transfornr isothermally to a,state of zero shear modulus. The 
modified theory becomes a two-phase theory in that the solid | 
at the melting point is described as solid at dilatation 5,,*° while 
the melt at the melting point is described as virtual solid with 
properties evaluated at 6 = 6,,'. Moreover, there is a nucleation 
barrier to melting equal to the communal entropy, and conse- 
quently the heterogeneous character of melting is also implicated 
by the hypothesis. 

The behaviour of the Alkali halides agrees with our proposal. 
Fig. | shows a plot of shear modulus, (cj, — cig) for the 





Fig. 1 The shear moduli Heitia) for some rock ë ak. 
Hog and cs, for CsBr and Cst as functions of. dilatation, ~~ 
“AVIV ee tu; @, NaF; ©, NaCl; A, KCl; A; KBr; 7 
: KI; y , Rbi; ©. CsBr; w, Csi o 2 
rock salt alkali halides, and c,, for CsBr and Csi as a function 
not of temperature, but of dilatation, that is, the relative 
increase in volume AV/V from room temperature to the 
temperature and phase of mterest. Our data are obtained from 
refs 2-5. The last point in the close succession of points on the 
low dilatation side is the shear modulus at the dilatation, 
ôm of the solid close to the melting point, while the isolated 
points for each curve are for p = 0 at the dilatation, 6,,' of the 
liquid at the melting point. Although the shear modulus and the 
dilatation are both discontinuous with respect to temperature 
at the melting point, the points for the melt in Fig. 1 lie on the 
extrapolated curves for the solid,,and consequently the shear 
modulus seems to be a continuous function of dilatation 
through the melting expansion and falls to zero at the dilatation 
of the melt. Born’s melting hypothesis as modified above thus 
seems to apply for the alkali halides. 
e 
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A fuller account of our work and evigence for the continuity 
of the bulk modulus with respect to dilatation through the 
melting expansion are presented elsewhére®’. | 

+ * 
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transfer in polymers 
Yue study of intra- and intermolecular transfer of enerey 
by non-radiative processes is important in developing an 
understanding of such phenomena as photosynthesis and 
photo-stabilisation of polymers. Several teories have been 
proposed, notable among which is the dipole-dipole 
mechanism due to Förster’ and Gajanin’. Apart from the 
dependence on distance separating donor and acceptor, the 
probability of transfer is related to the angle between donor 
and acceptor mom€nts. For this reason measurements of 
fluorescence depolarisation can be used to estimate the 
efficiency of transfer from donor to acceptor. Macromole- 
cules provide interesting potential for studying intra- as well 
as intermolecular non-radiative transfer, Thus chromo- 
phore-bearing polymers such as polystyrene allow the pos- 
sibility of excitation at one part of the molecule, transfer 
along the chain from ‘one phenyl unit to another until an 
energy trap, an excimer site, is reached whereupon the 
energy is emitted as a photon. The principal emission 
observed from polystyrene at room temperature is that 
from excimer. We wish to make a preliminary report on 
some studies we have made on fluorescence depolarisation 
using a styrene-phenyl acetylene copolymer as donor, and 
perylene as acceptor. 

The donor-acceptor pair were cast in poly(methyl 
methacrylate) films. This copolymer has polyene groups 
along the main chain as Well as the pendant phenyl units. 
It has a much stronger emission spectrum than polystyrene 
and is thus more suitable for using in energy transfer 
studies. The results shown in Table 1 indicate that energy 
is being transferred from donor to acceptor, at the highest 
concentration of acceptor transfer is almost complete. At 
this level of concentration of acceptor the process of 
transfer is long range and the mechanism must be by dipole- 
dipole interaction. Applying Förster theory’ to the data 
yields an Re value of 78 nm indicating coupling over rela- 
tively long donor-acceptor distagces. Column 2 of Table 1 
shows that as the efficiency of transfer increases, the extent 
of depolarisation of the emission from the acceptor also 
increases, in accord with the predictions of Forster’s theory. 
It is also worth noting that intermolecular energy transfer 
is occurring involving perylene molecules only (column 4). 
However, the emission from the macromolecular donor 
shows no depolarisation which suggests that neither inter- 
or intramolecular non-radiative energy transfer is taking 
place. . E ; 

We also measured the depolarisation of the excimer 
emission of several samples of pure polystyrene films cast 
from methylene dichloride solutions and obtained a value 
of 1.3 Ae = 264 nm, Aen 320 nnt). The instrument used to 
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Table 1 Depolarisation of styrene/pheny! acetylene copolymer 
(donor) and perylene (acceptor), suspende@ in poly(methyl meth- 


acrylate) 
tS a a lal el teen eet 
Acceptor Efficiency of 
concentration transfer from Depolar- Depolar- Depolar- 
(M) donor to acceptor isation (1) isation (2) isation (3) 
Oe -< = — 1.8 
0.55 x 1073 0.40 6.8 3.2 1.7 
1.46 x 107 0.59 10.3 3.4 1.6 
3.65 x 1073 0.73 16.0 4.7 1.5 
7.30 x 107% 0.81 22.17 5.8 1.9 
18.30 x 107% 0.99 23,0 10.5 1.9 


The donor contained approximately 20% (by weight) of phenyl 
acetylene, and its concentration was constant at 107M. 
I vyt GI vH 


Depolarisation (P) was measured using the equation? P = "2 
diyy —Givu 


make the measurements was a Perkin Elmer MPF2, using 
the polarisation accessories provided by the makers. The 
value obtained for fluorescein was in agreement with the 
literature value. 

The results for the polymers have two possible interpre- 
tations: either (1) intramolecular energy transfer for these 
polymers does not occur to any significant extent by the 
dipole-dipole mechanism afd therefore the currently held 
theory. of energy migrating along the polymer chain into 
traps is incorrect, or (2) the probability of transfer does not 
decrease as cos’ (the angle between moments) but at some 
higher power. The data presented in Table 1 show that 
intermolecular transfer is occurring for perylene and con- 
seguently, the cos’ relationship holds. 

We conclude that energy transfer along polymer chains 
does not take place by the Férster-type non-radiative mech- 
anism. Further. experiments are being carried out to 
attempt to elucidate the mechanism of intramolécular 
transfer for polymers. 
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Large ground deformation 

on Mount Etna volcano 

AN Il-km traverse of benchmarks for precise levelling 
across the summit of Mount Etna was established and 
levelled in July 1975. The traverse runs from a reference 
benchmark near the Piccolo Rifugio (about 2515 m az.s.1) 
in the south, across the summit cone (highest station about 
3210m asl.) and down to the rim of the Cratere Ellittico 
Caldera near Pizza Deneri (about 2780m a.s.) (Fig. 1). 
The traverse is re-occupied about twice a year to monitor 
vertical ground movements associated with volcanic activity, 
the method being similar to that used on Kilahea Volcano, 
Hawaii’. A Zeiss Ni2 self-levelling level with micrometer 
and 3-m invar staff are used and precise levelling techniques 
adopted where possible. (Previous precise levelling on Etna’ 
was restricted to dry tilt stations at three localities.) Closures 
on 4-km traverses are better than first order accuracy. Re- 
levelling has so far been carried out in May 1976 and 
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Fig. 1 Map of Mt Etna summit, showing the activity 1974~76, 

and the location of the levelling traverse. A, Principal benchmark; 

à., principal benchmark destroyed by lavas of September to 

November 1975: ©. approximate centre of quiet emission of 
lava: arrows show directions of lava flows. 


September 1976, and takes about 6d for the complete 
traverse. We report here the results of this repeated precise 
levelling, which show that an area at l@ast 2km across 
subsided >I m between July 1975 and September 1976. This 
could indicate high-level removal of magma, or incipient 
caldera collapse. 

After being dormant for 34 yr following the 1971 eruption, 
the North-east Crater started activity again on 28 September 
1974, with strombolian activity quickly followed by lava 
eruption. This activity ceased on 23-24 February 1975, when 
lava begaf erupting from new boccas 2 km to the north at 
about 2,500 m a „S.d. (Fig. 1). The rate of eruption was mea- 
sured up to 1.5 m”s`° during this phase of eruption, which 
lasted until 12 September. During the first occupation of 
the traverse (30 July-S August 1975) lava was still coming 
out intermittently at this site, occasionally ceasing for a 
few days, when minor strombolian activity and internal 
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collapse occurred at the North-east Cratef?. This alternation 
between emission of ¢ava on the north flank and activity at 
the North-east Crater continued until 12 September, when 
north flank effusion stopped, and lava accompanied by 
strombolian activity erupted “from the North-east C rater and 
began new flows down the northern slopes. These buried. 
>] km of the northern jeep track, and destroyed 14. of 
our benchmarks. Rates of eruption of 0.9 m’ s™ were mea- 
sured. This activyy stopped on 28 November 1975, and- 
on 29 November a new fissure opened 450m ENE of 
Punta Lucia (altitude ~2900 m a.s.l.), with eruption of lava 
and violent strombolian activity, which rapidly built. up a 
cone about 40m high. In early 1976, a collapse pit about 
120x70m formed on the west flank of the North-east 
Crater, accompanied by considerable emission of ash and- 
the onset of intense sulphur-bearing fumarolic activity. | 

At the time of the second occupation of the traverse, — 
20-26 May 1976, activity near Punta Lucia’ continued with- 
intermittent weak strombolian activity in the cone and 
emission of lava at a rate of 1-3 m° s”, Three weeks after 
the leveling on 17 June, a new eae vent opened on the 
north-west flank of the North-east Crater, and strombolian © 
activity ensued, which, assisted by some collapse; produced _ 
g crater about 80m wide. Strombolian activity continued. 
until 20 August, interspersed with a 3-week period of high- l 
pressure gas emission in late July. Quiet efusion of lava 
near the Punta,Lucia vent followed, but by the time the 
traverse was levelled for the third time (16-21 September 
1976) large flows were emerging at a fairly high rate G- 
4m’s') much furthtr down the northern side, >3 km . 
north of the summit at an altitude of about 2,300-2,400 m. 

In May 1976, unusually late snowdrifts prevented Te- 
levelling of the northerh half of the traverse, apart from: 
the final 500 m. Vertical movements in this and the south- 
ern section proved small, but two isolated benchmarks 40 m` 
apart protruding above the snow 300m west of the North- 
east Crater were re-levelled, and gave 3.5cm of relative 
downward movement towards the north-east. 

In September 1976, new benchmarks were set up on the 
September-November 1975 lava, so that the whole traverse 
could be re-levelled. Changes in altitude since May 1976 
were agaig small in the southern section, ~ 1.3m being 
the largest movement; but in the northern section, inacces- 
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Fig. 2 Map showing relative changes in altitude (cm) of bench- 
marks between JuPy 1975 and PAR 1976. — ~~~, Inferred 
10-cm contours of altitude change. +, The presumed centre 
of collapse. 
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sible in May, the changes since July 1975 are very large. 
They indicate collapse of an area >2km wide, from just 
north-east of the Central Crater in the south, to just south 
of the Cratere Ellittico in the north (Fig. 2). On the southern 
side of this area of deflation, the ground deformation in- 
creases northwards from —0.9 to —84.6cm in only 700m, 
and assuming a fairly smooth profile of deformation (Fig. 3) 
the amount of subsidence at the centre of collapse is likely 
to be >I m. The maximum amount of collapse cannot be 
determin®d exactly since the centre of collapse lies in the 
unmonitored area where our benchmarks were destroyed. 
To the north of the unmonitdred area, the amount of 
ground collapse decreases northwards from ~—19.5 to 
+4cm, at which slightly inflated value it remains almost 
steady over the most northerly 800 m of the traverse. 

About I m of vertical deformation in lyr is large, con- 
sidering that no major eruption took place*during this time. 
The most unusual feature of this subsidence is the small 
diameter (just over 2km) of the grea affected. This is 
unlike inflation and deflation on Hawaii, where the whole 
volcano is affected’™*. The actual tilt of the ground implied 
by these measurements is at least 1,200 urad on the south 
side of the area of collapse. 

The large amount of vertical deformation compared with 
the small horizontal extent of the area affected suggests 
that the cause of the deformation is at a shallow depth, 
and could result from several causes: one is that as the 
area of subsidence contains the North-east Crater flows of 
1966-71 and 1974-75, We are observing Cooling contraction 
and compaction of these flows. We think this unlikely 
especially as the 1971 flows on the south side of the summit 
cone show no such movement. Also, precise level tilt 
stations on older flows outside the area indicate deflation. 
Another more likely explanation is that the collapse 
could be directly related to the summit activity of 
1975 September~November and 1976 June-August. One 
might expect the summit to be inflated in late July 1975, 
6 weeks before summit activity, and deflated in September 
1976, 1 month after sumnfit activity. The levelling of the 
two isolated summit benchmarks in May 1976 shows that 
most of the collapse had already taken place at that time. 
This is likely to be the case since the summit activity in 
August was relatively minor. Finally, we could be witness- 
ing incipient caldera formation, and that collapse could 
continue to take place in the area. Caldera formation has 
occurred on Etna at intervals of several hundregl years, and 
the recent occurrence of other types of collapse at the 
summit, such as the collapse of the Bocca Nuova since 
1970 and the collapse of the two gew pits on the North-east 
Crater. in early 1976 and June 1976 could support this view. 
The total void created by these three events is about 
5% 10° m’, added to an estimated 110° m° created by the 
ground deformation. The volume of lava erupted during 
this time is at least an order of magnitude larger. 

Whichever of the above possibilities proves to be 
correct, the interest of these results and the importance of 
continuing these observations is self-evident. They 
contribute to a greater understanding of the internal 
structure and workings of the volcano, which will hopefully 
lead to an increasing ability to predicf activity, and point 
to areas of interest for other studies on the mountain. 
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Evidence for a low velocity layer 
at the base of the oceanic crust 


As the quantity of seismic refraction data in the oceans in- 
creases it is becoming apparent'~* that there is a systematic 
increase in*crustal thickness with age, at least out to about 


‘60 Myr (refs 1,2). To explain this phenomenon more precisely the 


detailed structure of the lower crust is required. We present 
seismic refraction data from the Northern Cocos plate which 
shows that thickening occurs by the formation of a low 
velocity zone (LVZ) at the base of the crust with a velocity 


(Age)'? (Myr!?) 


P „intercept (s) 


V. (km s$) 


EEE es SEAST AE ALLEELE, TEE 
0 5 10 15 20. 25 
(Distance from rise crest)? (km 12) 


Fig. 1 a, Average mantle intercept times (Pa) and b, average 

crustal velocities V. (ref. 2) against (age} in (Myr)!. The spreading 

rate is about 4.5 cm yr and the error bars represent | s.d. The 

intercept times have had the travel time through the water 
column subtracted. 
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covering the area on an orthogonal grid. ‘Most data were — 


Apparent velocity obtained from free-flomting buoys and some from ocean | 
















~ r ’ : bottom seismometers, using standard seismic _ refraction 
a a ae techniques. The upper mantle velocities obtained from. these. 
-i = s} oo data, which show strong anisotropy, are discussed by 
o J > Snydsman et al.’. EEEE ETE arr TS 
> a | S Using only the first arrivals, the mantle intercept times and’ 
SB | A wer crustal velocities were measured and then averaged in age... 
£ al E j 8 intervals after corregting for the water column. travel tim 
a. T = Fig.4 Graph for line 8 showing trade-off between LVZ pata- 
. s pi e . A meters and thickness of the overlying layer, found using the PmP. = 
so ° l f critical point. TE 
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Fig. 2 Apparent velocities of first arrivals (with 1 s.d. error = 
bars) measured across the array of receiving buoys (line 67). 
qi < 6.8 km s™ One possible explanation of this ‘in terms of 
these relatively low seismic velocities for the lower crust’, is 
that upper mantle material becomes serpentinised by a hyd- a 
ration reaction as it cools. If so, this implies that the Moho 5 
boundary, except at very young ages, is a phase change ~e 
(hydration) boundary. This supports the ideas of Hess®. ng 
Our data were taken over the Northern Cocos plate inan ™ 
area bounded. on the north and south by the Orozco and 
Clipperton fracture zones and on the east and west by the 
Middle American Trench and the East-Pacific rise (EPR). j 5 
The spreading rate in this area is about 4.5 em yr? (ref. 6). i aak 
We have some 40 refraction lines each about 80km long Hya(km) eo, 
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These averages were then plotted against (age)! (Fig. 1). The 
(age)! abscissa was chosen since the mst rapid changes due to 
cooling can be expected in the early history of the crust®. From 
Fig. la it is clear that the averaged intercept time increases 
with age by about 0.5 s in 12 Myr. Of this increase only about 
0.1s could be associated with an increasing upper mantle 
velocity. We therefore conclude that the crust is thickening 
with age. 2 ae 

In obtaining the upper crustal structum we have used both 
the travel times and the apparent velocities measured across 
the 3.0-km long array of five receiving buoys. An example of 
the apparent velocities we obtained is provided by the data 
from line 67 (Fig. 2). This line was notable for the small drift 
of the buoys (< 1 km in 4 h) and the smooth topography. The 
travel times for this line are shown by the unfiltered record 
section in Fig. 3. In deriving a model for the lines, it was found 
that the simplest model which fits both the travel time and 
apparent velocity data within the observational error was a 
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roughly linear velocity increase in the upper crust followed by a 
decrease in the gradient with depth, Theoretical apparent 
velocities from such a model are shown in Fig. 2 superimposed 
on the data. Although there is some smoothing of the apparent 
velocities introduced by the finite length of the array the 
existence of a discrete velocity jump associated with the layer 
2-layer 3 boundary clearly is not supported, since this would 
appear as a discontinuity in the apparent velocity curve near 
15 km. This conclusion is supported by all the lines for which 
we have good array velocity data and also by the results of 
Orcutt et al. The layered velocity model of the crust, usually 
assumed, seems to be a simplificatign and approximation but 
not a realistic physical model in this area. 

To examine the crustal thickening with age, record sections 
were constructed of selected lines and velocity models which 
fit both first arrivals and later arrivals were constructed using 
ray tracing methods, synthetic seismograms and critical point 
locations. Three such lines (orierfted perpendicular to the 


Fig. 5 A comparison of synthetic seismograms computed for three types of models. Model a has a basal high-speed layer. Model b has an 
upper crustal structure derived from our travel time and apparent velocity data and a constant velocity lower crust. Model ¢ is similar to 
Model b except for the basal LV4, Note the P,,P-P, offset and the decrease in the Pa P-P critical point distance produced by the LVZ. 
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Fig. 6A comparison ist gokas seismograms penni from the models shown (a, b) with line 8 (c). Model b with the thin LVZ fits the 
o PaP arrivals at large ranges better than a and is, therefore, the preferred model. 


. observed magnetic anomalies) are shown in Fig. 3, together 
with an interpreted travel time curve. Critical to our inter- 
pretation are the large amplitude late arrivals at distances 
greater than 50 km. These arrivals are wide-angle reflections 
(PaP) off Moho? and at the largest ranges the apparent 
velocity, or inverse slope, of these arrivals must be asymptotic 
to the velocit) at the base of the crust or, in the case of a LVZ 
at the base of the crust, they will be asymptotic to the velocity 
of the lid overlying thè LVZ. One test for the existence of a 
LVZ is whether these arrivals are tangential to the crustal 
refracted arrivals or whether they are offset. For line 8 at 
600 km from the rise axis there is a clear offset of about 0.35 s. 
The other two lines also have a well-marked offset of about 


0.2 s. This effect is most easily seen by comparing ‘these lines 
with lines close to the axis (not shown here) which show no 


offset. The wide-angle reflections also give the velocity of the 


lid, and in this case, we found velocities of 6.9, 6.8 and 6.9 km 
s~? respectively. 
A second independent test for the existence of a LVZ 


is the distance and time at which the P,P critical point occurs pi 
on the travel time curves. This, coupled with a knowledge of 
the upper crustal structure and P, velocity, can be used to 


determine if a LVZ exists at the base of tHe crust. For the lines 
shown in Fig. 3 the P,P critical point is fairly clear and wecan 
determine the maximum range at which the critical’ point may 
occur. Using the measured critical points, the derived upper 








+ 
crustal structure, and the asymptotic yelocity of PaP, we can 
determine if a LVZ is required at the base of the crust. 

Using this method, we find that our three lines do require a 
LVZ at the base of the crust. There is, however, a trade-off 
between the thickness and velocity of the LVZ and the thickness 
of the lid, as shown in Fig. 4 for line 8. A further constraint 
may be placed on the LVZ by the distance to which energy 
in the P,,P path is propagated since the thickness of the layer 
overlying the LVZ strongly controls this feature (that is, a thick 
lid will propagate energy further than a thin lid). 

To test our model, further, we synthesised seismograms, 
using the method of Fuchs and Muller" as modified by 
Kennett!? for marine situations, for three different types of 
models. These models labelled a, b, and ¢ in Fig. 5 include a 
model with a high-speed layer at the base of the crust (model a), 
a model with an upper crustal structure similar to that found 
for line 67 with no basal LVZ (model 6), and a model similar 
to b but with a basal LVZ (model c). Model a clearly does not 
fit our data since it does not produce the high amplitude 
arrivals fh the 15-20-km range; also, the slope of the P,,P 
arrivals beyond 50 km is 7.5 km s~! and not the observed 
6.8 km s~!. The difference betwee models b and c is primarily 
in the offset between P,,P and P, and the position of the 
P„ P-P, critical point. A comparison of the synthetic seismo- 
grams in Fig. 5 and the data in Fig. 3 clearly supports the basal 
LVZ concept and the criteria for its recognition. 

Since the models in Fig. 5 are not specifieally related to any 
line of data, we next tried to compute synthetic seismograms to 
fit line 8 as accurately as possible. Fig,6 shows the line 8 record 
section bandpass filtered from 0 to 8 Hz along with two 
synthetic record sections computed from models with differently 
shaped LVZs. Bothemodels give a close fit to the P, and P, 
arrivals; however, the model with a thin LVZ and a higher 
velocity contrast fits the observed P,,P amplitudes better at 
ranges greater than 50 km. Hence the model with the lower 
velocity in the LVZ seems to fit the data better for line 8; this 
conclusion was also reached for lines 67 and 47. 

These results suggest that the thickening of the oceanic crust 
as observed here and pdssibly in other parts of the world is due 
to the growth of a LVZ at the base of the crust which may be 
formed by a transformation of upper mantle material of 
velocity > 8.0 kms! into material with velocity « 6.8 kms. 
An inspection of the metamorphic reactions that might operate 
on a peridotite-type rock in a cooling environment to produce 
these low velocities suggests only one candidate, a serpentin- 
isation or hydration of the peridotite. The data of Christensen 
and Salisbury? show that if the upper mantle were composed 
entirely of olivine then a 50% hydration would be required to 
lower the velocity from 8.48 to 6.5 km s~!. If this serpentin- 
isation hypothesis is correct, then a method of getting the water 
to these depths may be provided by the cracking front theory 
of Lister!*. In this theory hot rock cooled rapidly by contact 
with water will crack, facilitating further cooling and cracking. 
This cracking front may proceed to considerable depths 
dependjng in part on the strength of the rock. Lister’®, in 
discussing this problem, had suggested such a mechanism for 
the formation of the Moho boundary. : 
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J. Tuzo Wilson Knolls: Canadian hotspot 


A young submarine volcano at the base of the gontinental slope 
west of Canada has been named fter the Canadian geo- 
physicist J. Tuzo Wilson. The volcano is capped by hawaiite, 
and has an angular separation from a proposed pole of rotation 
of the Pacific plate and the hotspot frame of reference close to 
separations for the Kodiak--Bowie seamount chain, suggesting 
that a hotspot which generated the seamount chain now lies 
beneath the young volcano. Radiogenic ages of some seamounts 
of the chain support this hypothesis. 

The generation of a line of seamounts (Fig. 1), trending 
south-éast from Kodiak to Bowie Seamounts in the Gulf of 
Alaska, has been ascribed to a hotspot beneath the Pacific 
Plate!:2. Bathymetric, geometric, chronological and petro- 
logical evidence presented here suggests that the hotspot is now 
located at the foot of the continental slope, off Queen Charlotte 
Sound, British Columbia. 

In 1973, fresħ glassy volcanic rock was raised in two dredge- 
hauls made on J. Tuzo Wilson Knolls (JTW) at latitude 51° 
23N, longitude 131°02’W and latitude 51°25°N, longitude 
131°O1’W, respectively (Figs 2 and 3). The knolls which rise 
from the base of the continental slope 60 km south of Cape St 
James, Queen Charlotte Islands, lie in an area of high sedi- 
mentation rate. The dredged rock shows little sign of man- 
ganese encrustation or alteration, and most likely was erupted 
recently, probably since the diminution of rate of sedimentation 
following fhe rise in sea level at the end of the last glaciation. 
The knoll lie at the southern end of Queen Charlotte fault, a 
transform fault which forms the boundary between North 
American and Pacific lithospheric plates*~* and lies north of the 
triple junction of the North American (NOAM), Pacific (PCFC) 
and Juan de Fuca (JDFA) lithospheric plates’. Oshawa’ Rise, 
a broad basement swell, connects the region of the knolls to 
Bowie Seamount, at the south-eastern end of Kodiak—Bowie 
Chain!4. Minster et a/.*, in a global synthesis of movements of 
lithospheric plates relative to the hotspot frame of reference 
(HSPT), computed that PCFC-HSPT rotation during the past 
10 Myr has been 0.83° Myr ~ about a pole at 67.3°N, 120.6°W. 
Colatitudes of seamounts of the Kodiak~Bowie Chain relative 
to this pole (Table 1) are in the range 36.9°-39.4°. The colatitude 
of JTW is 37.1°. After calculating the longitudinal difference 
between JTW and a seamount of the chain about the PCFC- 
HSPT pole, and assuming the rate of rotation of 0.83° Myr, 
one may calculate the age difference between the seamount and 
JTW (Table 1, rows 4 and 5). Radiogenic ages of Giacomini 
and Kodiak seamounts, at the northern end of the chain (Table 
1, rows 6 and 7) compare closely with calculated seamount- 
JTW age differences, as does the radiogenic age of basalt from 
nearby DSDP hole 178. Radiogenic ages of Bowie, Hodgkins 
and Dickens seamounts, near the southern end of the chain, are 
5-6 Myr younger than the calculated age differences. Assuming 
that volcanism, once initiated at a seamount, has a duration of 
several Myr, such age discrepancies are not incompatible with 
the hypothesis that the active end of Kodiak~Bowie Seamount 
Chain lies at or near JTW, and that the rotation PCFC-HSPT 
has been constant for the past 22 Myr. Alternatively, the 
discrepancies may indicate variation in PCFC-HSPT motion 
through time. | l 

Other possible locations for the active end of the Kodiak- 
Bowie chain on the Pacific plate are Dellwood Knolls and the 
south-eastern end of Dellwood Seamount Range (Figs 1 and 2), 
relevant colatitudes of which are 37.4° and 37.8", respectively. 
The south-eastern end of Dellwood Seamount Range lies at the 


bouring features. 
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Fig. 1 Location of*Kodiak-Bowie 
Seamount Chain in Gulf of Alaska. 
Ticked dashes enclose area of 
Coastal Mountains of southwestern 
British Columbia characterised by 
elevations > 2000 m. 


northern end of Explorer Ridge. Dellwood Knolls lies to the 
east, on the eastern side of Revere-Dellwood fracture zones” 
(Fig. 2). Basalt without significant coating of manganese- 
iron oxides has been recovered at both of these sites. Analyses 
of major elements and norms of volcanic rock from JTW, 
Dellwood Knolls and Dellwood Seamount Range (Table 2) 
reveal that the latter two features are composed of low potas- 
sium tholeiite characteristic of spreading ridges, whereas JTW 
is composed of much more alkaline hawaiites, characteristic of 
the terminal phases of seamount volcanism. Thus petrology 
indicates that JTW is the most likely of the three features to be 
generated by a hotspot. 

If initiation of volcanism at JTW occurred several Myr ago, 
the generating hotspot would now lie east of the plate margin 
under the North American plate. If this is true, geometry 


Fig. 2 Relation of J. Tuzo Wilson Knoll to neigh- 
Queen Charlotte Fault follows. 
continental margin. off Queen Charlotte Islands. Heavy 
straight line indicates locations of continuous seismic 
reflection profile (Fig. 2}. Triangles indicate sites of 


dredged rock for which analyses are listed in Table 
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dictates that the hotspot lies on the same small circle about the 
PCFC-HSPT pole as tRe Kodiak~Bowie chain. A broad 
positive topographic anomaly and alkaline volcanicity should 


characterise such a hotspot®. In the cogstal mountains of = 
British Columbia, a topogr@phic high does occur, centred at 


S1°N, 125°W (Fig. 1), but the colatitude (PCFC-HSPT) of this. 
area is only 35°, and no young alkaline volcanicity is known 
from it. : ee are 
Thus the tentative conclusion is that the Kodiak~Bowie 
Hotspot is at present located near J. T. Wilson Knolls. . | 
The decision to name this topographic feature after the 
Canadian geophysicist J. Tuzo Wilson stems principally from 
its connection with an underlying hotspot. Professor Wilson 
was the originator of the hotspot hypothesis, and it is thus 
fitting that a hotspot be named after him, particularly one 
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enim ln at hh iAH SRS sh ti tg nr 
e Table 1. Position and age data for Seamounts studied 





i J. T. Wilson Bowie Hodgkins Dickens Giacomini DSDP 178 Kodiak 

Co-latitude about PCFC@-—mantle Pole (deg) 37.1 37.4 37.4 36.9 38.8 38.6 ~ 39.4 
Angular distance from JTW about ` 

PCFC-mantle Pole(deg) l 0 5.5 6.1 7.8 16.6 17.6 18.9 
Calculated age (Myr) 0 6.7 7.4 9.4 20.0 21.2 22.8 
K/Ar age (Myr) — 0.1 +40.1 2.65 +0.2 3.7+0.2 19.9-+1.0 22-23 22.6+1.1 
Fission-track age (Myr) — — — 19,3+3.8 25.3 44.3 
Age of magnetic anomaly (Myr) e <10 18 19 20 46 47 50 
Age~difference (Myr) magnetic-calculated — 11 12 1} 26 26 27 
close to Canada. He introduced the concept of transform Oceanography, University of British Columbia and the 


faults and, with Frederick Vine, first delineated plate boundaries 
in the north-eastern Pacific. Thus it is fitting that his hotspot lie 
in the north-eastern Pacific, near the southern end of the Queen 
Charlotte transform fault. 
We thank Captain Bowles, and officers and crew of the CFAV 
Endeavour, for cooperation in surveying and dredging, Pro- 
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Fig. 3 Continuous seismic reflection profile across J. Tuzo 

Wilson Knoll. Sedimentary strata cut by canyons of the con- 

tinental slope cover flanks of volcanic edifice rising from oceanic 
basement. Vertical exaggeration 1s 21:1. 


fessor R. T. Prider and Dr R. Binns, for providing analytical 
facilities at the University of Western Australia, Dr Stirling 
Shaw, Macquarie Urfiversity, for X-ray diffraction analysis of 
rock samples, the Institute of Oceanographic Sciences (Wormley, 
UK) for office and library facilities, Mrs Angela Watters and 
Ms K. Hayne, for assistance in préparation of dhe manuscript. 
This work was supported by grants from the National Research 
Council of Canada and the Defense Research Board of Canada. 
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Table 2. Analyses of major elements and norms of volcanic rocks 


Hawaute Mawauite Qz-tholeiite Ol-tholente 
J.T. Wilson J.T. Wilson Dellwood Smt Dellwood 

Knolls Knolls Ra. Knolls 
S10, 49.47 51.47 50.38 47.48 
TiO, 2.24 1.51 Ll; 1.16 
Al,O, 17.25 17.83 14.71 15.87 
Fe,0, 1.67 1.23 1.80 1.29 
FeO. 6.75 5.17 7.38 7.69 
MnO 0.14 0.13 0.18 0.16 
MgO 4.52 5.06 7.12 ° 10.71 
CaO 7.95 8.16 12.53 11.26 
Na,O 4,94 4.74 2.51 2.21 
K,O 2.47 220 0.26 0.18 
H,0O* 1.36 1.56 1.95 0.64 
H,O- 0.45 0.33 0.03 0.09 
P,O; ” 0.92 0.77 0.13 0.09 

100.13 100.22 100.46 98.83 
Q = — 0.33 ~~ 
Or 14.60 13.35 1.54 1.06 
Ab 27.53 32.12 21.24 18.70 
An 17.60 20 70 28.10 32.85 
Ne 7.73 4.33 me mmm 
Di 12.93 11.94 26.98 18.08 
Hy — 9 o 14.58 6.82 
Ol 9.13° 9.45 — 16.30 
Mt 2.42 1.78 2.61 1.87 
Il 4.25 2.87 ° 2.81 2.20 
Ap 2.14 1.79 0.30 0,21 
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Cerium in chert as 
an indication of marine 
environment of its formation 


THERE are few if any investigations of deep-sea cherts or siliceous 
sediments from the geochemical point of view, although several 
geological and mineralogical studies have been published?*, We 
present here data on rare-earth elements (REE) in deep-sea 
cherts, and compare them with relevant data on seawaters 
as well as cherts exposed on land. 

Behaviour of cerium differing from that of other°REE in 
marine environments is already known’~® with particular 
reference to manganese geochemistry, but a similar distinction in 
predominantly siliceous sedimentary, rocks has not been re- 
ported, to our knowledge. 

REE in samples were determined with stable isotope dilution 
technique with relative uncertainties of <1.5%. Our investiga- 
tions were performed on four deep-sea cherty rocks recovered 
during the Deep Sea Drilling Project, two microfossil separates, 
and three terrestrially exposed cherts, including an Archaean 
one from,-Gunflint, Canada. The microfossils were separated | 
from radiolarian ooze by the sedimentation technique. The 
microfossils under consideration are siliceous and substantially 
free from calcareous ones!!. Excepting 4-29C-1 (chert from the 
Caribbean Sea), the other deep-sea samples are from the central 
Pacific. 

The results of REE determination are given in Table 1. Figure 
1 shows tha chondrite-normalised REE patterns for deep-sea 
samples; the REE abundances in the Leedey chondrite? are 
employed for the Masuda—Coryell plotting (plotting the logar- 
ithm of chondrite-normalised value against the order of atomic 
number of REE). It should be noted that all of the DSDP 
samples investigated show large negative Ce anomalies. The 
‘Ce anomaly’ here is defined as the ratio of observed Ce abund- 
ance to that which would fall on the La—Nd join in the Masuda- 
Coryell plot. The Ce anomaly ranges approxjmately from 0.2 
to 0.3, with the exception of the Caribbean chert (0.467). 

The absolute concentration levels of REE in the four highly 
siliceous sediments show a large variation decreasing in the order 
7-66-5, 16-163-14, 4-29C-1 and 17-167-85. Sample 7-66-5 is 
cristobalitic porcellanite, the next two samples are cristobalite 
cherts, and the last one, 17-167-85, is a quartz chert. Thus, the 
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-DSDP 


DSDP DSDP DSDP 
7-66-5 4-29C-1 16-163-14  17-167-85 
La o 36.7 12.35 14.11 3.97 
Ce 24,4 12.16 6.62 2.18 
Nd eee ey; 12.7 15.62 2.92 
Smo ss 803 2.72 3.50 * 0.531 
Eu . 2.08 0.706 0.906 0.1295 
Gd 7 9.03 3.08. 3.75 0.645 
Dy 9.21 2.87 3.81 0.598 
Er e 5.62 1.674 2.27 0.388 
Yb ~~ e 1440 - 2.03 0.355 
‘Lu 0.842 0,219. 0.316 0.0551 
Ce anomaly* 0.321 0.467 0.217 0.290 
» Latitude 2°23'N 14°47’N IPISN TEN 
Longitude 166° VW 6919W 15018 W 176°50’W 
Water depth(m) 3293 4247 $320 3176 
Oligocene~ Middle 
Upper Middle Eocene— Lower 
Age at top Cretaceous Eocene Upper Cretaceous 
G Cretaceous, 
Siliceous * 
mucrofossils rare common none none 
Lithology cristobolitic 
porcelanite chert chert chert 
SiO, mineral ~—eristobalite cristobalite  cristobalite 
(opal-CTt) (opal-CTt) (opal-CTT) quartz 


‘Table 1 REE concentrations (p.p.m.) in cherts and siliceous microfossils, with sample descriptions 
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DSDP DSDP 
7-66-3 16-162-7 . 
microfossil microfossil 750824-14 %50824-15 Gunflint 
5.67 0.311 4.77 5.15 0.0785 
2.98 0.1519 10.04 e 14,94 0.1946 
6.96 0.355 4.56 5.45 0.0738 
1.569 0.0797 0.920 1.250 0.01536. 
0.395 0.01994 0.202 0.271 0.00453. 
1.864 0.0666 0.866 1.115 0.01790 
1.835 0.0802 0.727 1.024 0.022 
1.157 0.0458 0.451 0.544 0.01681 
1.059 a 0.445 0.492 ‘0.01632. 
0.1893 0.00669 0.0672 0.0731 0.00236. 
0.235 0.224 1.02 1,37 121: : 
2°23'N 14°52’N Kamiasé Sibley. 
166° 7°W 140° 3°W Gifu, Japan Ontario, 
5293 4854 Canada 
k 2.0-2.4 
Middle “10° yr 
Oligocene Eocene Permian—Jurassic . in 
abundan? abundant abundant abundant none 
radiolarian radiolarian | 
ooze ooze chert chert chert 
+ 
quartz quartz quartz 
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*See text. ae 
tAfter the opal classification by Jones and Segnit?®. 


absolute REE abundance levels in these cherty rocks seem to 
depend on the degree of diagenesis. With the present limited 
data, it is hard to discriminate on relative REE patterns between 
cherty rocks and microfossil separates. In general, La, Nd and 
Sm fall on a straight line, while Sm, Gd and Dy fall on another 
straight line; there is a small break at Sm. : 

Figure 2 shows the chondrite-normalised REE patterns of 
four terrestrially exposed cherts; one is a Trans¥aal chert 
analysed by Wildeman and Haskin™ for REE: We have studied 
two cherts from Kamiasé, Gifu, central Japan, (Triassic~ 
Jurassic) and a Gunflint chert (2.0-2.2, or 2.43. 10° yr) (ref. 
14), Canada. REE contents in the Gunflint chert are similar to 
but somewhat lower than in the Transvaal sample (about 
. 2.0x 10° yr) (ref. 13). A remarkable observation from Fig. 2 is 
that these cherts exposed on land either show a small positive 
Ce anomaly or seem to have no Ce anomaly at all, in contrast 
to deep-sea cherts. Kolodny and Epstein!’ have revealed a clear 
distinction in 5!*O between terrestrially exposed and deep-sea 
cherts. They conclude that the lower values of §8O of terrestrial 
cherts compared with DSDP cherts are attributable to the 
shallower water environment in which the terrestrial cherts were 
formed. This conclusion is consistent with that derived from the 
present study. 

Goldberg et al? found that Ce in a seawater sample was 
depleted by a factor of 0.23 relative to the adjacent rare-earth 
elements. The corresponding Ce anomaly for eight Atlantic 
Ocean samples from two stations (45°N, 16°W and 43°N, 28°W) 
is about 0.32 as a geometrical mean, on the basis of data 
presented by H@gdahl'*. He also reported, hoWever, that Ce is 
present in normal concentrations in seawaters of the Puerto 
Rico Trench, the West Deep Cariaco Trench and Barents 
Seat, It should be noted that these areas are all relatively close 
to continents and/or the dimensions of the seas in question are 
small compared with oceans. The water of the Black Sea?’ also 
does not show a substantial Ce anomaly. 

It is evident that the presence or absence of Ce anomaly and 
its extent and direction of deviation can be a good indicator of 
aqueous (perhaps marine) environment of formation for cherty 
rocks. A Caribbean chert indicates a smaller depletion of Ce 
compared with the Pacific ones. This could be due to the 
Caribbean Sea being encircled by a chain of islands. The REE 
patterns of terrestrial cherts can be interpreted as suggesting 


that. they were formed in coastal areas, Marginal seas or land- 
enclosed seas. 

Our results suggest that, in shallow-sea. areas, Ce perhaps 
mostly involved in suspended solid particles behaved apparently 
in the same fashion as other REE, while in deep-sea areas Ce 
was subjected to selective removal relative to other REE. 
Difference in residence time of lithogenous suspended. particles 
is one of the major factors responsible for this areal difference. 
Comparatively long residence time of suspended particles. would 
promote disintegration into finer particles and their further 
alteration, which would be in turn favourable with chemical 


Fig. 1 Chondrite-normalised REE patterns of deep-sea cherts 

and siliceofis microfossils (MF) separated fram’ DSDP radio- 

larian ooze. a, sample 7-66-5; b, 16-163-14; c, 4-29C-1: d, 7-66-3 
MF; e, 17-167-85; f, 16-162-7 MF. 


| ee i 
mE 2 


Oe a S i | 
\ yo x 7 f 
x ° ore af 
otk A eS 
= i Pee Pe 
a a a ore 
s ye ` 
10 1 \ Pa oO S 
o 7 i , 
m s : 
Cea * Fa 
z 4 i d vn 
5 7 S 
Ta 
> 2 
i 
eo 
D 
Q 
= 
g 
0.7 , 
Ps. 
0.4 k K 
; 
0.2 





0. | ot: OE: EINES Cem P F 
LaCe Nd 


Yb Lu 


+ 





+ 





pre TT TT 
it . 
ko N 
10 ee 
a ~ Do å ; 
7} i 
i e i 
4 | eo 
a i 
ili wee it 
w 4 Sa Dia eO 
Qo - ip Seer eenies eal ete ce os 
= h 
x 
= | 
© 
= 0 £ 
> 
a0 
3 0 
KA A 
pod x 
0.2 PEA, í 
N 
NS YA 
0.1 Ne 
0.07: Gs, so eee 
i er enansamen sig © p” ; 


r 
0.04- 
A ON S SETS OOE OSOE OOS PSESE S S Soe Doerr E AS 
LaCe Nd SmEuGd Dy Er YbLu 
Fig. 2 Chondrite-normalised REE patterns of cherts exposed on 


land; 750824 samples are from central Japan. a, 750824-15; 
b, 750824-14, c, Transvaal (Wildeman and Haskin); d, Gunflint. 


reactions, including oxidation of Ce jnto the tetravalent form, 
and separation of Ce from other common REE; without particle 
disintegration, the size of particles in deep-sea areas can be 
finer as a result of s@rting. This dogs not necessarily mean that 
the oxidation into Ce'* starts in deep-sea areas. Hogdahi’ 
found no Ce depletion in unfiltered water samples from the 
River Gironde and its mouth to the sea, while a slight Ce 
depletion was detected for filtered waters. 

Almost all of samples studied display rather small negative 
Eu anomaly, which is considered to reflect that of a probably 
continental source material. ° 

Two major theories, biogenic and volcanic, have been 
advocated to explain the genesis of cherty rocks. If voleanic 
activity is directly responsible for chert formation, the rocks 
so formed should not show a negative Ce anomaly. This 
preliminary investigation suggests that high-accuracy REE 
determinations can lead to useful results if applied to researches 
in siliceous sedimentary rocks and related subjects. 

We thank the Deep Sea Drilling Project for supplying the 
samples and Dr M. Adachi for helpful discussions. The Gun- 
fint chert was kindly offere@ by Drs S. Matsuo and K. Kanehira. 


HIROSHI SHIMIZU 
AKIMASA MASUDA 
Department of Earth Sciences, 
Kobe University, 
Kobe 657, Japan 


Received 23 November 1976; accepted 19 January 1977, 


t Ramsay, A. T, $. Nature 233, LE5-117 (i971). 
2 Gibson, T. G, & Towe, K. M. Science 172, 152-154 (1971), 
3 Calvert, S. E. Contr. Mineral, Petrol. 33, 273-288 (1974). 
4 Heath, G. R, & Moberly, R. initial Repurts af the Deep Sea Drilling Project, 7, 
991-1007 (US Government Printing Offge, Washington, 1971). 
! Keene, J.B. & Kastner, M. Nature 249, 754—733 (1974). 
ü Keene, J. B, dnidal Reports af the Deep Sea Drilling Project, 32, 4729-507 (US. 
Governmegt Printing Office, Washington, 1975). 
? Goldberg, E. D., Koide, M., Schmitt, R. A. & Smith, R. H. J. geophys. Res. 68, 
4200-4217 (1963), 
* Piper, D. Z. Geochim, casmochin. Acta 38, 1007-1022 (1974). 
® Masuda, A. & Nagasawa, S, Geochem. J. 9, 227-233 (1975). 
t0 Robertson, A. H. F. & Fleet, A, J. Eurih planet. Sci. Lett, 28, 385-394 (1976). 
1} Musich, L. F. 4 Guide to Pacific Core Material, (Scripps Institution of Ocean- 
ography, La Jolla, 1974). 
12 Ma A., Nakamura, N. & Tanaka, T. Geochim, cosmochim. Acta 37, 239-248 
C1973}. 
i} Wildeman, T. R, & Haskin, L. A. Geochim, cosnochim, Acta 37, 419-438 (1973). 
i4 Alexander, E. C, Precambrian Res, 2, 329-344 (1975). 
‘3 Kolodny, Y. & Epstein, 5, Geochim. cosmochim. Acta 40, 1195-1209 (1976). 
to Hogdahl, O., Semiannual Prog. Rep. NÆ 6, NATO Res. Grant No, 203 (1968). 
U Kolesov, G. M., Anikiyey, V. V. & Savenko, V. S. Geochem, dat. 12, 82-88 (1975). 
1S Hogdahl, O. The first coordinating meeting within GQhe [AEA Research Agreement 
Coordinated Programme on Marine Radioactivity Studies, Monaco, June, 
1970 (unpublished). 
19 Jones, J. B. & Segnit, F. R. J. geol, Soc. Aust. 18, 57-68 (1971). 
+ 


Nature Vol. 266 24 March 1977 






us annann . aa weneeminmntmananasansnnvomnrd 


Factors controlling grain weight in wheat 

THe physiological factors controlling differences in grain 
weight between cultivars of wheat are not fully resolved. 
The experiments described here indicate that final grain 
weight in two cultivars of wheat is mainly dependent on 
the rate of accumulation of dry matter, which in turn is 
governed by the number of endosperm cells formed. Cell 
number in the endosperm seems to be regulated by the 
supply of assimilates available to the grain, during the first 
2 weeks after anthesis. ‘“ 

Two cultivars of wheat (Triticum aestivum L.), Maris 
Huntsman and Val, were grown in pots in the open from 
November 1975 to July 1976, and tillers were removed to 
maintain a constant density of 320 shoots per m*. The 
plants reached anthesis on 7 and 8 June, Val being the 
earlier, and attained a mean grain number per inflorescence 
of 48.8 (Maris Huntsman) and 48.5 (Val). In the first ex- 
periment inflorescences were collected at intervals from 
anthesis toe maturity. Grains were removed from the lower 
two florets of the 10 central spikelets of the inflorescence, 
and the weight per grain determined after drying to constant 
weight. The stage of development of the endosperm was 
determined from median transverse sections of grain fixed 
in gluteraldehyde, embedded in epon, and examined from 
2-um section® using phase contrast optics. 

At maturity, Maris Huntsman contained 21% more dry 
matter in the grain than Val (Fig. 1), and the rates of 
increase in dry weight for the period 14-30 d after anthesis, 
calculated by regression analysis, were 1.63+0.09 mg d™ 
(Maris Huntsman) and 1.12+£0.07 mg d™ (Val). The higher 
rate in Maris Huntsman could have been due to a greater 
supply of assimilate, or to its grain being a more efficient 
sink, or to a combination of the two factors. 

It has “been suggested’ that the rate of increase in dry 
weight of the grain may be closely related to sink size as 
determined by the number of endosperm cells formed, and 
our data provide evidence for this. Examination of the 
developing endosperm showed that by 14d after anthesis, 
the outer layer of endosperm cells had ceased to be meris- 
tematic in both cultivars, and had differentiated into recog- 
nisable aleurone cells, indicating that the number of 
endosperm cells had been fixed’. The effect of cell number 
in the endosperm on the rate of increase in dry weight and 
on final grain weight was tested in a second experiment, in 
which floret number per inflorescence was reduced to four 
on two dates by removing all florets except the basal floret 
of the four central spikelets. Florets were removed at 


Fig. 1 Dry matter accumulation of the lower two grains of the 

10 central spikelets of the inflorescence. Each point is the mean of 

64 inflorescences. Vertical bars indicate the least significant 

differences (P ~ 0.05) at 15d after anthesis and at maturity. 
A. Maris Huntsman; A, Val. 
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anthesis to provide an excess of assimilate available to the 
remaining grains during the period of cell division in the 
endosperm, and 15d after anthesis, to give an excess of 
assimilate during the time when development was due 
entirely to cell expansion in the endosperm. Inflorescences 
were collected on three dates between 15d and maturity, 
and the weight per grain was determined after drying to 
constant weight. The number of endosperm cells was deter- 
mined in grains fixed in 1:3 acetic acid~absolute ethanol 
and macerated with fungal cellulase’. Grains from the basal 
floret of the four central spikelets in intact inflorescences 
_ were controls. 

~ Reducing floret number at anthesis increased the dry 
weight per grain at 15d and the number of endosperm cells 
‘in both cultivars, although the effect was larger in Val 
(Fig. 2, Table 1). Also, the rate of dry matter accumulation 
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40 
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Fig. 2 Dry matter accumulation of the basal grain of the four 

central spikelets of the inflorescence. a, Maris Huntsman; b, Val. 

Each point is the mean of 20 inflorescences. Vertical barg indicate 

the least significant difference (P < 0.05) between the control and 

either treatment. £], Control; ©), florets removed at anthesis; 
@, florets removed 15 d after anthesis. 


was stimulated, resulting in an increase in total dry weight 
at maturity of 13% in Maris Huntsman and 47% in Val. 
The reduction of figret number at 15d produced only a 
small increase in the final dry weight of the grain. 

Grain formed in intact inflorescences of Maris Huntsman 
contained 19%, more endospérm cells and accumulated 21% 
more dry matter at maturity than those of Val. The dif- 
ference in grain weight between the cultivars was closely 
correlated with the difference in the number of endosperm 
cells, suggesting that cell number in the endosperm is a 
major factor controlling the rate of increase in dry matter 
and final dry. weight. The operation of this control is 
demonstrated by the small effect of increasing the supply 
of assimilate to the grain at 15 d, when the number of 
endosperm cells was fixed and further development was 
due to cell expansion only. | 

Grain weight in intact inflorescences seems to be deter- 
mined mainly by differences in the supply of assimilate to 
the developing grains, which in turn regulates the size of 
the grain sink to match the amount of assimilate available. 

The implications for plant breeding are twofold. First, 


Table 1 Effect of reducing floret number at anthesis on the number of 
endosperm cells formed per grain. Each value is the mean of 10 


# grains, 15 d after anthesis 
No. of cells 
Control Florets removed 
Maris Huntsman 145,000 157,000 
Val 122,000 158,000 


s.e.m. 2,200 
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the potential sink size in some wheat cultivars is a function 

of the number of cells in the endosperm and the level of 

assimilate supply during the meristematic phase of endo- 

sperm development. Second, the number of endosperm cells 

formed seems to be a reliablé indicator for use in selection 

for the yield component, final grain weight. 
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Pattern of lean and fat deposition in adtılts 


THe fact that obesity becomes more common when societies 
change from a subsistence/labour intensive to an affluent/ 
sedentary way of life might be taken simply as a demonstration 
that easy living encourages slothfulness and gluttony. Fat 
people, however, do not in general seem to eat more than thin 
ones, and there is increasing evidence of an inherited component 
of obesity. It seems more likely therefore that, throughout much 
of past history, individuals who had a genetic constitution pre- 
disposing them to store*energy preferentially as fat have had 
some kind of advantage for survival. We have used a computer 
simulation model of energy balance to cgmpare the effects of 
different seasonal patterns f work output and food availability 
on individuals with inherent tendencies towards either leanness 
or fatness, and to illustrate the circumstances and the manner in 
which the latter type has a relative advantage over the former. 

In subsistence agricultural societies, most adults are smaller 
and take less food than those in affluent communities. The 
pattern of eating is often feast-and-fasts the heavy manual work 
of cultivating the next year’s crops frequently coincides with 
reduced availability of food. In these conditions, the ability 


to store excess energy efficiently and to release it when = 


needed for physica! work has survival value. In affluent societies 
however, a regular, adequate food supply is guaranteed and 
activity is fairly constant throughout the year. There is not the 


same need for the body. to store and release energy. Rather, E 


people tend to overeat and longevity may be improved by the 
ability to ‘burn-off’ excess energy and so avoid obesity with its 
health penalties. A possible method of meeting these different 
requirements for optimal survival would be to vary the relative 
proportions of lean and fat tissue used in storing excess food 
energy. The efficiency of converting food to fat is about 70° 
(refs 1, 2); fat tissue has high energy density and low: tissue 
maintenance requirements. Food energy is converted to protein. 
with an efficiency of only 40% (refs 1-3); lean tissue has alow. 
energy density and relatively high maintenance metabolic needs. 
Both fat and dean tissues are very efficiently mobilised for energy. 
We have defined the ratio Pas 





P = energy stored as (or mobilised from) protein 
7 total energy stored (or mobilised) 


Values of P for non-obese subjects can be calculated from the 
classical starvation studies of Keys et a/.‘, and Fig. | shows the 
distribution obtained. 

The modal value of P is between 0.05 and 0.10, but a tail 
extends to much higher values. By contrast, in obese subjects 
the P values calculated from Passmore’s starvation studies® 
were all very low and ranged from,0.02 to 0.04. In Keys’s data 
there is a significant negative correlation hetween the value of P 
and the percentage of the body which was fat, but no correla- 
tion between the value of P and the total body weight. The P 
value is therefore associated with a body type but not a body 
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Fig. 1 A histogram showing distribution of valtes of the ratio of 
energy mobilised from protein to total energy mobilised. Taken 


from ref. 4. 
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size. As the subjects in Keys’s experiment were fasted, they lost 
most of their body fat but there was little change in P value. It 
seems likely that the value of P is set in an adult and remains 
fairly constant regardless of present body weight. In children, 
however, P varies widely with age and there are significant 
differences between boys and girls during adolescence’ (Fig. 2). 

The computer model” has enabled us to quantitate the 
effect of different P values among adults in subsistence and 
affluent societies. For Both societies, we have modelled men 
with constant values of P set at P = 0.03 (‘fat man’) and at 
P = 0.30 (‘lean man’). These are near the tenth and ninetieth 
percentiles of the range of P. 

As an example of men in a subsistence dommunity: we have 
used data from Gambian farmers with food intakes and activities 
at different times of the year as described by Fox’. The model 
has reproduced the observed weight changes (Table 1). 

The total weight changes given by the model were similar in 
both ‘fat’ and ‘lean’ men. The ‘fat man’ used mainly fat to 
balance his energy budget, bt the ‘lean man’ drew upon his lean 
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Lean fat tissue deposition ratio 


Fig. 2 Variations in children of the ratio calories deposited as 
protein to total energy deposited. ©, Boys; “4, girls. Sources as 
given in ref. 6. 


tissue, which is largely muscle, to meet his energy deficits. The 
‘lean man’ therefore depleted his muscles just when they were 
needed for heavy work. Although no feld studies are available 


t+ Ssxyxagw : to us, it sems reasonable to suppose that the ability of an 

SSSss individual to perform sustained muscular work would be 

A. Se, Gye a impaired by the loss of muscle tissue. In acute experiments? loss 

o S om = AN ) oA of handgrip power is correlated with loss of body lean tissue. 
< D O “oS & > 


The utilisation of fat as a storage medium therefore has two 
advantages; it is not only more efficient but also spares muscle 
tissue which is needed for manual work. 

In affluent societies, body weight is slightly higher and 
maintenance energy needs are also slightly higher in consequence. 
In contrast to the Gambians, there are only minor seasonal 
variations in food intake and activity, and there is a tendency for 
intake io rise above maintenance needs. We have modelled the 
effects in the ‘fat man’ and the ‘lean man’ of 5°, and 10% 
increases of intake above the requirement for weight stability. 
The mean food intake was kept constant at this new level and 
there was å 20° random variability about the mean intake to 
simulate daily variability’ (Fig. 3). 

The model predicts that body weight would rise and take 3-6 yr 
to reach new equilibrium levels. Table 2 shows that with a 
constant 10% excess of energy, the ‘fat man’ gained 18.1,kg in 
body weight, but the ‘lean man’ only 8 kg. More significant are 
the changes in body composition. In the ‘fat man’ the per cent 
body fat rose from 12° to 23°4; the ‘lean man’ rose from 12% 
to 13°. Since the ill effects of obesity are probably related both 
to excess weight and excess fat, the ‘fat man’ may well suffer a 
double penalty for overeating the equivalent of one small 
chocolate bar a day. ° 

in contrast to adults, the P values in children change during 
growth (Fig. 2). Using a modification of our computer model, 
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Table 1 Seasonal patterns of weight change and body composition for subsistence farmers, derived from computer model 


Total body Body fat, Body lean 
‘Fat man’ weight, W (kg) AW F (kg) AF L (kg) AL % Fat 
Starting weight (59) 59.0 | 11.3 47.7 | 14 
5 morfths cultivation 4.0 —~3.4 7 ~—~O.6 | 
food + work + (55) 55,0 e 7.9 47.1 10 
4 months harvest | +5.7 +48 ° 40.9 | 
food + work | (60) 60.7 12.7 48.0 . 15 
` | 
-  3monthsrest _ 0.9 —0.8 —O.1 , | 
-a food | work 4 (59) 59.8 11.9 47.9 14 
—= “Lean man’ 
- Starting weight 59.0 11.3 47.2 14 
-5months cultivation —~ 3.4 0.9 ~~ Qed | 
food | work + 55.9 10.4 45.5 és 13 
4 months harvest +4.8 +1.5 +33 
food + work + ° 60.7 11.9 48.8 14 
| a months rest : ° — 13 —0.5 —0.8 
food + work i; 594 œ 11.4 | 48.0 i4 





Observed weights’ in parentheses. 
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we have shown‘ thåt a sustained shift up or down in the pattern 
of P values throughout childhood would produce substantial 
changes in body composition, equivalent to ectomorphy and 
endomorphy, even though food intakes were unchanged. 

In adults it seems that the P value has implications for body 
composition, and in some circumstances, for body weight also. 
In subsistence communities it seems advantageous to use fat as 
the main energy store, and thus to spare muscle in conditions 
of stress. The low P value associated with this pattern of adapta- 
tion seldom produces obesity in these conditions because of 
the limited availability of food. As communities become more 
affluent, however, the survival advantages of a low P value no 
longer apply, as obesity and its complications become an 
increasing problem for the men with the low P values. The 


~-e 
a aa tO" h 


Body weight (kg) 





Time (yr) 


Time (yr) 


Fig. 3 Changes in body weight associated 5% and 10% above 
maintenance food intake. a, P = 0.03; b, P = 0.30. 


shape of the curve in Fig. | is compatible with a geretic basis for 
the distribution of P values. These data are derived from North 
American men, but have a low modal value, that is a ‘fat man’ 
value, consistent with adaptation to subsistence conditions. The 
presence of some individuals with a high P value might indicate 
genetic drift. Such a genetic mechanism could explain the 
inherited pattern of obesity commonly found in affluent 
countries. In affluent conditions, a genetic drift of the P 
value to higher levelg would have no survival disadvantages and 
might even have positive advantages although these would occur 
mainly after reproductive age. If the affluent society persists, 
„there may thus eventually ‘be a higher proportion of ‘lean’ 
individuals. l 

James and Trayhurn? have speculated on the enzyme path- 
ways which might be responsible for the utilisation of fat and 
protein to meet energy needs and we are developing a more 
sophisticated computer model to try to localise the critical 
pathways. The apparent importance of the P-value in determin- 
ing human body composition suggests that treatment of obesity 
could be effected by chemotherapy to raise the value of P as an 
alternative to present methods which stimulate the basal 
metabolic rate or depress appetite. If the P value could be raised 


* 
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Table 2 Computer model predictions of changes in body weight and 
composition with overfeeding of ‘fat’ and ‘lean’ men 


Total Fat "Lean 

weight, tissue, tissue, | 

Wikg) AW Fike) AF  Lt(kg) AL 
Starting a 
values 65 11 54 12 
Final levels with food intake 5%% above maintenance requirements 
‘Fat man’ 73 +80 17.7 +67 553 413 17 
‘Leanman’ 68.9 +39 120 +10 569 +29 12.5 


Final levels with food intake 10°4 above maintenance requirements 


‘Fat man’ 83.1 +18.1 26.2 +15.2 569 42.9 23 
‘Leanman’ 73.0 +80 13.1 +21 59.9 +59 13 
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from 0.03 to 0.30, then our model suggests that an obese man : 
would slowly lose weight and fat without altering his energy — 
intake. 
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Dominance and reproductive 
success amang female gelada baboons 


THE relationship between dominance and reproductive success 
has been of considerable theoretical interest, with an extensive. 
literature reporting its existence among males in many species'.’ 
Although female dominance hierarchies are known to exist in 
various species, the possibility of a stmilar relationship for 
females has not been investigated in detail. Indeed it.is often 
assumed that Bateman’s principle? implies that intrasexual 
selection (and hence the effectiveness of dominance as a repro- 
ductive strategy) will be very much reduced among females. . 
Only one study of mammals presents unequivocal evidence of a ` 
relationship between dominance and reproductive success for 
females?, althougk there is indirect @vidence that it may occur. 
in several other species? 7. We report here evidence for sucha 
relationship in the case of female gelada baboons (Theropithecus 
gelada) in the wild. soe 

Gelada baboons live in reproductive units that typically 
consist of a single adult male and up to 10 mature females with 
their offspring’. During a field study of this species in Ethiopia 
in 1974-5, dominance ranks among the females in each of 1E- 
reproductive units were determined by analysing the frequencies - 
of approach-withdrawal type agonistic interactions within — 
each unit. In all cases, the hierarchies were found to be strictly . 
linear. : one 

The number of immature animals less than 3.5 yr old at the- 


start of the study was known for each unit, together with 


the number of infants born into each unit during the subsequent- 
9 months of intensive study. From detailed studies of the social. 
structure of these units, it was possible to determine probable 
mother—offspring relationships with some confidence. Survivor- 
ship for immature animals up to the age of 3.5 yr was estimated — 
to be 80° (unpublished data). Thus, on average, the data for — 
each unit will deviate from either the true number of births | 
or the number of offspring surviving to the age of 3.5 yr by | 
only about 10°. In view of this, no attempt was made to correct 
the raw data in any way. 

Figure 1 shows the mean number of offspring per female for 
females of the various dominance ranks. There is a significant | 
correlation between these two variables (r, = 0.667, n = 8, | 
P < 0.05), and a linear function has been fitted to the data by | 
the method of least squares. In practice, a linear function is 
a priori unlikely, because, no matter how low a female’s domin- 
ance rank may be, she will have sorhe finite (albeit small) 
probability of repreducing. But, fitted exponential and hyper- 
bolic functions give only marginal increases in goodness of fit. 





+ 
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2 y=181 


~ 0.08. 





Mean no. of offspring per female 


2 4 6 8 
Dominance rank 


Fig. 1 Relationship between the mean number of offspring per 
female and rank in the female dominance hierarchy (see text for 
details). 


Since the linear function does not yield a zero value for repro- 
ductive output until the equivalent of rank 23 (a value well 
beyond the normal range of unit size for this species*), a linear 
approximation is quite adequate for most purposes. 

Two alternative explanations for these results might lie ina 
confounding of variables. First, it could be argued that, as the 
number of females in a unit increases, mutual interferenee 
among them might result in a lowering of each of their individual 
reproductive rates by the same amount. The fact that the 
samples for low ranks are based on large untts, whereas those 
for high ranks are based on both small and large units, will 
tend to bias the results in favour of the latter. Consequently, 
the average output would seem to be higher for dominant 
females than for subordinates, although there was no under- 
lying relationship bet®een dominance and reproductive success. 
That this is not so in the present case can be shown by compar- 
ing the reproductive outputs of the top three ranking females in 
small units (four or five females) with those of the top three 
females in large units (six to nine females). The former averaged 
1.889 offspring per female, compared with 1.778 for the latter: 
the difference is not significant (randomisation test: t=0.509, 
d.f.=16, P > 0.0). Second, it could be argued that, because 
the number of offspring a female can expect to have will be in 
part a function of her age, the results obtained could be due to a 
relationship between age and dominance rank. It cam be shown, 
however, that there is no significant relationship between 
these two variables; furthermore, it can also be shown that, 
while there is a relationship between age and number of off- 
spring, this is independent of the relationship between domi- 
nance and number of offspring (unpublished data). 

The available evidence suggests that dominant females 
achieve this reproductive differential by harassing subordinate 
females, thereby causing them to undergo more oestrous cycles 
before conception than do dominants. This can be seen from 
two relevant sets of data. 

First, Fig. 2 compares the frequencies with which a sample of 
nine females were harassed by females in their units who were 
more daminant to them when they were in oestrus and when 
they were out of oestrus. For these purposes, oestrus is defined 


Fig. 2 Mean frequency of attacks received from the more 

dominant females of their units by females who were in the 

oestrous and anoestrous parts of the menstrual cycle (vertical 
bar gives | s.d. either side of the mean). 


0.30 


Atiacks per hour 





Anoestrus 


Ocsirus 
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as the part of the menstrual cycle during which the areas of 
sexual skin are surrounded by fluid-filled vesicles, sexual 
activity being most common during this period’. The 
difference between - ie two CORTON: ae A (ran- 


being about 50% more common during ee akan during 
anoestrus. 

Second, an examination of (1) the order in which sets of 
females which were synchronised in their menstrual cycles 
stopped cycling and (2) the order in which sets of 
females who gave birth within a period of 2 months of each 
other did so indicates that the order of (probable) conception 
corresponds closely to the order of dominance ranks. To 
maintain statistical independence, the data were analysed by 
considering only successive dyads in each set: in other words, 
triads, for example, were treated as two sets of successive 
dyads, 4-with-B and B-with-C. On this basis, there were nine 
dyads in each of the two data groups, of which only two dyads 
in each case were in reverse order of dominance (binomial 
tests: P=0.09 in each case, #==<9). Combining probabilities by 
the method edue DA FERT eNe x? =9,632, which, wan 


that order of conception tends to follow order of ‘dominance 
ranks. 

The precise modus operandi of this process is uncertain, but 
suspicion rests strongly on the likelihood that harassment 
during oestrus results in a disruption of the female’s ovulatory 
cycle, either by causing it to be anovulatory or by precipitating 
spontaneous abortion of the ovum before or soon after fer- 
tilisation. Two lines of evidence support this interpretation. 
First, no differences could be found between dominant and 
subordinate females in either the rates of mounting or the 
frequencies of ejaculation received from their males. Further- 
more, no female was ever observed to actively interfere with the 
solicitations or copulations of other females. Second, there is 
circumstantial evidence from captive studies of both Thero- 


y t , : tas he ieee ea Ad < 
_pithecus agd Papio that intense aggression and/or stress can 


result in the sudden, premature termination of oestrous 


cycles??? 
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Assessment of egg load 

by Pieris brassicae (Lepidoptera: Pieridae) 
ly offered a choice of cabbage or Reseda the, large white 
butterfly (Pieris brassicae) first lays a certain number of 
eggs on the former food-plant and then oviposits on Reseda. 
We have found that several cues enable the butterfly to 
‘assess’ the egg load present on a plant or leaf, and at 
the appropriate moment switch to the previously less 
acceptable species. Overloading is thus avoided. Feeding 
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larvae and damaged foliage are also deterrents to ovi- 
position. 

- Egg-laying females (of the Cambridge and Oxford strain 
of P. brassicae’), confined in net-covered cages, were offered 
a choice of two cabbage leaves from the same plant, 
matched for age, position on the stem, size, shape and 
texture. Damaged leaves and those bearing signs of mildew, 
aphid or slug infestation were discarded. One whole plant 
(with a control) was offered on which P. rapae had ovi- 
posited. The types of leaves used, with their treatment, are 
shown in Table,!. To avoid position effects, leaves were 
a transposed periodically. $ 

= = We found that P. brassicae lay a reduced number of 
Eggs. on leaves bearing their own eggs; model plastic eggs; 
crushed egg fluid; body fluids pressed from the tips of 
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egg fluid or body fluids, or from which ‘eggs had been 

removed, indicates that airborne cues associated: with the 

presence of eggs are appreciated from a distance: k 
Similar results were obtained wigh recently- damea 


leaves and crushed leaf extract painted on the surface. The. 


reduction in the number of settlings after contact with E 


experimental leaves carrying a heavy egg-load, or smeared = ` 
indicates that EE as E 


with egg fluid (Table 2), 
through the ‘tarsi* ajso occurs. 


The relative increase in the number of small egg batches a 
(1-10) and the associated paucity of large batches (60 up- 


wards) anda lack of orderly linear arrangement of eggs. on — 
experimental leaves, suggests that the female experiences“ 
disturbing or discouraging elements while in the act of —— 
laying, some of which may be perceived through the tip of = = 





Table 1 P. brassicae ovipositing in experimental situations on cabbage leaves 





Condition of leaf No. of trials No. of eggs trials Remarks ee 
ea laden 1,129 $3 leaves without eggs; none with > 150 eggs 
45 on 
Clean 6,913 No leaves without eggs; 16 with > 150 eggs 
Ver with P. brassicae egg fluid “317 (7 batches) 3 leaves without eggs | 
6 . 
Smeared. with distilled water e 1,410 (34 batches) No leaves without eggs 
d 
i P. brassicae eggs brushed off surface 858 (25 batches) 1 leaf with under 10 eggs; none with 150 eggs 
l1 , . | 
Surface brushed only 3,199 (93 batches) All leaves with Wer 10 eggs; 1 leaf with > 150 eggs 
With yellow model eggs attached 70 (4 batches) The 2 sometimes investigates. model egg batches by 
: 9 i extending the proboscis and drawing it back and 
Clean 750 (68 batches) forth over the surface like a bow across a violin 
With first instar larvae feeding | 140 (14 batches) 
i 4 i , fe 
Clean (treated with crushed cabbage 750 (68 batches) Contrast would have been greater on a clean. leaf 
extract in 2 trials) ° ° without extract 3 
{ere by feeding larvae 628 (18 batches) 2 
8 * 
Undamaged 2,663 (74 batches) 
Smeared with tip of $ abdomen 234 (15 batches) The leaf may have also been contaminated with 
8 egf fluid, haemolymph, mecomium and fluid 
Smeared with distilled water 2,880 (67 batches) from the gut . 
‘on cabbage (red drumhead cultivar) 40 (3 batches) 
2 
Green cabbage (greyhound cultivar) 2,008 (58 batches) | 
White (heart) leaf from same 313 (13 batches) Larvae only very rarely metamorphose when: 
plant as control reared on cabbage ‘hearts’ , 
Ness leaf (lower of spring cultivar) | 2,658 (84 batches) w 
Old (growing) 874 (19 batches) This also applies if whole young sates are e matched 
7 ; 3 against t older Oi | 


Young (growing) 





female abdomens; feeding caterpillars; and leaves from 
which egg batches had been removed. They were not in- 
hibited by larvae placed on a leaf surface, by. model cater- 
pillars or by an airstream with larval odour. The most 
powerful deterrents were feeding larvae and certain plant 
extracts’ (Tables 1 and 2). 

The butterfly’s response to yellow sasie eggs or yellow 
patches painted on the leaves (a single trial) indicated that 
visual cues contribute to the selection of suitable leaves. 
Similarly the repellant effect of the eggs was reduced if 
they were dyed green. Vision may also play a part in the 
rejection of leaves on which larvae are Feeding. or which 
display old damage, holes and emarginations’. 


The reduction in number of aerial visits- (without leaf n 


contacts) to plants and leaves bearing hidden eggs, crushed 


1,008 (42 batches) 


the abdomen. This was also intimated by ie behaviour of = 
females attempting to lay on paper leaves (Table DY. Sasi 


The colour and shape of eggs, if visible to the approaching we 
butterfly (Table 1) represent one aspect of the deterrent, but. 


our experiments indicate that an airborne phesomone-like 
emanation associated with the egg is the most important 
factor discouraging the fluttering female. After the removal 
of egg batches, leaves could still inhibit oviposition (Table 
1), suggesting that the female, while laying, adds a deter- 
rent marker to the eggs, either incorporated in the cement 
(which is difficult to remove from, the leaf. surface) or con- 


sisting of a discrete secretion of the accessory glands asso- 


ciated with. the reproductive organs or genitalia, or the 
ovaries themselves. | 
Experiments using the small white (Pieris rapae) and 





354 A, 
the monarch (Danaus plexippus) both of which lay eggs 
singly, suggest that a similar mecffanism in these butter- 
flies limits overloading of the host plant (Table 3}. Whereas 
the large white chiefly depends on tarsal contact for testing 
the suitability of the leaf, the small white uses the tip of 
the abdomen, while the ovipositing monarch generally taps 
the leaf surface with the antennae after settling, although 
vision seems to have a role where larval infestation is con- 
cerned. W. W. Brandt (personal communication) has seen 
birdwings (Ornithoptera) in New Guinea apparently search- 
ing Aristolochia vines visually (starting from the bottom and 
working upwards) and flying off should they discover the 
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and around the eggs after oviposition and:in ovarial tissue 
(but not in accessory gland extract) is said to elicit host 
area searching in an egg~larval parasitoid’. In the case of 
the cherry fruit fly (Rhagoletis cerasiyand related species** 
marking of the host plant is affected: by active spreading of 
the repellant. across the fruit surface by the ovipositor. In 
P. brassicae it seems that the pheromone-like repellent is 
excretéd on to the leaves or, as in Heliothis, is present in 
the tissue or covering of the egg itself. 

It was not surprising that P. brassicae responded more 
positively to feeding larvae than to its own eggs, since such 
a threat to the food source is ynmediate and certain. It 





Table 2. Behaviour of ovipositing P. brassicae and evidence of airborne and contact cues — 


Cabbage leaf treated with No. and Aerial visit Visits with Settling off leaf- No. of eggs . 
plant extracts or egg duration (h) without leaf | (wings folded but 
į material of trial contact contacts* no oviposition) 
\ Catone plant extract (5 species tested) 125 i ® 27 15 136 
ey 7 trials 
Cabbage leaf extract 8 243 47 48 812 (-+ [4 batches NC) 
Daw plant extract (3 species tested) ° 16 35 23 271 (+9 batches NC) 
o 3 trials 
Cabbage leaf extract 5 18 4i 21 175 (49 batches NC) 
e 
( Cheiranthus extract (containing ” 59 NC NC 26 
J attractant and repellent) 
10 trials 
Cabbage leaf extract a 10 168 NC NC 602 
P. brassicae eggs on cabbage leaf NC 8 Nil Nil 
ad & i trial i 
Clean cabbage leaf | NC 33 3 2 egg batches 
{ Crushed P. brassicae eggs on upper 24 NC NC 2 egg batches 
surface of cabbage leaf : 
2 trials 
Cabbage leaf extract 2 48 « ° NC NC 6 egg batches 
P. brassicae eggs brushed off surface NC 14 2 30 (2 batches) 
of cabbage leaf À. 
2 trials l å 
Cabbage leaf (surface brushed) _ 2 NC 1} Nil 270 (14 batches) 
P. brassicae eggs removed from a 38 NC 62 893 (25 batches) 
surface of cabbage leaf 
5 trials ° 
Clean leaf (surface brushed) 13 43 NC 116 2,366 (76 batches) 
Green paper leaf+. distilled water on surface 69 NC WC Nil 
2 trials ’ 
Green paper leaf -- cabbage leaf extract 2 | 82 NC NC 4 ney ovipositingt 
b 1 batch 





NC, not counted, 

*The. leaf was touched with-the feet or wings but fluttering continued until the butterfly flew away. 

+These females went through all the motions of laying egg batches but only in one case actually extruded eggs. The small white butterfly 
a Re regularly te tests the leaf with the enp of the abdomen and then decides whether or not to lay, but this is unusual for P. br assicae. 


i presence of an ‘egg on a leaf. If such an egg is removed, the was also to bẹ expected that deterrents found in lethal food 





next female searcher will lay on the plant. — 

Similar undetected deterrents associated with eggs gaiu 
feeding larvae may be widespread among the Lepidoptera. 
‘This coule explain the development by some plants, such 
as Passiflora, of faked eggs’ and larva-like stipules’. Such 
a response tò heavy ‘butterfly predation assumes visual 
assessment by the laying female. It would be interesting to 
investigate the scent of these plant-part mimics, especially 
the faked eggs. — 

“Repellent markers haye not been recorded in the Lepi- 
doptera before, but have been, described in entomophagous 
parasites as a means by which the female prevents over- 
parasitisation of the host". A chemical associated with the 
eggs of the noctuid moth Heliothis virescens, present on, in 

e 


plants (for example, Cheiranthus cheiri (wallflower) and 
Erysimum (treacle mustards) (refs. 2 and 10 and unpublished 
results)) which also contain the usual cruciferous oviposi- 
tion and feeding stimulants, would be both powerful and 
decisive in their action. Moreover, the quality of the 
deterrent is marvellously suited to the large white butter- 
fly’s lifestyle, for it neither inhibits nor reduces egg laying 
too drastically. By urging the female, fluttering among the 
cabbages, to ‘try her luck’ just a little further on, it ensures 
the dissemination of her progeny on suitable. foliage: 

We thank Howard Hinton for help with the literature, 


Brian Gardiner and Claude Rivers for: replenishing. our 


stocks of butterflies and for useful. advice, and Bob Ford 
and J. Meerman for technical assistance. 
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 Table3 Experiments with ovipositing P. rapae and D. plexippus 


amen te 











Alternatives offered Duration of No. of Remarks 
to P, rapae experiment eggs 
{ Leaf of green cabbage 
| (greyhound) 4 trials 105 m 
: Leaf of red cabbage Lh i 
L (red drumhead) {2 
Cabbage plant in pot 254 
ok 12 h* : 
Ú Tropaeolum plartt in 196 — Eggsalso laid on 
pot - ° flowers 
p |-leaved clean 
<1 cabbage plant 245 a 
Be 12 h* 
| T3-leaved egg-laden 
| cabbage plant 429 ca 
. f Single clean cabbage (a) 4 trials (a) (b) 
leaf 30 min 60 187 
Single egg-laden (b) 1 trial (a) (b) e  * 
cabbage leaf 3h 14 116 
f Clean cabbage leaf 86 52 contact visits 
| 2h i 
< Cabbage leaf with 80 
| eggs crushed on 2i 25 contact visits 
L underside Bi ® | 
Clean cabbage leaf 00 n 46 a 
4 tt 


Leaf with batches of E 
P. brassicae eggs 20 PEN 
L crushed on surface 


{ Clean cabbage leaf 29 very keen to 
| (underside brushed) 66 lay and clean leaf 
| trial — became 
Cabbage leaf with 1S min» overcrowded 
| 1233 abdomens lightly ! 4s 
| brushed on underside ° š 
(Small clean cabbage 
leaf (lightly brushed 133 
onginderside) 3 trials : 
: 40 min 
| Small leaf from which S3 
90 eggs were lightly l 
7 i brushed off underside 
* 
Alternatives offered 
to D. plexippus . l 
A. curassavica clean . | F near end of 
* plant 7 281 egg laying 
3 trials m 
A. curassavica egg-laden 30h -243 
{ A. curassavica clean 99 near end of 
| plant 3 aves 112 egg laying 
I 
| A. curassavica with 40 


L feeding larvae 
ARS 
In the absence of leaves, P. rapae will oviposit on objects in the 


cage whereas P. brassicae dies without laying eggs. 
*When the favoured leaf becomes egg laden the çontrast declines, 
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Tumours and viruses in _ 
mice injected with plutonium 


THE g-particle emitting plutonium is, at present, the bde: 2 
element of greatest public concern. For man, however, the best. 
evidence of damage from a-particle emitters in bone concerns: 
radium, for which the pattern of deposition differs from that 
plutonium. We report here an experiment designed to compar 
effects of plutonium in mice with those of radium, previously: - 
reported '-. nae 

The specific questions we considered were (a) Do plutonium- 
induced tumours contain viruses? (b) Does sex affect the viral - 
status or incidence of tumours? (c) Are the tumours similae to those | 
induced by radium? (d) Are they variable with dose and: time, or 
different irradiation chimaeras’. 

The solution injected intraperitoneally was minimally polymer- 
ised plutonium (predominantly **’Pu) citrate* passed through a 
25-nm Millipore filter. 

The design of the experiment and distribution of tumours in 
each of eight separate groups of animals are shown in Fig. 1. No 
controls are included in Fig. 1, but for 15 CBA/H female controls 
carefully examined earlier, and hundreds of normal CBA/H mice 
maintained until death buf less rigorously examined, no osteosar- 
comas were observed. The median lifespans of untreated male and 
female mice are about 24-28 months beyond the age of 3 months, 
when treated mice were injected. These figures differ little from 
those of CA/H mice injected with 10 nCi ?3°Pu (22 and 264 
months, respectively; Fig. I). 

In chimaeras CBA 7676/A, 9/20 males and 14/20 females 
developed , osteosarcoma after 100nCi ?3°Pu. Genetic tests by 
passage? of these tumours and one skeletal haemangigsarcoma, 
confirmed that they ogiginated from hosttissue. 

In natural mice given 100 nCi, leukaemias were observed in the. 
same number of animals as osteosarcomas, 2/10 males and 5/10 
females. After 30.nCi, osteosarcoma occurred in 4/10 male.and 
8/10 female mice. After 10 nCi, no osteosarcomas were observed in 
male mice but 9/10 died of other tumours including four car- 
cinomas, two fibrosarcomas, two reticulum-cell sarcomas andone 
possible haemangiosarcoma: in females, however, osteosarcoma 
was the commonest tumour (6/10), accompanied by carcinoma. in 
three, and two mice died early with reticulum-cell sarcoma. : 

Osteosarcoma is more readily induged in female than male mice, 
owing to the response of murine bone to oestrogens” (though in 
man the natural incidence of osteosarcoma is higher in males than .- 
females® 7). a 

The high incidence of tumours other than osteosarcoma, though __ 
unexpected, could agree with observations for rats inhaling soluble _ 

“38Pu (ref, 8) and rats injected with various bone-seeking 
radionuclides’. Regarding leukaemia, though a small incidenceof 
myeloid leukaemia’? and ` 






In CBA with a natural incidence of about 1° (refs 11, 12), seven 
cases out of 20 at risk of gerferalised lymphomatosis (excluding 


thymus) with lymphoblasts in peripheral blood was striking. 


Leukaemias occurred earlier than osteosarcomas. Afo, there is a 
suggestion of an increase of early reticulum-cell sarcoma in 
animals given [0 nCi (the incidence in normal CBA mice is 5-10% 
(refs 2, 13) and of miscellaneous malignancies after 10 and 30 nCi, 
many at times later than the mean time for appearance of 


osteosarcoma (and so reminiscent of the late onset of specific 


carcinomas of cranial air sinuses in human radium cases, notably 
those with lower burdens of radium'*). The late onset may be 


related to the long reteption of radioactivity and immunological 
: E 


None o 


f the chimaeras, which have perhaps an even lower 
e : 









‘leukoses of the reticulosis type”? E 
-occurred in rats given plutonium, it has not been reported in mice. 
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Mice with 
osteo 
Mice 


at risk 


9/20 osteos* 
14/20 osteos * 


2/10 osteos* 
5/10 osteos* 


4/10 osteos* 


+ 


, B/IO osteos* 
O/IO osteos* 


- 6/10 osteos * 


Fig. 1e Design and results of the ex- 
periment involving i.p. injection of 
CBA/H mice and CBA 7676/A radi- 
ation chimaeras with 74°Pu citrate. 
Each mouse is represented by an in- 
dividual box. This is plotted with time 
after injection of varying doses of 
239Py citrate when the mouse either 
died or was killed. The types of tum- 
ours are indicated. O, osteosarcoma: 
H. haemangiosarcoma; L Jeukaemia ; 
C., carcinoma: F fibrosarcoma: R. 
reticulum-cell sarcoma. Multiple en- 
tries indicate multiple tumours. 
Samples examined by electron micros- 
copy are designated by the letter T 
followed by a number, for instance. 
T37. *osteo, Osteosarcoma: m. male: 
f female. 


incidence of all forms of lymphoma’* than natural mice, de- 
veloped leukaemia after 100 nCi. This may be due to a somewhat 
lower uptake of plutonium by bone marrow in chimaeras!®, Such 
chimaeras, however, have a low incidence (1/69) of generalised 
lymphoma induced by $ rays of °°Sr-°°Yeon donated haemat- 
opoietic tissue’” One might expect the 1,000 rad of whole-body 
irradiation given to the chimaeras to alter the normal cellular and 
humoral environment, but not to impair the expression of virus, 
rather the reverse!®. . 

The median liféspans of animals treated with 10nCi (24 
months) 30 nCi (20 months) and 100nCi (13 months for CBA/H 
mice and 1} months for chimaeras) were shorter than for untreated 
controls (26 months). Malignant disease, varying in type between 
groups, was a Major cause. 


micrographically. In osteosarcomas taken from chimaeras in- 
jected with 100 nCi 73°Pu, more virus particles were seen than in 
the other*tumours. In 16 out of 19 tumours examined, virus was 
seen, and ‘virus-like’ particles were seen in one other tumour. No 
virus was observed in either of two tumours examined from animal 
T85. Figure 2 is an electron micrograph demonstrating the typical 
type-C particles. Viruses were commonly found either lying within 
cytoplasmic vesicles or budding from endoplasmic reticulum 
associated with degenerate cells. No difference could be seen in 
morphology of viruses in samples taker from different tumour 
types. 

In the series no tissue taken from normal ribs of three CBA/H 
tumour-bearing animals showed any evidence of virus even after 
extensive search, though occasional viruses were seen in control 


Table 1 lists the viral status of tumours examined electron 
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Table 1 Viral status of *3°Pu-indu 





animals of an earlier study’. 


ced tumours 


oo Dose . s Time of Virus 
per mouse Sirain Sex ANL Tumour type Site of tumour appearance present or 
o a MC) Qo. (months) absent 

- 100 Chimaeras Male T37 Osteosarcoma Sacrum, 11 + 

CBA 76.T6/A Female T34 Haemangiosarcoma Sacrum 9 + 

T38 Osteosarcoma Sacrum 12 + 

CBA Male T29 Lymphoma Lymph node 7 4 

a i aga T43 Osteosarcoma Right ilium 7 14 + 

. Osteosarcoma Thoraci¢ vertebra 12 + 

Female T25 Lymphoma Lymph node 6 — ? 

T40 Osteosarcoma Ischio pubis 12 + 

Ea T49 Osteosarcoma Humerus 16 + 

30 CBA Male T48 Osteosarcoma Lumbar vertebra 5 15 + 

T54 Osteosarcoma Patella 17 + 

Female T55 Osteosarcoma Parosteal to humerus 17 7 + 

T64 Osteosarcoma Cranium 23 + 

. T66 Osteosarcoma Sacrum 24 + 

. . T70 Osteosarcoma Sacrum 25 + 

l T74 Osteosarcoma Scapula 26 + 

10 CBA Female ® T47  Reticulum-cell sarcoma Liver 15 + 

T85 Osteosarcoma Rib 32 ~~ 

Carcinoma Lung _ 








| 
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Fig. 2 Electron micrograph of a portion of tissue taken from an 
osteosarcoma (T54) showing viruses lying within cytoplasmic vesicles 


or budding from the endoplasmic reticulum (+ 47.600). 
. 


The particles appear identical with those observed in osteosar- 
comas from CBA/H animals injected with 7*°Ra (ref. 1). This does 
not allow us, however, to implicate virus as the aetiological agent. 
Tumour tissue may merely provide a favourable environment in 
which virus can replicate sufficiently to be above the threshold of 
detection by electron microscopy. Three lines of evidence from 
current work in progress indicate that viral action need not be 
involved in radiation-related tumorigenesis. First, animals sub- 
jected to a procedure of immunisation with homogenates of 
tumour tissue and subsequently injected with *7°Ra Yevelop 
osteosarcoma to about the same extent and in the same time as 
unimmunised controls'®. Second, a single « particle directly 
hitting the nucleus may be insufficient to kill the cell*°, contrary to 
what some have previously supposed. Hence, survival of some cells 
with alteration of DNA is probable after a direct hit on the nucleus, 
and may lead to malignancy without the intervention of virus. 
Third, cells irradiated im culture with « particles have been 
transformed?', ina manner similar to that shown by other workers 
using y rays*? and chemical agents**, where transformation was 
shown to be independent of virus expression. 

Our results need confirmation with larger groups of animals and 
smaller doses of plutonium (the lowest dose used led to a 
concentration about a thousandfold greater than that occupa- 
tionally permissible to man). 

We thank Faustina Mackevicius and G. T. Chubb for technical 
assistance in the electron microscope studies. This work was 
performed under the auspices of the MRC and USERDA. 
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RD-114 and feline leukaemia 
virus genome expression in 
natural lymphomas of domestic cats 


THE widespread distribution of endogenous type C viral genetic 
sequences in many different vertebrate species!:? is now well 
established. The biologic implications of the presence of such 
endogenous type C viral genomes, especially with respect to 
normal and neoplastic growth, are at present of considerable 
interest®. The domestic cat (Felis catus) offers a unique model 
system for approaching this question, because of its ready 
availability, outbred nature and relatively short lifespan. 
Moreover, the genetic information of its endogenous xenotropic 
virus (RD-114) is distinct’ frm that of feline leukaemia virus 
(FeLV), a horizontally transmitted, infectious type-C virus of 
this species. RD-114 virus® is generally non-infectious for cat 
cells? and its pathogenicity is undetermined, whereas FeLV is 
known to be leukaemogenic under natural’ and experimental" 
circumstances. The genetic information of RD-114 has been 
demonstrated in the DNA of domestic cats’~" and their close 
relatives, but not in more distantly related species of the genus 
Felis‘*. Both transcriptional? and translational products of the 
endogenous RD-114 viral genome are also found in certain 
instances in the absence of complete virus in normal cat tissues. 
FeLV and RD-114 gene expression at the transcriptional and 
translational levels in domestic cats has been examined here in 
relation to naturally occurring lymphoma. Results indicate a 
significantly higher level of RD-114 transcription and translation 
in most lymphoma tissues compared with normal tissues. 
Although FeLV expression is also pronounced in lymphomas, 
this generally reflects the presence of infectious FeLV. In general, 
however, only the lymphomas from the younger cats. show 
significant levels of FeLV gene expression, whereas RD-114 
expression is high in lymphomas of both young and old cats. 
Although the relationship of this enhanced expression of the 
RD-114 genes to the neoplastic process is unknown, these 
findings indicate that certain functions of the endogénous 
RD-114 viral genome are closely associated with the develop- 
ment of lymphoid tumours in the cat. 

Nucleic acid and antigenic differences between RD-114 and 
FeLV made possible the measwrement of the expression of viral 
information for both viruses in the same tissues at the RNA and 
structural protein levels. The transcription of virus-specific 
RNA in the tissues was determined by molecular hybridisation 
using *H-labelled single-stranded DNA products (@H-cDNA) 
complementary to viral nucleotide sequences and the S, 
nuclease method of assay. The levels of the 30,000 molecular 
weight major structural protein (p30) of both viruses were 
determined on the same tissues by cqmpetition radioimmuno- 
assays. Sixty histologically normal tissues from 47 cats free 
from cancer and 55 lymphoma tissues from 31 lymphomatous 
cats were assayed for the RNA and p30 of RD-114 and FeLV. 
The normal tissues examined included spleen, liver, and 
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Fig. 1 Measurement of RD-114- afid FeLV-specific RNA. and 


p30 in normal and lymphoma tissues of cat. Viral RNA con- 
centrations were determined by molecular hybridisation of tissue 
RNA with viral®H-cDNA using the S, nuclease assay. Total 
tissue RNA was prepared following a modification of a pub- 
lished procedure®. 3H-cDNA was synthesised using a modified 
procedure of Benveniste and Scolnick”. Briefly, purified *? 
RD-114 virus or FeLV (Gardner-Arnstein strain) grown in the 
human rhabdomyosarcoma (RD) cell line’ was incubated at 
37 °C for 4h ın a reaction mixture containing 0.024 mM *H-dTTP 
(92.9 Ci mmol7!), 3 mM each of dATP, dGTP, dCTP, 20 pg ml ~? 
actinomycin D, 60 mM KCI, 6 mM Mg(CH,COO),, 5 mM 
dithiothreitol, 40 mM Tris-HCl, pH 8.0, and 0.02% Nonidet 
P-40. 3H-cDNA was shown to contain representative transcripts 
by its ability to protect **P-labelled viral RNA from digestion by 
RNase A and T, (ref. 23). RD-114 2H-cDNA hybridised with 
78% of the viral RNA at a 3H-cDNA to ?*#P-viral RNA ratio of 
1.0. FeLV 3H-cDNA protected 67% of FeLV viral RNA at the 
same ratio. The viral RNAs were prepared as described pre- 
viously*, The specificity of the probe ‘was shown by the ability 
of RD-114 cell and viral RNA to protect 95% and 100%, 


respectively of the RD-114 7H-cDNA from S, nuclease digestion, 


whereas only 3% and 2% of the probe was protected by FeLV 
viral- and FeLV-infected RD cell RNA. FeLV *H-cDNA 
hybridised at 51% and 56% with homologous infected cell RNA 
and viral RNA, respectively, whereas only 2% and 5% of the 
IH-cDNA hybridised to heterologous RD-114 cell and viral 
RNA. All hybridisation reactions were carried out in 10 yl 
containing 0 3 M NaCl, 003 M Na citrate, 005% SDS, 0.02% 
diethylpyrocarbonate, 500-800 c.pm ‘H-cDNA (77x 107 
cpm. ug’) and various amounts of tissue RNA in sealed 
capillary tubes at 68‘C for 16 h. Hybridised fractions of 
3H-cDNA were determined by TCA-precipitable radioactivity 


after digestion with 35 ug ml ~! S, nuclease in a reaction muxture, 


containing 0.17 M ZnCl, 27 mM Na acetate (JH 45), 011 M 
NaCl and 17 ug ml- heat-denatured salmon sperm DNA for 
70 min at 45 °C. Concentration of RNA x time of incubation 
(C,t) values up to about 3 x 10! (gorrected to a monovalent cation 
concentration of 0.18 M; ref. 25) were generated with tissue 
RNA and the concentration of virus-specific RNA per mg 
cell RNA was determined by comparison of the C,t value at 


20% level of hybridisation with that obtained using viral RNA. - 


The lower limit of sensitivity vamed between 5-10 ng virus- 
specific RNA per mg cell RNA, depending on the amount of, 
tissue RNA available for the assays. Tissues with undetected 
levels of RNA weie arbitrarily listed as 5 ng per mg cell RNA. 
The thermal denaturation of hybrids formed between the RNA 
from two tumour tissues and the }H-cDNA probes of RD-I14 
and FeLV was determined for comparison with the correspond- 
ing T, values dbtained with*RD-114 and FeLV-infected cell 
RNA. The hybrids exhibited a similgr Tm (81.5°C in 0.3 M 
NaCl, 0.03'M Na citrate, 0.05% SDS), indicating that most of 
the viral RNA generated in the tissues was closely related to the 
RNA produced in the virus-infected cell cultures. The values 
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kidney; most of the lymphomas were located in the spleen, 
lymph nodes, kidney, and a few wereein the liver, thymus, and 
other tissues. The presence of infectious FeLV was determined 
in each cat by the indirect immunofluorescent antibody test 
for cytoplasmic FeLV p30 antigen in leukocytes and platelets of 
fixed peripheral blood or bone marrow smears. This test has 
proved to be a reliable index of systemic infection with FeLV 
(ref. 15). : 

The results summarised in Fig. 1 demonstrate that the levels 
of expression of RNA and p30 of either RD-114 or FeLV 
generally ‘segregate into two distinct groups, one representing 
normal and the other lymphoma tmsues. The majority of values 
for the normal tissues cluster below 10 ng per mg cell RNA or 
protein. In contrast the levels of both RNA and p30 of the 
endogenous xenotropic virus, RD-114, were considerably higher 
in the lymphoma tissues. In general, a good correlation was 
observed between the presence of RD-114-specific RNA and 
p30 in lymphoma tissues, with the exception of a few tissues 
which exhibited low but detectable levels of RNA expression 
in the absence of p30. This findimtg suggests that, although 
transcription of the RD-114 genome may occur in certain feline 
lymphomas, the entire genome is not necessarily translated. 
Many but not all of the lymphomas also exhibited elevated 
levels of FeLV RNA and p30 as compared with the normal 
tissues. Interestingly, most of the FeLV p30-negative lymphomas 
originated from older cats. As shown in Fig. 2, in which 
animals < 5 yr of age have been classified as younger cats and 
those < 7 yr as older cats, a general correlation was observed 
between the age of cats and virus gene expressions in their 
lymphomas. Whereas RD-114 RNA and p30 were expressed in 
the lymphomas of both younger and older animals, FeLV 
expression seemed to be most prevalent among cats < 5 yr of 
age. All but two lymphomas from cats of this younger group 
contained FeLV RNA (> 25 ng mg~) and high p30 levels 
(= 180 ng mg~!) Moreover, there was an excellent correlation 
between elevated p30 levels and systemic infection with FeLV 
‘in these younger cats!*, Thus, the detection of FeLV p30 and 
RNA expression tn these animals probably reflected the presence 
of horizontally transmitted infectious FeLV. The vast majority 
of the lymphomas from the older cats, on the other hand, did 
not contain detectable ‘FeLV p30, although some exhibited 
levels of RNA significantly higher than those found in normal 
tissues. The presence of RD-114 gene products and low or no 
expression of‘ FeLV genes were consistently observed in multiple 
lymphoma tissues of individual old cats (data not shown). 

The geometric mean values of the data and the statistical 
significance of the observed differences between the norma? and 
lymphoma tissues from old and young cats are summarised in 





(ng per mg cell protein) of p30 were determined by group- 
specific competition radioimmunoassays using '?*l-labelled 
p30 antigen of FeLV and RD-114 as probes**. Cell extracts 
were prepared by homogenisation of tissues ın equal volumes 
of 001'M Tns-HCl, pH 78, 0.1 M NaCl, 0.5 mM EDTA and 
0.5% Triton X-100, sonication for | min by use of a Biosonic IL 
sonic oscillator, and clarification by centrifugation for I h at 
100,000g. Antisera prepared in goats to either FeLV or RD-114 
and’ serial twofold dilutions of competing tissue extract were 
incubated et 37°C in 015-ml reaction mixtures containing 
10 mM Tris-HCl, pH 7.8, 10 mM EDTA, 0.4% Triton X-100, 
1% bovine serum albumin, 0.1% normal goat serum, 10 mM 
NaCl, and 300 pg ml- phenylmethane sulphonyl fluoride. 
About 10,000 c p.m. !*J-labelled FeLV or RD-114 p30 ın 0.05 ml 
of the same buffer were added and incubation continued for 3 h 
at 37°C and a further 18 h at 4°C. Antigen-antibody com- 
plexes were precipitated by the second antibody technique and 
radioactivity in the precipitates measured in a Searle model 
1285 gamma counter. Levels of p30 in extracts, expressed as 
ng per mg cell protein, were calculated on the basis of dis- 
placement of the competition curve for the unknown relative to 
that achieved with purified viral antigen. Cell protein deter- 
minations were performed according to the method of Lowry”. 
The lower limit of sensitivity of the competition radio- 
immunoassay was 2 ng per mg cell protein. Tissues with un- 
detectable levels of p30 were arbitrarily listed as 1 ng per mg of 
cell protein, ©, Histologically normal tissues from cats free of 
cancer; @, lymphoma tissues, 
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Table 1 Virus-specific RNA and antigen (p30) expression in normal and lymphoma tissue, of cats of different age groups 
Young cats (<5 yr) Old cats (= 7 yr) | 
Normal Lymphoma Normal ' Lymphoma pat 
+ + . : 
Virus Assay (35) (32) P (24) (22) P 
saan RNA AS 46.1 CC Q0005 ee BA 2 OSB < 0.0005. 
A p30 16 48.3 < 0.0005 13 590 <0,0005 . 
| _ RNA 58o 81.7 <0.0005 18 OT <0.0100 
FeLV a : 
p30.—=ié Lh? 414.0 <0.0005 24. 2.3 sa 


“Viral RNA and p30 concentrations were (determined as summarised in Fig. 1. Values within parentheses represent the seabed of tissues 
tested. The geometric mean values listed represent ng virus-specific RNA or p30 per mg cell RNA or protein. P values were calculated using 


| pales Student's ¢ test of the logarithmic values of the ng mg ` data. 


Table 1. The differences in the expression of RD-114 genes in 
the lymphoma and normal tissues, at RNA or p30 level, are 
highly significant (P < 0,0005) irrespective of the ageof thé cats. 
Equally significant is the difference in the FeLV gene expressions 
in the lymphomas of young cats and the normal tissues from the 
corresponding age group. In contrast, no significant difference 
was found in the FeLV expression at the p30 level between the 
lymphomas from old cats and the corresponding normal tissues. 
The data suggest, however, a significant transcriftion of FeLV 
RNA in the absence of detectable p30 in a few lymphomas of old 
cats. Since sequences related to FeLV in the absence of infectious 
FeLV can be detected in the genomes of domestic cats! 
this transcription could represent either expression of these 
endogenous FeLV sequences, or subinfectious expression of 
exogenous FeLV acquired, perhaps, at an earlier age. Thus, it 
seems that the expression of the endogenous xenotropic RD-114 
virus information is closely associated with lymphomas tn cats 
of all ages, whereas FeLV related gene expression if primarily 
associated with lymphomas of younger cats. The absence pf 
FeLV gene expression in many older and a few younger 
lymphomatous cats confirms our earlier findings based on other 
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Fig. 2 Virus-specific RNA and p30 expressions in lymphomas 

from young and old cats. Values were calculated as in Fig. l. 

Cats <5 yr of age were designated as young and = 7 yr of age as 

old. There were no 6-yr-old cats in this study. A, Young; 
A, old cats. 
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assays for FeLV (ref. 19), and suggests that, in these particular 
cats, spontaneous lymphoma may not be caused by Fa.V. The 
widespread occurrence of RD-114 viral gene. products in 
lymphomas suggests that expression of certain functions-of this 
endogenous virus may be involved etiologically in the develop- 
ment of spontaneous lymphoid tumours of the cat. The alterna- 
tive possibility, however, that elevated endogenous viral gene 
expression may be the result, rather than the cause, of neoplastic 
transformation cannot be ruled out by the present findings. It 
is Our hope that elevated endogenous viral gene expression, even 
if not causatively involved in lymphomagenesis, may provide 
a logical approach towards immunoprevention. 

We thank M. Akhavi, M. Busch and M. L Luetzeler for 
assistance. This investigation was supported in part by the 
National Cancer Institute afid by a Cancer Research Training 
Fellowship (to H.E.N.) under an NIH grant.at the University 
of Southern California School of Medicine. 
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Persistence of virus-specific 
memory B cells in mice CNS 


IMMUNOGLOBULIN (Ig) populations detected in the cerebrospinal 
fluid (CSF) in chronic viral infections of the central nervous system 
(CNS) differ from serum Ig with regard to the relative con- 
centration of antiviral antibodies!™*, their light chain ratio® and 
their heterogeneity®’. Such observations support the idea that 
antibodies are produced locally in the CNS®. But differences 
between CSF and serum Ig can also be explained in terms of the 
selective retention and accumulation of serum antibodies after 
passage across the blood-brain barrier®. Unequivocal proof of the 
local antibody production requires, however, that plasma cells, or 
their precursor cells, be isolated from the CNS. Intracerebral 
inoculation of mice with 6/94. a para-influenza type 1 virus!®, 
induces an immunologically mediated degeneration of the white 
matter which is related to infiltration of the brain parenchyma by 
mononuclear cells! !!?. In the study reported here, cells recovered 
from the brains of virus-infected mice Were investigated as 
described previously to analyse memory B cells reactive to 
influenza viruses!>!4. Virus-reactive memory B cells, that is 
immunocompetent cells able to generate, on antigenic stimulation, 
a clone of antiviral-antibody-producing plasma cells, were de- 
monstrated in the brains of mice infected intracerebrally with 6/94 
virus but not in the brains of mice injected intraperitoneally, 

BALB/c mice were inoculated intracerebrally or in- 
traperitoneally with 6/94 virus. At various times the 6/94-reactive 
memory B cells obtained from brain, blood and spleen of 
individual donor mice were counted in an adoptive transfer system 
described previously'3. Cells used for adoptive transfer were 
prepared as follows. Blood was withdrawn by heart puncture and 
red cells were lysed by incubation in NH, CI (ref. 15). White cells 
were pelleted through a cushion of calf serum '? and resuspended in 
a balanced salt solution (BSS). A spleen cell Suspension was 
prepared by gentle disruption of the spleen in a tissue homogen- 
iser'3, To obtain brain cells the brain was removed aseptically, 
rinsed in cold BSS, finely diced with a tissue chopper (Mclivain, 
Brinkman) and resuspended in ice-cold BSS. Large brain frag- 
ments were allowed to settle and the supernatant was withdrawn 
and spun for 8 min at 800g at 4 "C. The pellet was resuspended in 
BSS and mixed with a solufion of bovine serum albumin (BSA) in 
BSS to give a final BSA concentration of 21%. A discontinuous 
BSA gradient was prepared, as described by Shortman!*, by 
underlaying a 32°, BSA solution and overlaying BSS. The gradient 
was spun for 20 min at 3,000g. Cells that had accumulated at the 
interface between 32°% and 21%, BSA were collected, spun out of 
the BBA and resuspended in BSS. Between | and 4 x 10° viable 
cells (Trypan blue exclusion) were recovered from a single brain. 
The BSA purification of the brain extract was necessary because 
the intravenous injection of crude brain eluate produced a high 
death rate in recipient mice, probably caused by microemboll. 
Each cell preparation was then injected intravenously into lethally 
irradiated syngeneic recipient mice'*. Splenic fragments of the 
recipient mice were cultured individually (50-70 fragments per 
spleen) and analysed by radioimmunoassay (RIA)'* for the 
production of antibodies to 6/94 virus after secondary stimulation 
in vitro with 6/94. In these conditions, the number of antibody- 
producing splenic fragments has been shown to be correlated with 
the number of transferred precursor B cells! 3. 

The results of several adoptiye transfer experiments with cells 
from the brain of mice at various times after intracerebral or 
intraperitoneal inoculation with 6/94 aré shown in Tables | and 2, 
respectively. Two points are noteworthy. First, 6/94-reactive 
memory B cells could be demonstrated in the brain cell eluate from 
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Table 1 6/94-reactive memory B cells from mice inoculated 
intracerebrally with 6/44 virus 
Weeks after No. of anti-6/04 antibody-producing splenic 
ic. infection fragments per 105 transferred cells 
of donor 

mice” Brain Circulation Spleen 

4 0.9 (2/2.2) — 0.07 0.41 

5 10.0 (5/0.5) 0.25 1.0+ 

7 0.8 (2/2.5) 0.73 0,60 

9 < 0.2 (0/4.8) 0.82 2.04 

18 0.6 (3/4.8) 0.70 ¢ 0.80 

31 (10/half brain) e ND ND 

34 (None/half brain) < 0.2 1.10 


AS 

Toestablish that no background antibody production occurred withany 
given batch of recipient mice, each experiment included fragment cultures 
from lethally irradiated mice that had not received adoptive transfer of 
cells. All these control cultures in the experiments included in Tables | and 2 
were negative. F 

* BALB/c mice were inoculated intracerebrally (.c.) with approximately 
10° EID, of 6/94 and were killed at the times indicated and cells prepared 
for use in the adoptive transfer. Antiviral-antibody-producing splenic 
fragments were counted 12 and 15 d after their secondary stimulation i 
vitro with 6/94. 

+There were too many transferred cells for an accurate determination of 
precursor cell frequency. ND, not determined. Figures in parentheses show 
total numbers of foci observed per total number of transferred cells x 10°. 


all but two ofthe intracerebrally inoculated mice. Although the 
absolute numbers of detected foci per experiment was small 
(because of the paucity of cells recovered from brain) the relative 
frequency (per 105 transferred cells) of 6/94-reactive memory B 
cells was, in the positive experiments, of the same magnitude or 
higher than in circulation or spleen. Second, virus-reactive 
memory B cells seemed to persist in the brains of individual mice 
for at least 4-7 months after intracerebral inoculation. 

Our results (excluding the final two lines of Table 1), can be 
summarised to show that antiviral antibody was produced by 12 
splenic foci obtained after transfer of 14.8 x 10° brain eluate cells 
after intracerebral inoculation; conversely, no antibody was 
produced by any of the spleen fragments after transter of 9.7 x 10° 
brain eluate cells after intraperitoneal inoculation. It is thus 
evident that 6/94 memory B cells were detected in the braih eluate 
only after intracerebral inoculation of donor mice. Given that the 
number of 6/94-reactive memory B cells in the circulation was 
approximately the same after inoculatiog by both routes (Tables | 
and 2), and assuming that the degree of contamination of the brain 
eluate cells by circulating blood cells was the same in both 
intracerebrally and intraperitorfeally inoculated mice, we concl ude 
that the 6/94 memory B cells in the brain eluate cell preparation 
of intracerebrally inoculated mice were previously localised in the 
brain parenchyma and did not represent contaminating blood 
cells, This is supported by the results of experiments done 4 and 5 
weeks after intracerebral inoculation when, on adoptive transfer, 
the brain eluate cells produced 10-40 times (Table I) more splenic 
foci than did the same number of white blood cells of the given 
donor mice. 

In the analysis reported here, the comparison was between the 
number of 6/94-reactive precursor B cells and the total number of 
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Table 2 6/94-reactive memory B cells obtained from mice inoculated 
intraperitoneally with 6/94 virus 


Weeks after No. of antibody-producing splenic fragments per 
ip. infection 105 transferred cells 
of donor 
mice* Brain Circulation Spleen 
3 < 0.4 (0/2.4) 0.27 ND 
10 < 0.3 (0/2.9) 0.58 ND 
18 < 0.3 (0/2.8) 0.44 1.25 
34 < 0.6 (0/1.6) 0.20 0.92 


SOO EEan 


See legend to Table 1. 
*BALB/c mice were inoculated intraperitoneally (1.p.) with approx- 
imately 107-3 EID,, of 6/94. ND, not determined. 
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transferred cells, regardless of type. It would be more useful to 
correlate the number of /94-reactive precursor B cells with the 
number of transferred B cells. It is not known what proportion of 
the cells eluted from the brain consists of B cells, but it is presumed 
to be smaller than the proportion of B cells in white blood cells 
(approximately 20°, refs 16 and 17) or spleen cells (approximately 
40". ref. 18). Thus our data probably underestimate the actual 

difference in terms of absolute fi requency (per transferred Bcell) of 
6/94-reactive memory B cells in the brain of intracerebrally 
infected mice as opposed to the circulation or the spleen. 

This study provtdes the first direct evidence for the presence of 
virus-reactive memory B celfs in brain tissue of mice with a virus- 
induced neurological disease. A local immune response can thus be 
| maintained within the CNS. 

-This work was supported in part by grants from NINDS and the 
National Multiple Sclerosis Society.’ 
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H-2 gene expression is required 
for T cell-mediated lysis 
of virus-infected target cells 


EFFECTOR T cells generated during the course of virus diseases of 
mice interact only with virus-infected target cells sharing H-2K or 
H-2D antigenic specificities with the mouse strain in which the 
lymphocytes are sensitised'~*. The current interpretation* of this 
phenomenon is that the cell membrane component(s) recognised 
by the T-cell receptor(s) has characteristics of both self (H-2) and 
non-self (virus). Phenotypic expression of H-2 genes in the target 
cell would thus be essential for T cell-mediated immunity. Here we 
test this hypothesis using two teratocarcinoma cell lines (F-9 and 
PCC4 derived from strain 129 mice*-°) infected with lymphocytic 
choriomeningitis virus (LCMV). We show that the F-9 tumour 
cells apparently do not express H~2K or H-2D antigenic specifi- 
cities (Fig. 1, Table 1), and are also resistant to attack by 


°  5'Cr release 





6 12 25 50 
Ratio T cell to target 


Figi The F-9 teratocarcinoma cell is not lysed by alloreactive T 
cells specific for H~2° antigens, expressed on MC57G tumour cells 
and C57BL primary peritoneal macrophages. Cytotoxic effectors 
were generated by secondary stimulation of memory lymphocytes 
from BALB/c mice with mitomycin C-treated (50 ug mlb!) CS7BL 
spleen cells'*. The assay was incubated for 16 h at 37 °C and results 
are expressed as °; specific *'Cr release. 
e 
lymphocytes sensitised against LCMV. The PCC4 line, however, 
has remained multipotential and can give rise to various different 
cell types, at least some of which show evidence of H-2 gene 
function (Table 1) and are attacked by the appropriately sensitised 
lymphocytes. 

Equivalent amounts of cell-surface viral antigen are found on 
immunofluorescent examination’ of unfixed, LCMV-infected 
F-9, PCC4 and MCS7G (H-2 positive) targets. Maximal virus- 
specific T-cell effector function is, however, recognised only for the 
MC57G cell line (Fig"2). Apparently some PCC4 cells are lysed, 
but LCMV-infected F-9 cells are evidently not damaged by virus- 
immune lymphocytes (Fig. 2). Repeated experiments with the 
PCC4 targets Bave extremely variable results (from 21° to 90% of 
the virus-specific *'Cr release found for MC57G) and, although 
the two series of observations have not yet been made con- 
currently, the extent of H-2 antigen expression on PCC4 cells may 
also vary considerably (from 14% to 56%). The limiting factor in 
virus-specific T cell- -mediated immunity would thus seem to be H-2 
gene expression in the target cell. This is in accord with the 
observation that blocking of tumourSpecific effector T cells may 
be achieved by treating the targets (but not the lymphocytes) with 
anti-H-2 serum®-’, and with previous experiments using tri- 
nitrophenyl (TN P)-modified F-9 cells! °. 

Exposure of the cell membrane to TNP might be thought to 
induce direct alteration of the H-2 antigen, which would obviously 
not occur if the antigen is absent. However, infectious virusgwhich 





Table 1 
Mouse 
strain 
Target and H-2 anti-H-2K5 
cells type (33, 53, 54) 
F-9 129, H-2b <] 
PCC4 F 129, H-2%« 42 
MC57G CS7BL, H~2° 98 
Spleen 129, H-2b« — 96 
Spleen C3H, H-2k | 2i* 


d 
Presence of OR Ca dereal H H-2 ao 


% Positive a immunofluorescence 


anti- H-2Dè anti-H-2D> Normal} 
(2, 28, 59, 56) (2, 56) C57BL 
<i 5 4 
16 30 2 
ND 91 4 
99° ND 32* 
32* ND 33* 


a A Ak a E E RAN a aR a a a 


Mouse alloantisera 33, 28b and D--2 


reactive to the H-2 specificities shown above in parentheses, were supplied by the Transplantation and Immunology 


Branch, National Institute of Allergy and Infectious Diseases, NIH. Fluorescent rabbit IgG specific for mouse IgG heavy and light chains were purchased 
from Cappel Laboratories, Downington, Pennsylvania. All sera were used at a dilution of 1:10. 
* Reactivity is due to Ig-bearing B cells and antibody-forming cells in the spleen population. ° 
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Ratio of T cell to target 


Fig.2 The extent of specific lysis of virus-infected target cells by 

virus-immune effector T cells from C57BL mice injected with 1,000 

LD. of WE3 LCMV 8 d previously. The assays'° were incubated for 
16 hat 37°C. 


e 

has been introduced to the cell at a relatively low multiplicity (5 
LDs» per cell 48 h before assay), could potentially modify cell- 
surface structure in other ways. Perhaps the process of virus 
growth causes derepression of cryptic genes within the H-2 
complex, and the “virus-immune™ T-cell response is directed solely 
against abnormally expressed H-2 antigen'’. Alternatively some 
“interaction antigen” t> 1? may be formed, which is partly coded 
for by H-2 genes and partly by the viral genome. Apparently 
neither of these mechanisms, which could conceivably be inde- 
pendent of phenotypic expression of nermal H-2 antigen, operates 
in the virus-infected F-9 cell or is obviously relevant to the 
variability observed with PCC4. Perhaps the necessary genes have 
been deleted from the F-9 tumours although these cells express a 
closely-linked gene product which may be the embryonic equiva- 
lent of H-2 (ref. 14). ` 

Use of this experimental system also establishes that absence of 
H-2K or H-2D cell-surface antigens in no way facilitates lysis 
mediated by virus-immune T cells (differing in H-2 specificity) 
(Table 2). It seems likely therefore that the presence of foreign 
H-2K or H-2D determinants does not inhibit lymphocyte func- 
tion. Occurence of virus-specific cell-mediated immunity ap- 
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Table 2 Absence of H-2 does not facilitate lysis of different H-2 
specificity by virus-immune T cells 


% *1Cr release from 


Immune virus-infected targets 
spleen MCS7G F-9 BIO.A 
B10 (H-25) 39e Q 5 
Bi0.A (H-24) 0 | 78 
25 


CBA/J (H-2k) 0 0 





Mice were injected with 1,000 LD, of WE3 LCMV 8 d previously, and 
spleen cells and targets were mixed ina ratio of 30:1 (ref. 16). The BI0,A and 
CBA/J mouse strains share H--2K‘ antigenic specificities. The BI0.A target 
cells were peritoneal macrophages. 


parently depends on recognition by the lymphocfte of some cell 
membrane component coded for by the H-2 gene complex. The 
possibility that H-2K and H-2D antigens function as self- 
markers” in cell-mediated immunity? must be considered. 
This work was supported by grants from the National Cancer 
Institute, tHe American Cancer Society and the Multiple Sclerosis 
Society. 
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A recombinant in the major 
histocompatibility complex of the rat : 


WE report here a recombinant in the major histocompatibility 
complex (MHC) of the rat, and describe the properties of 
alloantisera directed at the recombined portions of one 
haplotype., The results are compatible with a structure for the 
rat MHC more closely resembling that of man than that of 
the mouse. 


DA(AgB4 = H-1") and AO (AgB2 = H-1*). An historical 
accident has led to the use of two parallel nomenciatures for 
the rat MHG We use the AgB terminology of Palm’ without 
prejudice to a future reconciliation with the Rat H-I termin- 
ology of Stark et al.” 

The recombinant was discovered among progeny of the 
backcross HO 3 ~ (DA ~ HO)F, <. The progeny were screened 
with three tests defining the segregating AgB4 allele: 

(1) For the presence or absence of AgB4 alloantigens on the 
surface of their blood lymphocytes recognised by the 
alloantiserum (AO < HO)F, anti-DA in a one-stage cytotoxic 
test assayed by Trypan blue exclusion. 

(2) For the ability or inability of their blood lymphocytes to 

* stimulate HO thoracic duct lymphocytes (TDL) in a mixed 
lymphocyte interaction (MLI). 

(3) For the ability or inability of their blood lymphocytes to 
respond in an MLI against (DA x HO)F, spleen celk. 

The three tests gave highly concordant results on HO ~ 
(DA x HO)F, backcross progeny, indicating that all three tests 
defined a single genetic system (Table 1), One rat showed 
aberrant behaviour in that her cefls, although killed by 
(AO HO)F, anti-DA serum, responded to (DA ~ HO)F, 
spleen cells in MLI and did net noticeably stimulate HO TDL. 
This rat was backcrossed to the HO strain. Of her two litters, 
8 out of 21 rats carried serological determinants recognised by 
(AO x HOJE, anti-DA serum, eliminating the slight possibility 
that the positive result in the serological test of the mother was 
caused by a rare co-segregation of several minor antigens 
recognised by the serum. The reactions in the three screening 
assays of one serologically positive member of these litters are 
shown in Table 1. The putative recombinant haplotype and 
tissue will provisionally be called IR. 

The next experiments showed that antigenic products of both 
the regions of AgB recombined in the IR chromosome were 
serologically recognisable, but differed markedly in tissue 
distribution. First, (AO x HO)F, anti-DA serum was absorbed 
with IR lymphoid tissue. DA lymphoid tissue absorbed all 
activity from the serum, whereas even a massive amount of IR 
tissue absorbed the serum partly but not completely (Fig. la). 
As all the detectable activity of (AO = HO)F, anti-DA was 
directed against AgB4 (Table 1), the absorption result implies 
that the IR haplotype carries some serologically detectable 
AgB4 alloantigens, but lacks others. ý 

Suitable genetic combinations were therefore chosen to raise 
separate alloantisera against the two adjacent portions of AgB4. 
(IR x HO) heterozygotes were immunised against DA, and 
(AO x HO)F, rats against (IR x HO) heterozygous lymphoid 
tissue. In a lymphocytotoxic test the (AO x HO)F, anti-IR 
serum killed all lymphocytes in blood, lymph nodes and 
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Table 1 (AO <- HO) anti-DA serum detects antigens of the MHC. Tests on a panel of HO = (DA =< HO)F, backcross progeny 
(AO < HO) anti-DA(1/192) Complement MLI Response to 
Rat no. ®*. blood lymphocytes killed control ° dead (DA = HOF, spleen MLI stimulation of HO 

i 4] 4.4 4.32 (0.04) (A) 2.40 (0.23) (E) 

2 8.1 6.3 4.10 (0.11) (A) 3.09 (0.16) (D) 

3 8.7 9.8 4,30 (0.02) (A) 3,38 (0.20) (D) 

4 97.1 ° 4.4 2.67 (0.15) (A) 4.66 (0.03) (D) 

6 97.6 7.2 2.62 (0.23) (B) 4.58 (0.09) (D) 

25 94.9 7.4 2.58 (0.25) (B) 4.59 (0.03) (E) 

27 96.9 5.9 2.68 (0.30) (B) 4,58 (0.06) (E) 

34 . 96.3 5.0 2.91 (0.08) (C) 4.49 (0.21) (E) 

32 b 4.3 4.0 4.44 (0.03) (C) 2.50 (0.07) (F) 

34 96.0 4.6 2.76 (0.14) (C) 4.43 (0.06) (F) 

38 94.3 4.2 2.97 (0.10) (C) 4,19 (0.08) (F) 

IR heterozygote” 82.0 3.4 4.44 (0.05) (C) 2.21 (0.10) (F) 

° Experiment Response control Syngeneic control 
A 4.25 (0.07) 2.75 (0.08) 
° B 4.39 (0.06) 2.48 (0.08) 
C 4.11 (0.11) 3.05 (0.16) 
D 4.69 (0.03) 3.38 (0.11) 
° E 4.65 (0.03) 3.22 (0.16) x 
F 4222 (0.08) 2,17 (0.11) | 





Lymphocytotoxic tests were performed in a total volume of 75 pl, containing 5 x 10! target cells and guinea pig serum at a final concentration 
of 8-11°% (v/v). The suspension medium was Dulbecco's A and B salts supplemented with 2% foetal calf serum. Percentage cell lysis was 
determined by Trypan blue exclusion, more than 270 cells being counted in each test. The complement control lacked any antiserum. Mixed 
lymphocyte cultures contained 2 x 10° responding cells and 3.x 10° stimulating spleen cells (irradiated with 950 rad of 16 MeV X rays), in 
RPMI medium supplemented with 5° rat serum and 2.5 x10 M 2-mercaptoethanol in a total volume of 0.2 ml in round-bottomed microtitre 
plates. Methyltritiated thymidine (16 Ci mmol ™; 0.1 pCi in 10 pl) was added at 90-100 h and cells were collected about 16h later, For 
MLI responses to (DA x HO)F, spleen, responding lyfiphocyte populations were prepared from cardiac blood by Ficoll-Isopaque separation®, 
Spleen cells were used to stimulate HO thoracic duct lymphocytes. Mixed lymphocyte responses are expressed as the logig geometric mean 
c.p.m. of at least three replicate cultures. The standard deviation from the logi geometric mean c.p.m. in replicate cultures is in the first 
parentheses after the response. In the second parentheses, A-F are names for the experiments for whjch the response controls and syngeneic 


controls are given below the main body of the table; in A-C the response control is the response of 


© blood lymphocytes to (DA x HO)F, 


spleen; in D--F the response control is the response of HO thoracic duct lymphocytes to (DA =x HO)F;, spleen. 
*The results for IR heterozygote were obtained with one of the original recombinant’s second litter by an HO male. 5 


thoracic duct of rats carrying AgB4 (Fig. 1b). It was also 
strongly and specifically lytic for red cells of such rats. The 
target antigen(s) on both red cells and lymphocytes is AgB- 
linked as established through five backcross generations of both 
AgB4 and the IR haplotype on to the HO. background. The 
target(s) for this antiserum seems therefore to be analogous to 
the mopse H-2K and H~2D molecules, which are also expressed 
on both lymphocytes and erythrocytes?. 

The (IR < HO) anti-DA serum was considerably different. 
Although of high titre, it killed only 30-40°%, of normal 
lymphocytes (Fig. 14),.and was not detectably haemolytic. 
Furthermore, it seemed that the target for this antiserum was 
restricted to B lymphocytes. Using lymphocytes collected from 
the thoracic duct of a thymectomised, irradiated, bone-marrow 
reconstituted ‘B’ ratë of the DA strain it was found that > 90°, 
of ‘B’ TDL were killed by (R x HO) anti-DA serum while 
only 35-40°. of normal TDL were killed in the same test 
(Fig. 16). Similarly, the (AO ~ HO)F, anti-DA serum absorbed 
exhaustively with IR lymphoid tissue killed about 90°, of ‘B’ 





Table 2 Genetic linkage test for the targets of (AO x HO)F, anti-IR and (IR x HO) anti-DA 


(d 


TDL compared with 35-40%, of normal TDL (Fig. la). 
(IR x HO) anti-DA serum is thus analogous to some mouse 
anti-la sera in the apparent absence of the target antigens from 
erythrocytes and from T cells’:*. It was necessary to demonstrate 
that the targets of (IR x HO) anti-DA and (AO x HO)F, anti- 
IR are controlled by linked portions of AgB. For this purpose 
we returned to the progeny of the HO x (DA x HO)F, backcross 
amongst which the putative recombinant was found, The two 
antisera were tested on blood lymphocytes of a panel of these 
rats whose AgB status had already been established. There was 
complete positive correlation of the activity of the two antisera 
and both detected antigens of AgB4 (Table’2). Thus (IR x HO) 
anti-DA and (AO x HO)F, anti-1R are directed at antigens 
controlled by different segments of a single genetic system. 
The recombinant haplotype, IR, has inherited its major 
serological antigens (analogous to the mouse K and D mole- 
cules) from the AgB4 of DA, and lacks antigen(s) of AgB4 
seemingly analogous to mouse la antigens. It has also inherited 
its MLI phenotype principally from AgBS, the (IR x HO) 


using a panel of HO x (DA x HO)F, backcross progeny 


Complement control 


% cells kiled by ° cells killed by 


Rat AgB4 (%cells dead) (GR x HO) ant-DA (AO x HO) anti-IR 
1/6 1/24 1/ 1/192 
(DA < HO)F, -i 6.1 ND 23.0 e ND 92.1 
26 + 7.8 ND 27.7 ND 96.9 
i 30 -+ 4.2 ND 28.2 ND 94.6 | 
ve 42 ~j- 8.0 ND 23.0 ND 94.4 
44 + 11.4 ND 252 ND 93.5 
45 s 5.5 ND 20.6 ND 93.6 
46 “ 44 ND 20.6 ND 93.3 
33 _ Ta 7.3 6.7 5.6 49 
35 = 11.8 9.9 Tals 8.6 11.1 
B60 3.7 3S 2.3 3.2 5.1 
37 = 7.3 5:5 73 6.5 , 6.9 
43 | — 5.0 6.9 oe 2D . 66 


The AgB status of each of these animals was determined by both serological and MLI tests, as described in Table 1. Lymphocytotoxic scores 


are based on a sample of > 300 cells. ND, not determined. 


e 
e 


Nature Vol, 266 24 March 1977 





Table 3 MLI'responses of HO and (IR x HO) heterozygote TDL to (DA x HO}F, spleen 





Responder TDL (2 x 10°) Stimulator spleen cells G x 10°) Response 
HO HO (syngeneic control) 2.58 (0.02) 
‘ (IR x HO) heterozygote* 2.47 (0.08) 
(DA x HO)F, 4.73 (0.03) 
(IR x HO) heterozygote* HO | : 2.66 (0,03) 
e (IR x HO) heterozygote (syngeneic control) 2.46 (0.05) 
(DA HO)F, 4.72 (0,04) 


<i aAPNNAPENNAAR RAPEnAARP P4Y EREE AAAA LALLA HARRERAREN aaia iaiia HU lit minh rr ROPES aama aaan ae 


MLI Response data is presented as in Table 1. 


e 


*The (IR x HO) heterozygotes used in this experiment were offspring of the original recombinant, previously shown to be carrying DA 
serological determinants by positive reaction with (AO x HO)F, anti-DA serum. 


heterozygote behaving just like HO in this experiment (Tables 
1 and 3). Five backcrosses of the IR haplotype on to the HO 
background have now been completed. 

The analysis of this recombinant demonstrates that the 
regionf AgB controlling the MLI and Ia-like antigens can be 
recombined by a single cross over from the region controlling 
cell-surface alloantigens of wide tissue distributién analogous 
to the K and D molecules of the mouse. The properties of the 
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Serial twofold dilution of antiserum (1 = 1/6) 


Fig. 1 Titrations of cytotoxic fintisera against DA lymphoid 
cells (methods as in Table 1). a, (AO x HO)F, anti-DA absorbed 
with ER lymphoid tissue. (@——-—-@), (AO x HO) anti-DA 
tested on DA lymph node cells: (———- ), (AO x HO) anti-DA 
absorbed with IR tested on DA lymph node cells. 1, 2, 3 are 
successive stages in the absorption. At each stage more than 
700 x 10° lymphocytes were used per ml of antiserum; 
(O= — --©), (AO x HO) anti-DA absorbed with IR at stage 3 
of absorption, tested on ‘B’ DA TDL; (W-E). (AO x HO) 
anti-DA absorbed with DA at stage l; (A----—A), control 
absorption with HO at stage 3; (~--- @), complement control 
for DA lymph node cells; (—s— —©) complement control for 
‘B’ DA TDL, b, Recombinant antisera tested on DA TDL. 
(i —-—— 4), (AO <x HO)F, anti-IR n normal DA TDL; 
(@-———@), GR*HO) anti-DA on normal DA TDL; 
(O- 3), AR x HO) anti-DA on ‘B’ DA TDL. Complement 
controls as in (a). è 





recombinants described by Williams and Moore’, of the KGH 
rat strain investigated by Gill and co-workers'®" and of the 
AgB haplotype derived from a wild rat by Gasser!’ support 
this view. Although the existence of more than one K/D-like 
locus has not been demonstrated it the rat, it seems that the 
linear order of genes in AgB is not like that in the H-2 of the 
mouse, where the D and K loci flank the region controlling the 
MLI and la antigens. The rat may fit better the model estab- 
lished for the human MHC!?, Indeed, the present study further 
emphasises the conclusion derived from other more distant 
mammalian species including man!®, that the gene order in the 
mouse MHE is exceptional, presumably as a result of a 
chromosome rearrangement which can now be placed as more 
recent than the divergence of the mouse and the rat from their 
common ancestor. We consider, however, that our conclusion 
on the structure of the rat MHC is still preliminary. Confirma- 
tion from other more informative laboratory recombinants is 
awaited, because special circumstances such as the undetected 
sharing of a second K/D-like chromosome region by the AgB4 
and AgB5 haplotypes could invalidate the conclusion. 

We thank Diana Suckling for technical assistance, Mr R. C. 


‘Bennett for animal care and Mrs J. A. Williams for typing the 


manuscript. G. W. B. holds an MRC studentship. 

Note added in proof: A recombination between AgB4 and 
AgB2 (H~1? and H—1") has recently been found’. This 
recombinant seems to have similar properties to that we 
have described. 
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A surface antigenic 
marker for rat Schwann cells 


Tug use of cell-surface antigenic markers to identify and separate 
distinct subpopulations of lymphocytes has revolutionised 
immunology in recent years. It seems likely that a similar 
approach will be fruitful in other areas of biology. For example, 
recent advances in maintaining and studying cells of the nervous 
system in vitro have created a pressing need for cell-type-specific 
markers. These would allow unequivocal identification and 
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_ possible purification of the many different types of neural cells 
so that their interactions can be studied in culture. Here we 
-describe a cell-surface antigen, defined by an antiserum raised 
in mice against a rat neural tumour cell line! which is present 
on Schwann cells in dissociated cell culture of neonatal rat 
sciatic nerve, but not on fibroblasts in the same culture. Another 
cell-surface antigen, Thy-!.1 (formerly called. AKR}? is ex- 
pressed by the fibroblasts? and not the Schwann cells, ‘making 
it possible to mark both cell types simultaneously in these 
cultures by using antibodies conjugated to two different 
fluorochromes. + 

The mouse antiserum was raised agains a cell line (33B) 
derived from an ethylnitrosourea-induced tumour arising in 
the spinal cord and nerve roots of a Wistar~Furth (W/Fu) rati. 
After extensive adsorption with rat liver, spleen and thymus, the 
original serum defined two surface antigens detected by 
cytotoxicity testing: (1) ą ‘common antigen’ present in rat 
brain, embryonic tissues and most tumours or cell lines from 
the rat nervous system (including Schwannomas, gliomas and 
neuroblastomas) and (2) a ‘restricted antigen’ present, on a 
minority of nervous system tumours and cell lirfes and not 
detectable in normal or embryonic rat tissues!, For the studies 
described here, we used an antiserum, raised in A/strong 
micet, with cytotoxic activity at least 80° specific for the common 
antigen. After the usual tissue adeorptione: it was further 
adsorbed twice with half its volume of packed cells obtained 
from primary muscle cultures of neonatal W/Fu rats. The 


365 


at 100,000¢ for 30 min before use, and for double labelling 
experiments the G-anti-MIg-Rd was adsorbed with rabbit IgG 
and the G anti-Rig-Fl with mouse IgG. The rabbit and mouse 
IgG were coupled to Sepharoses6B. e 

Sciatic nerves were removed aseptically from neonatal 
W/Fu rats, digested with trypsin and collagenase, and dis- 
sociated by passage through a No. 23 hypodermic needle. 
The cells were grown on collagen-coated glass coverslips in 
Linbro dishes (Flow Labs.) in Dulbecco’s modified Eagle’s 
medium, containing penicillin (100 IU per ml), streptomycin | 
(100 ug ml>), 10%% heat inactivated foetal calf serum and 2% 
chick embryo extract. A full account of this procedure will be 
published elsewhere. After 3-5 d of culture, the cells on the. 
coverslips were incubated in anti-Ran-1 or anti-Thy-1 antisera 
for 30 min at room temperature, washed well and incubated with 
the appropriate fluorescent anti-Ig antibodies for a further _ 
30 min at room temperature. After washing, the cells were 
fixed in 5% glacial acetic acid in 95% ethanol at 4°C for 
10 min, mounted in Elvanol on a glass slide and examined 
using a Zeiss fluorescence microscope equipped wh phase 


contrast and incidence fluorescence optics. 


In 3-d-old cultures, the majority of cells had a bipolar mor- 
phology characteristic of Schwann cells inculture® with a tendency 
to line up end-to-end; by 5 d the long processes of these cells 
tended to form interconnected networks. The other cells in the 
culture had the appearance of fibroblasts; initially sparse, they 
tended to proliferate and form a confluent underlayer by 7 d. 





Table 1 Indirect immunofluorescence labelling of Schwann cells and fibroblasts in rat sciatic nerve ¢ultures with anti-Ran-1 and anti-Thy-1 


antiserum 
Antiserum Adsorbed with Labelling of 
Schwann cells Fibroblasts 
Mouse anti-Thy-1.1 =- 0 A 
Mouse anti-Thy-1.1 CBA (Thy-1.2) brain 0 + 
Mouse anti-Thy-1.1 AKR (Thy-1.1) brain 0 0 
Rabbit anti-Thy-1 g mn 0 -p 
Rabbit anti-Thy-] Rat (W/Fu) thymocytes 0 0 
Mouse anti-Ran-1! a -H Q 
Mouse anti-Ran-! Rat neural tumour line 33B 0 Q 
Mouse anti-Ran-! Rat neural tumour line 21A e 0 ° 0 
„Mouse anti-Ran-! Rat neural tumour line B28 nfo 0 
Mouse anti-Ran-1 Rat foetus ae i 0 0 
Mouse anti-Ran-1 Rat liver tds + O.. 
AAMAR agian Eonian aaa ailan aannam naaa 


Cells were labelled with mouse anti-Thy-1.1 (1:5) or mouse anti-Ran-}(] :50} and then G anti-MIg-Rd (1.20), or with rabbit anti-Thy-1 (1:20) 
and mouse anti-Ran-! (50) simultaneously, followed by F(ab), G anti-RIg-F1.(1:10) and G anti-MIg-Rd (1:20) applied simultaneously. 


antigen detected by immunoflyorescence on Schwann cells has 
asimilar distribution on tumour cell lines to that of the common 
antigen (see below). The exact identity of the Schwann cell 
antigen and the common antigen ts, however, not yet com- 
pletely established. We shall therefore refer to the antigen 
detected on Schwann cells as rat neural antigen-1 (Ran-1). 
Anti-Thy-1.1 alloantiserum was raised in CBA mice against 
AKR thymocytes as described before®; in indirect immuno- 
fluorescence assays it labelled AKR and rat thymocytes but 
not CBA thymocytes, and all of this activity.could be adsorbed 
by brain from AKR but not from CBA mice. Rabbit anti-Thy-1 
antiserum was raised by immunising rabbits with rat brain 
glycoproteins (obtained after lentil lectin affihity chromato- 
graphy) and boosting with purified Thy-1 5 months later®. It was 
adsorbed twice with 50° (v/v) packed rat spleen cells and 
twice with 50% (v/v) packed neonatal rat brain homogenate 
(both of which are known™® to contain relatively little Thy-1). 
For indirect immunofluorescence assays, rhodamine-conjugated 
goat anti-mouse IgG (G anti-MIg-Rd) and fluorescein-con- 
jugated goat anti-rabbit IgG (G anti-RIg-F!) antibodies Nordic 
batch no. 2-773 and 27-175, respectively) were used. In most 
experiments, the F(ab). fragments of these conjugates were 
used. They were prepared by dialysing the undigested reagents 
in 0.1 M acetate pH 4.5 and incubating them with 2°% (w/w) 
pepsin (Sigma) for [2 h at 37 C, dialysing in phosphate 
buffered saline and passing them through an XM50 Amicon 
filter to remove the Fe fragments. All antisera were centrifuged 


Every one of the characteristic bipolar Schwann cells. was 
brightly labelled by the anti-Ran-1 serum and did not label 
with the mouse or rabbitanti-Thy-1 antiserum. On the other 


hand, all of the typical fibroblasts were labelled by both of 


the anti-Thy-1 sera, and not by the anti-Ran-! serum, In all 


“cultures, there were cells with an. intermediate morphology, 


which stained as typical Schwann cells. 
The controls for the specificity of the immunoffudresdénce 
labelling are listed in Table 1. The labelling activity of the mouse 


ș anti-Thy-L.t antiserum. was removed by adsorption with 
AKR but not CBA brain, confirming the Thy-1.1 specificity of 
the antiserun’. The labelling activity of the rabbit anti-Thy-1 
‘serum. was removed. by adsorption with rat thymocytes. The 
i Jabelling of Schwann cells by anti-Ran-1 could be removed 
by adsorption with cell line®33B, which has both the common 


and the restricted antigen, or by line 21A, which has the 
common antigen but lacks the restricted antigen. Line B28 
(derived by D. Schubert at the Salk Institute from a brain 


tumour) lacks both antigens and does not adsorb the Schwann 


cell labelling. Adsorptions with rat brain, which contains less of 
the antigen than the tumour lines or rat foetus, have thus far 


been inconclusive. ‘With this reservation, these data suggest 
- that the immunofluorescent labelling of Schwann cells is detect- 


ing the common. antigen. : 

To prove that the anti-Ran-1 and anti-Thy-1 antisera ‘were 
not labelling the same cells, cultures were exposed to rabbit 
anti-Thy-1 and mouse ani-Ran-1 antisera simultaneously, 


+ 
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s 
washed and then incubated in G-anti-RJg-F 1 and G anti-MIg-Rd 
simultaneously; after washing, the cells were examined for 
fluorescein and rhodamine fluorescence. In most cultures, all 
cells labelled with ort or other fluorochrome but not both 
(Fig. 1; also see cover). In an occasional culture, a small 
proportion (< 5%) of the cells were labelled with both fluoro- 
chromes: these cells had a distinctive round morphology and 


a 
Fig. 1 Indirect immunofluorescence using antibodies against 
Thy-1 and Ran-1. Cells from sciatic nerve cultures were stained 
with a mixture of rabbit anti-Thy-1 and mouse anti-Ran-1, 
followed by a second incubation with (Fab), G-anti-Rlg- 
fluorescein and F(ab), G anti-MIg-rhodamine, as described in the 
text. A pair of cells was photographed with phase optics (a) or 
ultraviolet illumination and filters to detect the fluorescein 
(anti-Thy-1)-labelled fibroblast (b), or filters to detect the 
rhodamine(anti-Ran-1 )-labelled Schwann cell (c) Scale bar, 10 pm. 
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r 
were also doubly labelled when normal mouse and rabbit sera 
were used in the first incubation in plate of the antisera. They 
could be damaged cells or macrophages. 

In preliminary experiments, the double labelling method has 
been used to investigate cell division in the two populations. 
Two-day cultures were incubated with *H-thymidine for 24 h, 
stained with the two fluorochromes, and coated with emulsion 
for conventional light microscope autoradiography. Whereas 
approximately 90% of the Thy-1 positive cells had labelled 
nuclei, only 20% of the Ran-1 positive cells had them. The 
latter result is comparable with that obtained in neonatal 
mouse sciatic nerve in vivo'’. This Method should be useful in 
the search for possible Schwann cell mitogens. 

We conclude from these studies that in dissociated cell cultures 
of newborn rat sciatic nerve it is possible to distinguish Schwann 
cells from fibroblasts by means of surface antigenic markers: 
the Schwann cells express the previously described! Ran-I but 
not detectable amounts of Thy-1l, while fibroblasts do not 
express detectable amounts of Ran-! but do express Thy-1. 
Althqugh the Thy-! positive cells Had a typical fibroblastic 
morphology, it is possible that this category may include other 
cell types. Thus, endothelial cells are present in peripheral 
nerve’! and they have not been typed for the presence of 
Thy-1. The identity of the Ran-1 positive cells with inter- 
mediate morphology is not seriously in doubt. Studies tn 
culture with time-lapse cinematography'* have shown that 
bipolar Schwann cells may undergo a morphological transition 
to a fibroblast-like form. Although the detailed distribution of 
Ran-! in the nervous system is not known, it is not detectable 
by immunofluorescence on any major class of cells in dissociated 
cultures of cerebellum or cerebral hemispheres (unpublished 
observations of K.L.F); thus it is not a general glial marker. 
It will be of interest to compare the characteristics of this antigen 
and the recently described surface antigen on human Schwann 
cells**. 

Since the fibroblasts*, but not Schwann cells, can be killed 
by anti-Thy-1 and complement (unpublished observations) it 
should be possible to remove the fibroblasts from sciatic nerve 
cultures: alternatively, the Schwann cells could be positively 
selected by the use of a fluorescence activated cell sorter". 
In either case, the availability of surface markers for both cell 
types should prove useful in studies of myelination im vitro, 
and of other interactions with nerve'® and muscle’®. Moreover, 
the availability of one neural cell marker should facilitate 
the search for others. 

We thank Dr A. F. Williams for the gift of rabbit anti-Thy-! 
antiserum, Dr P. K. Thomas for helpful discussions, and Ann 
Hornby-Smith, Carolyn Haresign and Janet Winter for technical 
assistance. We also thank Dr B. Gamperts for assistance with 
colour printing. 
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Developmentally regulated 


lectin in neonatal rat brain 


WE report the. identification of a developmentally regulated 
agglutinin of erythrocytes present in neonatal rat brain. Specific 
inhibition by a number of saccharides with a galactose cofifigura- 


tion suggest that multivalent carbohydrate-binding proteins, 


‘endogenous brain lectins’, may be responsible for the observed 
agglutination activity. We are presently investigating the func- 


‘tional role of this lectin-like activity in brain, since molecules 


with similar carbohydrate-binding properties.seem likely to 
mediate intercellular recognition and adhesion in certain 
lower eukaryotic organisms. 

The ability of cells to recognise other cells and specifically 
adhere to them is a central problem in developmental. neuro- 
biology and the subject of intense investigation. Moscona}, 
more than a decade ago, proposed that specific macromolecules 
at the cell surface are responsible for specific adhesion. Specific 
cell recognition and adhesion could then be achieved’ by a 
cell-surface macromolecule, a carbohydrate-binding protein? or 
an enzyme? with a particular recognition specificity, and a 
carbohydrate-containing receptor, one or both of which is 
under a temporal metabolic regulation. The lectin hypothesis 
of cell recognition and adhesion? has gained support in recent 
studies ~* with the cellular slime moulds (for revfew, see ref. 9). 
Developmentally regulated carbohydrate-binding proteins, 
“discoidin’’* and “pallidin’*® accumulate on the cell surface of 
Dictyostelium discoideum and Polysphendylium pallidum as these 
species differentiate from a vegetative single cell state to a 
cohesive aggregation-competent state, and substantial evi- 
dence**~* indicates that these slime mould lectins may mediate 
intercellular recognition and adhesion by interacting with 
specific cell-surface receptors’. Teichberg et al.’ reported the 
presence of a B-p-galactoside-binding protein in Eléctrophorus 
electricus and in a number of mammalian tissues and tissue 
culture cells, and Nowak ef a/.'!, and Gartner and Podleski?®, 
have studied a B-p-galactoside binding protein in embryonic 
chick muscle and myogenic cell lines, a protein, purified and 
characterised by Den and Malinzak®. 

The functional components of intercellular recognition and 
adhesion are generally thought to be glycoproteins and in 
brain tissue in particular, the synaptic specialisation is enriched 
by carbohydrate-containing macromolecules which may func- 
tion in synaptogenesis", in conjunction with carbohydrate- 
binding molecules of appropriate specificity. 

Soluble extracts of developing neonatal rat brain contain a 


“lectin-like’ agglutination activity which is measured with 


trypsinised glutaraldehyde-fixed rabbit erythrocytes. In brain 
extracts prepared from 1-30-d-old rats (Fig. 1) a marked 
increase in agglutination activity was observed from day 1-10, 
followed by a decline to undetectable levels between 10 and 21 d. 
Only trace amounts of activity were found in adult animals. 
The time course seen in Fig. 1 was reproduced with different 
sets of brain extracts, and different preparations of rabbit 
erythrocytes, although the absolute value of the titre varied 
somewhat with the particular preparation of erythrocytes. 


‘Variable agglutinability of erythrocyte preparations could 


result from individual donor differences or from minor varia- 
tions in the conditions of trypsinisation or glutaraldehyde 
fixation. Specific agglutination activity—that is, agglutination 
activity per mg protein—parallels the curve seen in Fig. 1. 
The possibility that the observed time course was a function of 
changes in the extracting reagent (DES) or in the agglutinability 


of the erythroeyte preparation over the time course of the study 


was eliminated by preparing extracts at the individual time 


‘points, freezing and assaying them together on the same day, 


or by simultaneously preparing extracts of animals at various 
ages and assaying on the same day. Mixing experiments in 
which day | and 10 extracts and day 10 and 30 extracts were 
mixed, incubated and assayed, gave intermediate values 
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Fig. 1 Sprague-Dawley pups from litters normalised to eight 
pups per mother at birth, to ensure that all had equal and 
sufficient nutrition, were killed by decapitation. Brains were 
homogenised at 4°C in 4 volumes of freshly prepared 2 mM 
dithiothreitol, 2mM EDTA; 0.15-M NaCl, abbreviated DES, 
in a Potter-Elvejhem. tissue homogeniser. Dithiothreitol at 
i0 mM did not improve the extractability of activity but served 
to stabilise the activity extracted. The homogenate was centri- 
fuged 60 min at 40,000 r.p.m. and the supernatant assayed 
for agglutination activity using trypsinised glutaraldehyde-fixed 
rabbit erythgocytes. Erythrocytes for. agglutination assays were 
prepared from. rabbit. blood (Colorado Serum Labs) collected 
in Alsever’s solution. Cells were washed 4 times with 5 volumes 
saline. Erythrocytes were suspended 4°% (v/v) in 0.1.M sodium 
phosphate-0.05 M NaCl, pH 7.4, and trypsin from bovine 
pancreas (Sigma) 0.1 mg ml, was added, and the suspension 
incubated at 37°C. for 60 min. Cells were then washed 5 times 
with 10 volumes saline. Washed erythrocytes were suspend 
in 5 volumes 0.075 M Na, K phosphate-0.075 M NaCl, pH'7.2 
(PBS 7.2), containing 1% glutaraldehyde (Sigma, grade I), and 
incubated with shaking.for | hat room temperature. The cross- 
linking reaction was terminated by addition of 5 volumes 0.1.M 
glycine in PBS 7.2 at 4 °C. Erythrocytes were sedimented and 
washed 3 times with 5 volumes 0.1 M glycine in PBS 7.2. Finally, 
cells were washed 4 times in 5 volumes cold PBS 7.2. Agglutina- 
tion activity in brain extracts was measured with trypsinised: 
glutaraldehyde-fixed rabbit erythrocytes as follows. A twofold 
dilution series of brain extract was made in DES. Eithere25 pl 
PBS 7.2 or 25 pl an appropriate hapten inhibitor in PBS 7.2 
was added to wells of a microtitre V plate (Cooke Engineering). 
Aliquots (25 yl), of the serial dilutions of extract were added to 
_ wells followed by 25 pl1° solution bovine serum albumin in 
0.15 M NaCl. After gentle mixing, 25 ul of a 2.5% suspension 
of erythrocytes in PBS 7.2 was added to wells. Plates were 
shaken vigorously, covered with transparent tape, and left at 
room temperature for 90 min before agglutination patterns were 
evaluated. The agglutination endpoint was taken as the first 
dilution of extract at which erythrocytes settled into a clearly. 
circumscribed dot at the bottom of the well. Agglutination 
activity is defined as the reciprocal of the endpoint dilution. 


suggesting that enzymatic modification in crude soluble extracts 
was not responsible for the aseending or descending portions of 
the time course. No agglutination was observed when serum 
from 10-d-old rats was tested for this activity. 

A number of other types of erythrocytes were tested for their 


+ 
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abilitv to calibrate agglutination activity, Fresh rabbit erythro- 
cytes were not agglutinable, nor did trypsinisation of fresh 
erythrocytes render them agglutinable. Fixation with glutaral- 
dehyde or formalin was required to sensitise the rabbit cells to 
agglutination, whereas trypsinisation before fixation gave-50°% 
higher titres suggesting that such treatment, although insufficient 
in itself, does increase the agglutinability of fixed cells. Tryp- 
sinised formalin-fixed rabbit erythrocytes and trypsinised glut- 
araldehyde-fixed or formalin-fixed sheep erythrocytes were four 
times less sensitive to agglutination than the trypsinised 
glutaraldehyde-fixed rabbit erythrocytes, whereas formalin- 
treated human type O erythrocytes were eleven times less 
sensitive. 

Agglutination activity of 10-d-old rats was specifically inhibi- 
ted by a number of monosaccharides and disaccharides with a 
galactose configuration, in addition to hexosamines, mannose, 
and a brain glycopeptide fraction’, as seen in Table 1. This 
_non-dialisable glycopeptide fraction was found to be the most 
potent inhibitor of agglutination, being nearly 150 times 
greater 6n a molar basis than the most effective monosaccharide 
inhibitor, galactosamine. The glycopeptide fraction, with an 
average molecular weight of 8,000, was prepared from lipid- 
extracted whole brain by extensive proteolytic digestion, 
followed by quantitative precipitation of contaminating 
glycosaminoglycans with cetylpyridinium chloride. The 
potent inhibition by hexosamines is interesting in view of the 
report by Yamada er al", that the CSP protein or LETS 
protein, an agglutinin of formalin fixed erythrocytes, which 
has been identified as a surface antigen in cultured glial cells’*, 
was also inhibited by hexosamines. Careful re-examination of 
the hexosamine inhibition in brain extracts by measuring 
hexosamine inhibitéon at various, amino sugar concentrations 
in parallel with equimolar concentrations of NaCl, suggested 
that the inhibition at high concentrations was predominantly 
a charge effect, whereas studies at lower hexosamine concen- 
trations revealed a galactosamine-specific inhibition. Agglutina- 
tion by the brain extract is probably not due to LETS protein 
since EDTA or EGTA, potent inhibitors of the LETS mediated 
agglutination, were mot potent inhibitors of the brain activity. 
Nevertheless, we cannot absolutely rule out the possibility 
that the brain activity, in part, is LETS mediated, since a 
different cell type was used to test agglutinatign by purified 
LETS protein. An accurate comparison to the hapten inhibition 
specificity of the LETS protein, awaits purification of the brain 
agglutinin, i 

Although the sugar concentrations required to inhibit 
agglutination by brain extracts are relatively high, unlike those 
of many lectins derived from plant sources, a number of lectins 
do require concentrations in this range. The carbohydrate 
specificity, although generally galactose specific, is not absolute 
suggesting that several carbohydrate-binding proteins with 





Table 1 Glycopeptide and sugar effects on agglutination of 
erythrocytes by brain extracts 


@ ; z ; : 

Sugar concentrations (mM) that inhibit agglutinajion by 50% 
Brain glycopeptides 0.1 N-acetylglucosamine > 125 
Galactosamine __ 15 N-acetylmannosamine > 125 
a-lactose o © 39 e Glucose >125 
Thiodigalactoside 30 L-fucose > 125 
Mannosamipe 30 L-rhamnose > 125 
Glucosamine — 30 a-methyl-p-galactose > 125 
Mannose => 60 - a-methyl-p-glucose > 125 
Galactose 60 a-methyl-p-mannose > 125 
N-acetylglactosamine > 125 2-deoxy-p-glucose > 125 





Brain extract from 10-d-old rats was assayed for agglutination 
activity as described in Fig. 1 in the presence of a series of concen- 
trations of various sugars in*PBS 7.2 to determine the sugar concen- 
tration that would inhibit agglutination activity by 50°. In addition, 
brain glycopeptides, prepared as described by Simpson ef al.**, were 
tested as inhibitors of agglutination. The m&larity of the glycopeptide 
was based on an average molecular weight of 8,000, determined by 
gel-filtration on Sephadex G-50. . 
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distinct specificities may be present in crude extracts from 
10-d-old rats. . 

Extracts containing agglutination activity were subjected to a 
variety of enzymatic and chemical treatments described in 
Table 2. The carbohydrate-binding protein was extremely 
sensitive to trypsin and chymotrypsin and somewhat less 
sensitive to neuraminidase. No decrease in activity was observed 
after ifcubation with a variety of other enzymes. Agglutination 
activity was quantitatively inactivated by heating at 100°C 
for 5 min. Mild periodate oxidation in controlled conditions” 
also quantitatively destroyed the agglutination activity. The 
effects of trypsin, chymotrypsin, nauraminidase and periodate 
oxidation suggests that both protein and carbohydrate com- 
ponents are in some way required for agglutination. 


e 





Table 2 Enzymatic and chemical characterisation of carbohydrate- 
binding activity in developing rat brain 


Enzymatic g Decrease 
or chemical Concentration in activity 
treatment (ug ml ~» (%) 
Trypsin 0.1 25 
| 100 
10 100 
100 100 
Chymotrypsin 0.1 0 
è 1 100 
10 100 
100 100 
Neuraminidase 200 75 
100 50 
-glucosidase 200 0 
Collagenase 200 0 
Hyaluronidase 200 0 
Phospholipase D 200 0 
Ribonuclease 200 0 
Deoxyribonuclease 200 0 
Heat (5 mjn, 100 °C) — 100 
0.012 M 100 


Sodium periodate (1 h, 4 °C) 


Rat brain extract from 10-d-old pups was incubated with a 
series of enzymes at the specified final concentrations for 1h at 
37.°C. Controls without enzyme and without extract were in- 
cubated and assayed for agglutination activity in parallel*experi- 
ments. Trypsin sensitivity was also demonstrated when the action 
of trypsin was terminated after incubation by addition of excess 
trypsin soybean inhibitor before assay, or when a Sepharose- 
trypsin conjugate (Sigma) was used, Also a decrease in 
agglutination could be demonstrated in experiments using a 
Sepharose-neuraminidase conjugate (Sigma), although this effect 
may be due in part to the action of protease contaminates. Mild 
treatment with sodium periodate in controlled conditions quagt- 
tatively inhibited agglutination activity. Incubation conditions 
used were designed for the selective oxidation of terminal sialic 
acid residues’’. 


The heat lability, enzyme studies, and the hapten inhibition 
specificity suggest that the observed agglutination is not a 
result of the adventitious association of glycosaminoglycans 
or nucleic acids with erythrocytes. The activity we have identified 
in rat brain does not seem to be related to an agglutinin of 
formalin treated chick erythrocytes which accumulates in chick 
brain during embryonic development**. Agglutination produced 
by this extremely large proteoglycan-like complex cannot be 
inhibited by specific saccharides and its activity is insensitive to 
boiling. 

The peak of agglutination activity (Fig. 1) is coincident with 
the time course of maximum synapse formation in developing 
rat brain cortex?!. It is also interesting that the agglutination 
activity seems to parallel the temporal course of maximum 
in vitro cohesiveness of homotypic interactions of disassociated 
neuronal cells??:?*. These parallels are at best suggestive, and 
further experiments are required to implicate functionally this 
agglutination activity in the specific cellular interactions required 
for synapotogenesis and neuronal development. 

We thank Dr S. D. Rosen for discussions and Dr Rosen and 
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Developmentally regulated 
lectin in neonatal rat brain 


WE report the identification of a developmentally regulated 
agglutinin of erythrocytes present in neonatal rat brain. Specific 
inhibition by a number of saccharides with a galactose cofifigura- 
tion suggest that multivalent carbohydrate-binding proteins, 
‘endogenous brain lectins’, may be responsible for the observed 
agglutination actiwity. We are presently investigating the func- 
tional role of this lectin-like activity in brain, since molecules 
with similar carbohydrate-binding properties.seem likely to 
mediate intercellular recognition and adhesion in certain 
lower eukaryotic organisms. 

The ability of cells to recognise other cells and specifically 
adhere to them is a central problem in developmental neuro- 
biology and the subject. of intense investigation. Moscona', 
more than a decade ago, proposed that specific macromolecules 
at the cell surface are responsible for specific adhesion. Specific 
cell recognition and adhesion could then be achieved’ by a 
cell-surface macromolecule, a carbohydrate-binding protein? or 
an enzyme? with a particular recognition specificity, and a 
carbohydrate-containing receptor, one or both of which is 
under a temporal metabolic regulation. The lectin hypothesis 
of cell recognition and adhesion? has gained support in recent 
studies‘ ~® with the cellular slime moulds (for revlew, see ref. 9). 
Developmentally regulated carbohydrate-binding proteins, 
“discoidin’* and “‘pallidin’’® accumulate on the cell surface of 
Dictyostelium discoideum and Polysphondylium pallidum as these 
species differentiate from a vegetative single cell state to a 
cohesive aggregation-competent state, and substantial evi- 
dence?-*~® indicates that these slime mould lectins may mediate 
intercellular recognition and adhesion by interacting with 
specific cell-surface receptors’. Teichberg et al.® reported the 
presence of a B-p-galactoside-binding protein in Eléctrophorus 
electricus and in a number of mammalian tissues and tissue 
culture cells, and Nowak et al}, and Gartner and Podleski?, 
have studied a B-p-galactoside binding protein in embryonic 
chick muscle and myogenic cell lines, a protein, purified and 
characterised by Den and Malinzak’®. 

The functional components of intercellular recognition and 
adhesion are generally thought to be glycoproteins and in 
brain tissue in particular, the synaptic specialisation is enriched 
by carbohydrate-containing macromolecules which may func- 
tion in synaptogenesis, in conjunction with carbohydrate- 
binding molecules of appropriate ‘specificity. | 

Soluble extracts of developing neonatal rat brain contain a 
‘lectin-like’ agglutination activity which is measured with 
trypsinised glutaraldehyde-fixed rabbit erythrocytes. In brain 
extracts prepared from 1-30-d-old rats (Fig. 1) a marked 
increase in agglutination activity was observed from day 1-10, 
followed by a decline to undetectable levels between 10 and 21 d. 
Only trace amounts of activity were found in adult animals. 
The time course seen in Fig. 1 was reproduced with different 
sets of brain extracts, and different preparations of rabbit 
erythrocytes, although the absolute value of the titre varied 
somewhat with the particular preparation of erythrocytes. 
‘Variable agglutinability of erythrocyte preparations could 
result from individual donor differences or from minor varia- 
tions in the conditions of trypsinisation or glutaraldehyde 
fixation. Specific agglutination activity—that is, agglutination 
activity per mg protein—parallels the curve seen in Fig. 1. 
The possibility that the observed time course was a function of 
changes in the extracting reagent (DES) or in the agglutinability 
of the erythroeyte preparation over the time course of the study 
was eliminated by preparing extracts at the individual time 
‘points, freezing and assaying them together on the same day, 
or by simultaneously preparing extracts of animals at various 
ages and assaying on the same day. Mixing experiments in 
which day 1 and 10 extracts and day 10 and 30 extracts were 
mixed, incubated and assayed, gave intermediate values 
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Fig. 1 Sprague-Dawley pups from litters normalised to eight 
pups per mother at birth, to ensure that all had equal and 
sufficient nutrition, were killed by decapitation. Brains were 
homogenised at 4°C in 4 volumes of freshly prepared 2 mM 
dithiothreitol, 2mM EDTA, 0.15.M NaCl, abbreviated DES, 
in a Potter-Elvejhem: tissue homogeniser. Dithiothreitol at 
10 mM did not improve the extractability of activity but served 
to stabilise the activity extracted. The homogenate was centri- 
fuged 60 min at 40,000 r.p.m. and the supernatant assayed 
for agglutination activity using trypsinised glutaraldehyde-fixed 
rabbit erythrocytes. Erythrocytes for agglutination assays. were 
prepared from rabbit. blood (Colorado Serum Labs) collected 
in Alsever’s solution. Cells were washed 4 times with 5 volumes 
saline. Erythrocytes were suspended 4% (v/v) in 0.1 M sodium 
phosphate-0.05 M NaCl, pH 7.4, and trypsin from bovine 
pancreas (Sigma). 0.1 mg ml, was added, and the suspension 
incubated at 37°C:for 60 min. Cells were then washed 5 times 
with 10 volumes saline. Washed erythrocytes were suspended 
in 5 volumes 0.075 M Na, K phosphate-0.075 M NaCl, pH 7.2 
(PBS 7.2), containing 1% glutaraldehyde (Sigma, grade 1), and: 
iticubated with shaking for 1 hat room temperature. The cross- 
linking reaction was:terminated by addition of 5 volumes 0.1.M 
glycine in PBS 7.2 at 4°C. Erythrocytes were sedimented and 
__ washed 3 times with 5 volumes 0.1 M glycine in PBS 7.2. Finally, 
cells were washed 4 times in 5 volumes cold PBS 7.2. Agglutina- 
tion activity in brain extracts was measured with trypsinised 
glutaraldehyde-fixed rabbit erythrocytes as follows. A twofold 
dilution series of brain extract was made in DES. Eithere25 pl 
PBS 7.2 or 25 ul an appropriate hapten inhibitor in PBS 7.2 
was added to wells of a microtitre V plate (Cooke Engineering). 
Aliquots (25 pi), of the serial dilutions of extract were added to 
_ wells followed by 25 ul 1% solution bovine serum albumin in 
0.15 M NaCl. After gentle mixing, 25 pl of a 2.5% suspension 
_of erythrocytes in PBS 7.2 was added to wells. Plates were. 
shaken vigorously, covered with transparent tape, and left at 
room temperature for 90 min before agglutination patterns were 
evaluated. The agglutination endpoint was taken as the first 
dilution of extract at which erythrocytes settled into a clearly 
circumscribed dot at the bottom of the well. Agglutination 
activity is defined as the reciprocal of the endpoint dilution. 


suggesting that enzymatic modification in crude soluble extracts 
was not responsible for the aseending or descending portions of 
the time course. No ggglutination was observed when serum 
from 10-d-old rats was tested for this activity. — 

A number of other types of erythrocytes were tested for their 


* 

ability to calibrate agglutination activity. Fresh rabbit erythro- 
cytes were not agglutinable, nor did trypsinisation of fresh 
erythrocytes render them agglutinable. Fixation with glutaral- 
dehyde or formalin was required to sensitise the rabbit cells to 
agglutination, whereas trypsinisation before fixation gave:50% 
higher titres suggesting that such treatment, although insufficient 
in itself, does increase the agglutinability of fixed cells. Tryp- 
sinised formalin-fixed rabbit erythrocytes and trypsinised glut- 
araldehyde-fixed or formalin-fixed sheep erythrocytes were four 
times less sensitive to agglutination than the trypsinised 
glutaraldehyde-fixed rabbit erythrocytes, whereas formalin- 
treated human type O erythrocytes were eleven times less 
sensitive. | 

Agglutination activity of 10-d-old rats was specifically inhibi- 
ted by a number of monosaccharides and disaccharides with a 
galactose configuration, in addition to hexosamines, mannose, 
and a brain glycopeptide fraction’, as seen in Table 1. This 
_non-dialisable glycopeptide fraction was found to be the most 
potent inhibitor of agglutination, being nearly 150 times 
greater ®n a molar basis than the most effective monosaccharide 
inhibitor, galactosamine. The glycopeptide fraction, with an 
average molecular weight of 8,000, was prepared ‘from lipid- 
extracted whole brain by extensive proteolytic digestion, 
followed by quantitative precipitation of contaminating 
glycosaminoglycans with cetylpyridinium chloride’®, The 
potent inhibition by hexosamines is interesting in view of the 
report by Yamada et al, that the CSP protein or LETS 
protein, an agglutinin of formalin fixed erythrocytes, which 
has been identified as a surface antigen in cultured glial cells?®, 
was also inhibited by hexosamines. Careful re-examination of 
the hexosamine inhibition in brain extracts by measuring 
hexosamine inhibitéon at various, amino sugar concentrations 
in parallel with equimolar concentrations of NaCl, suggested 
that the inhibition at high concentrations was predominantly 
a charge effect, whereas studies at lower hexosamine concen- 
trations revealed a galactosamine-specific inhibition. Agglutina- 
tion by the brain extract is probably not due to LETS protein 
since EDTA or EGTA, potent inhibitors of the LETS mediated 
agglutination’, were mot potent inhibitors of the brain activity. 
Nevertheless, we cannot absolutely rule out the possibility 
that the brain activity, in part, is LETS mediated, since a 
different cell type was used to test agglutinatign by purified 
LETS protein. An accurate comparison to the hapten inhibition 
specificity of the LETS protein, awaits purification of the brain 
agglutinin... 

Although the sugar concentrations required to inhibit 
agglutination’ by brain extracts are relatively high, unlike those 
of many lectins derived from plant sources, a number of lectins 
do require concentrations in this range. The carbohydrate 
specificity, although generally galactose specific, is not absolute 
suggesting that several carbohydrate-binding proteins with 





Table 1 Glycopeptide and sugar effects on agglutination of 
| erythrocytes by brain extracts | 


Sugar concentrations (mM) that inhibit agglutination by 50% 
Brain glycopeptides 0.1 N-acetylglucosamine > 125 
Galactosamine 15 N-acetylmannosamine > 125 
a-lactose: 30 e Glucose > 125 
Thiodigalactoside - 30 L-fucose > 125 
Mannosamipe 30 L-rhamnose > 125 
Glucosamine — 30 a-methyl-p-galactose > 125 
Mannose — 60 < g-methyl-p-glucose > 125 
Galactose 60 o~methyl-p-mannose > 125 

_N-acetyiglactosamine > 125 2-deoxy-b-glucose > 125 





Brain extract from 10-d-old rats was assayed for agglutination 
activity as described in Fig. 1 in the presence of a series of concen- 
trations of various sugars in*PBS 7.2 to determine the sugar concen- 
tration that would inhibit agglutination activity by 50%. In addition, 
brain glycopeptides, prepared as described by Simpson ef a/.’*, were 
tested as inhibitors of agglutination. The môlarity of the glycopeptide 
was based on an average molecular weight of 8,000, determined by 
gel-filtration on Sephadex G-50. ° 
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distinct specificities may be present in crude extracts from 
10-d-old rats. . 

Extracts containing agglutination activity were subjected to a 
variety of enzymatic and chemical treatments described in 
Table 2. The carbohydrate-binding protein was extremely 
sensitive to trypsin and chymotrypsin and somewhat less 
sensitive to neuraminidase. No decrease in activity was observed 
after irfcubation with a variety of other enzymes. Agglutination 
activity was quantitatively inactivated by heating at 100°C 
for 5 min. Mild periodate oxidation in controlled conditions?® 
also quantitatively destroyed the agglutination activity. The 
effects of trypsin, chymotrypsin, neuraminidase and periodate 
oxidation suggests that both protein and carbohydrate com- 
ponents are in some way required for agglutination. 
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Table 2 Enzymatic and chemical characterisation of carbohydrate- 
binding activity in developing rat brain 


Enzymatic $ Decrease 
or chemical Concentration in activity 
treatment (ug ml ~+) (%) 
Trypsin 0.1 25 
1 100 
10 100 
100 100 
Chymotrypsin 0.1 0 
n Í 100 
10 100 
100 100 
Neuraminidase 200 75 
100 50 
B-glucosidase 200 0 
Collagenase 200 0 
Hyaluronidase 200 0 
Phospholipase D 200 0 
Ribonuclease 200 0 
Deoxyribonuclease 200 0 
Heat (5 mjn, 100 °C) a 100 
0.012 M 100 


Sodium periodate (1 h, 4 °C) 





Rat brain extract from 10-d-old pups was incubated with a 
series of enzymes at the specified final concentrations for 1h at 
37°C. Controls without enzyme and without extract were in- 
cubated and assayed for agglutination activity in parallel*experi- 
ments. Trypsin sensitivity was also demonstrated when the action 
of trypsin was terminated after incubation by addition of excess 
trypsin soybean inhibitor before assay, or when a Sepharose- 
trypsin conjugate (Sigma) was used, Also a decrease in 
agglutination could be demonstrated in experiments using a 
Sepharose—neuraminidase conjugate (Sigma), although this effect 
may be due in part to the action of protease contaminates. Mild 
treatment with sodium periodate in controlled conditions quagti- 
tatively inhibited agglutination activity. Incubation conditions 
used were designed for the selective oxidation of terminal sialic 
acid residues’’. 


The heat lability, enzyme studies, and the hapten inhibition 
specificity suggest that the observed agglutination is not a 
result of the adventitious association of glycosaminoglycans 
or nucleic acids with erythrocytes. The activity we have identified 
in rat brain does not seem to be related to an agglutinin of 
formalin treated chick erythrocytes which accumulates in chick 
brain during embryonic development®. Agglutination produced 
by this extremely large proteoglycan-like complex cannot be 
inhibited by specific saccharides and its activity is insensitive to 
boiling. 

The peak of agglutination activity (Fig. 1) is coincident with 
the time course of maximum synapse formation in developing 
rat brain cortex?!. It is also interesting that the agglutination 
activity seems to parallel the temporal course of maximum 
in vitro cohesiveness of homotypic interactions of disassociated 
neuronal cells??:?3. These parallels are at best suggestive, and 
further experiments are required to implicate functionally this 
agglutination activity in the specific cellular interactions required 


for synapotogenesis and neuronal development. 


We thank Dr S. D. Rosen for discussions and Dr Rosen and 
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Effects of glycolipids on in vitro 
development of.neuromuscular junction 


THE nervous system has a unique distribution of glycolipids’, 
which changes markedly during growth of the animals? and in 
various inherited metabolic disorders’. No physiological roles 
for glycolipids in neural function are known, however. But, in 
nonneural cells glycolipids of the cell membrane are essential 
for cell recognition and interaction’. For example, some 
gangliosides act as receptors for various bacterial toxins? and 
globoside has been identified as the human P blood type 
antigen’. When administered in the medium, ganglioside can be 
incorporated into cell membranes and function as toxin re- 
ceptors’, Ganglioside added to the medium competes with 
membrane receptors by binding to the toxins®>, We reported 
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previously®® that the effects of some drugs and sera on the 
formation of neuromuscular junction in culture could be 
evaluated by recording the endplate potential (e.p.p.) from 
muscle cells combined withe the spal cord. We describe 
here the effect of glycolipids on the development of neuro- 
muscular junction in culture of skeletal muscle and the spinal 
cord. Globoside had biphasic effects, an inhibitory effect at the 
higher concentration and a facilitatory one at the lower con- 
centration or on bfief exposure at the beginning of the cul- 
tivation. Our evidence suggests that glycolipids are involved 
in formation of the neuromuscular junction. | 

Pectoral muscles and spinal cords were obtained from 10-11-d 
and 5-7-d chick embryos (White Leghorn) respectively. The 
muscles were dissociated to single cells by incubation in 0.25% 
trypsin and 2.5-5 x 10° cells were plated into a plastic culture 
dish (35 mm diameter,. Falcon). After 2 or 3 d of culturing 
muscle cells alone, fragments (about 15 pieces) of the spinal 
cord were added to each dish. The cord fragments were ob- 
tained by slicing the whole length of the hemisected spinal 
cord. The culture medium was Eagle's minimurf essential 
medium (MEM, Nissui) supplemented with 10% foetal calf 
serum, 5° chick serum (both Flow Labs.), 6 mg ml~? glucose 
and 0.06 mg ml~! kanamycin. The cultures were maintained at 
37°C in a humidified atmosphere of 95° air and 5% CO, 
At the time of plating the cord the medium was renewed and 
glycolipid (Table 1) was added. In some experiments globoside 
was added according to the schedule described in Table 3. 
Glycolipids were prepared as before'®~'*. Galactosylceramide, 
sulphatide and gangligsides (a mixture of Gyj-Gr, and 
Gui) were from bovine brain'’". Glucosylceramide was 
isolated from the spleen of a patient with Gaucher’s disease, 
and purified by Florisil and silicic acid colaamn chromatography. 
Haematoside (N-glycolylneuraminyl-galactosyl-glucosyl-cera- 
mide) and globoside (N-acetylgalactosaminyl-galactosyl-galac- 
tosyl-glucosyl-ceramide) were isolated from equine and 
human erythrocytes respectively!?*. The sugar chain of 
globoside (N-acetylgalactosaminyl-galactosyl-galactosyl-glu- 
cose) was obtained by ozonolysis and mild alkali treatment of 
globoside™:!*, and further purified by charcoal column chroma- 
tography. The purity of the oligosaccharide was checked by 
gas-liquid chromatography”. 

After furéher 2 d of coculture, the culture dish was mounted 
on the stage of an inverted phase-contrast microscope and 
membrane potentials of myotubes (multinucleated muscle 
cells) were recorded intracellularly with a KCl-filled electrode 
(resistance 15-20 MQ). The experiments were usually perfor- 
med in the fresh MEM without serum and glycolipid at 35- 
38 °C, The presence of glycolipid in the medium, however, did 
not interfere with measurement of electrophysiological para- 
meters, and did not alter the results. 

A proportion of myotubes, cultured for 2 d in combination 
with the spinal cord explant, spontaneously generated e.p.ps 
(ref. 8) (Fig. 1). The e.p.ps varied in amplitude from myotube 
to myotube (range 1-10 mV) and in frequency (0.5-30 per s). 
As in the previous studies*®, the presence of spontaneous 
€.p.ps was regarded as indicating the formation ofa neuro- 


SOOO EEEE ACCIACCA LLCO CA 
Table 1 Spontaneous e.p.p.s in myotubes cultured for 2 d with the spinal cord in the presence of glycolipids . 


No. of Myotubes 
Concentration myotubes with €.p.ps 
Glycolipid (mM) tested (%) 
None (control) 43 55 
Galactosylceramide 60 63* 
,Glucosylceramide 57 56° 
Haematoside 56 4i 
Sulphatide 0. 62 63" 
Gangliosides (Gu .-Gri) 0. 88 i 45 
MI 0. 57 Š , alt 
Globoside 0. a2 23t 


nnn aaa 
* P > 0.05, compared with control by x? test on 2 x 2 contingency tables. 


tP < 0.01. 
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Fig. 1 Photomicrographs of cultures of skeletal muscle and the spinal cord (sc) from the chick embryo, incubated for 2 d. a, Without addition 
of glycolipid, and b, in the presence of 0.25 mM globoside. Potential records 1-4 were obtained from myotubes 1-4 respectively, as indicated 
in the photomicrographs. Spontaneous e.p.ps were obtained from nfyotubes | and 2 but not from 3 and 4. 


muscular junction. The myotubes which were partially covered 
with the spinal cord explants or with numerous nerve pro- 
cesses were chosen for electrode penetration. Myotubes with 
a recorded resting potential lower than -40 mV ere not in- 
cluded in the study. Four independent myotubes were sampled 
for each explant and 10-12 myotubes were studied in each 
culture dish. Percentages of myotubes generating spontaneous 
€.p.ps were compared for seven glycolipid samples (Table 1) 
at a concentration of 0.5 mM, except for sulphatide. Sulpha- 
tide at concentrations over 0.1 mM was toxic to growth of 
muscle cells and nerve pr@cesses, so the effect on junction 
formation was studied at 0.05 mM. The results are summarised 
in Table 1. Compared with the control cultures grown without 
glycolipids, galactosylceramide and sulphatide showed high 
values and glucosylceramide was without change. Cultures 
grown with haematoside, the mixture of gangliosides, Gm, and 
globoside were lower in percentages of myotubes with e.p.ps 
than controls. This difference was Statistically significant only 
for globoside and Gmi, although growth of nervé and muscle 
did not seem to be impaired (Fig. 1 and see later). Further 
analyses were mainly made using globoside. | 

Effects of globoside varied wih concentration (Fig. 2); 
an inhibitory effect was observed at higher concentrations 
(0.25-0.5 mM), but junction formation was augmented at 
lower concentrations (8-63 uM). Biphasic effects were also 
observed with the sugar chain of globoside, although the 
transition from facilitation to depression occurred at a higher 
concentration than with globoside (Fig. 2). The experiments 
to determine whether there was a direct effect of globoside 
on the growth of nerve anc muscle are summarised in Table 2. 
Outgrowth of nerve processes was not affected. High con- 
centrations (0.25--0.5 mM) of globosidg sometimes impaired 
the growth of myotubes but resting potential, input resistance 
and acetylcholine sensitivity were,the same in cells cultured 
with and without globoside. Globoside thus has a rather selective 


effect on the junction formation. The incidence of junction 
formation was low in the presence of 0.5 mM Gyu but high 
at 0.25 mM (myotubes with e.p.ps constituting 72° of 40 cells 
tested). 

Globoside was also added to cultures for various times as 
shown in Table 3, at a constant concentration of 0.25 mM. In 
contrast with depression induced by exposure to globoside 
throughout the culture period (48h), exposure to globoside 


Fig. 2 Effects of globoside (©) and its sugar chain (@) on the 
development of neuromuscular junction in culture. Myotubes 
were cultured with the spinal cord for 2d in the presence of 
various concentrations of test substances. Ordinate shows per- 
centage of myotubes which were spontaneously generating 
e.p.ps. A dotted line indicates level of the control (55°, Table 1), 
The numbers of myotubes tested are shown in parentheses. 
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Table 2 Globoside effect on nerve and muscle cell culture growth 





Globoside concentration (mM) 0 0.05 . 0.25 
Process outgrowth from the spinal cord explants ° i 
Density 1.70.11 1.4+0.17 1.640.13 
Length 2.1 +0.12 2.0+0.23 ° 1.9+0.17 
(46) (24) (28) 
Electrical properties of myotubes 
Resting potential (mV) —56.5+418.1 —37.9+19.6 —~ 54.7 -+20.9 
184) (71) 155) 
Input resistance (mQ) 2.5 G) .0 2.64.0.7 
3 
Acetylcholine sensitivity (mV nC 7) 425 1436 483 a 
(13) 


Explants of the spinal cord from 6 d chick embryo were cultured for 2 d without muscle cells, with or without globoside. The extent of process 
outgrowth in fibre density and length was rated on an arbitrary scale of 0-3, a score of 3 indicating the maximum (modified from Mizel and 
Bamburg?’). Electrical properties of myotubes were obtained from the same cultures as for the junction formation. Input resistance was measured 
by two intracellular electrodg method. Acetylcholine was applied electrophoretically through micropipettes. In parentheses are numbers of the 
spinal cord explants or myotubes tested. No statistical significance was found when compared with the control (globoside, 0 mM). 


t r 


during the first 12-24 h markedly potentiated jynction for- 
mation. In these experiments the culture was repeatedly washed 
after the exposure, because even at a very low concentration 
globoside would ‘affect the succeeding culture (see Fig. 2). 
Exposure for the first 6h in a small number of experiments 
also showed mild augmentation of junction formation (not 
shown). Table 3 also shows that junction formation was low 
when globoside was applied later (12-24 h after plating the 
spinal cord). In a further experiment (not shown) globoside 
was applied to muscle culture for 24h before the spinal cord 
was added. When studied after 2 d of coculture with the cord, 
e.p.ps were observed in 40% of 50 myotubes. Growth of 
myotubes was slightly impaired in these cultures. This suggests 
that the facilitatory effect was exerted on the nerve rather than 
on the muscle cells. 


f e 





Table 3 Effect of time of globoside application (0.25 mM) on de- 
velopment of the e.p.ps in 48-h culture of muscle and the spinal cord 





Exposure time. No. of Myotubes with e.p ps 
* (h) myotubes tested (°%) 
0-48 147 36 
0-12 86 85* 
0-24 95 78* 
12-48 2 72 40t 
24-48 89 44} 





*P < 0.01 when compared with 0-48-h value by y? test on 2x2 
céntingency tables. 
t P > 0.05. 


Judging from the onset of appearance of the spontaneous 
e p.p.s, neuromuscular junctions tn these cultures were formed 
12-48 h after plating the spinal cord (most being formed at 
20-30 h). The fact that junction formation was stimulated by 
globoside during first 12h of exposure suggests that, before 
junction formation, globoside or its sugar chain induces 
changes in nerve and muscle which resulted in subsequent 
facilitation of junction formation. Globoside js probably in- 
corporated into cell membrane in a way analogous to that of 
ganglioside", although incorporation of globoside has not 
been studied. The globoside sugar chain, however, is probably 
not incorporated as a constituent of membrane globoside (as 
it is a saccharide, and not a glycolipid). Hence the facilitatory 
effect of globoside and its sugar chain may not necessarily be 
accounted for by an increased level of membrane globoside. 

High concentrations of globoside were inhibitory when 
added at the time of the junction formation (12-48 h after 
plating of the spinal cord). It 1s possible that the inhibitory 
effect may overcome the facilitatory one which has been exerted 
in advance: ~ 

Development of the chick embryo neuromuscular junction 
in vitro was thus markedly affected by globoside and Gm1- 
Further investigation is’ Soe to elucidate the mechanism 


of their action and also to find their role in the development of 
the neuromuscular system in vivo, The glycolipid composition 
of skeletal muscle is quite different from that of the nervous 
tissue!®, The effects of other glycolipids on junction formation 
will be studied later. 
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Antipsychotics block muscarinic 
acetylcholine receptor-mediated 
cyclic GMP formation in 

cultured mouse neuroblastoma cells 


ANTIPSYCHOTIC drugs (for example, phenothiazines, but- 
yrophenones) have side effects similar to those of atropine’, 

suggesting that they block the muscarinic acetylcholine receptor. 
Receptor-binding studies with radioactively-labelled ligands have 
been used to study the muscannic acetylcholine receptor and to 
show that antipsychotic drugs vary ın their potency at displacing 
the ligand from binding sites in rat brain homogenates? In all 
receptor binding studies it is essentiaf to demonstrate that binding 
data in fact reflect a drug-receptor interactién in a pharmacologi- 
cal sense+ These correlations are ideally determined using the 
same tissue for binding and for biological studies such as was done 
for gertam polypeptide hormone receptors* and for the £- 
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Fig. 1 The effect of carbamyl!choline on cyclic GMP formation mn 
cultured mouse neuroblastoma cells. Clone NIE-115 cells were 
cultured in Dulbecco—Vogt modification of Eagle’s medium (high 
glucose, no pyruvate, Grand Island Biological) supplemented with 
10% (v/v) foetal calf serum without antibiotics at 37°C in an 
atmosphere of 10°, CO.and 90°, humidified au Cells were grown to 
confluency in flasks (75%m? per 250 ml) withe20 mi of medium and 
maintained 1n stationary phase (requiring daily medium change) for 
6 d before assay For the assay cells were dissociated from the surface 
of flasks by incubation ın a modified Puck’s D, solution®, collected by 
low-speed centnfugation (500 rpm in Damon/IE@ CRU-5000 
centrifuge) and resuspended at a eae of 8 x 10° cells per ml in 
2.0 ml of phosphate buffered saline (PBS)-HEPES solution contain- 
ing 110 mM NaCl, 5 3 mM KCI, 1 8 mM CaCl,, 1.0 mM*MgCl,, 2 0 
mM Na,HPQO,, 25 mM glucose, 50 mM sucrose and 20 mM HEPES 
N-2-hydroxyethyl-pıperazıne-N -ethane titrated to pH 7 4 with | N 
NaOH The osmolality of this solution was 335-340 mOsm The cell 
suspension was then placed in a 25-ml Erlenmeyer flask to which was 
added U '*C-GTP (specific activity 523 mC: mmol” ') to give a final 
concentiation of 5 eM (1 FSC ml~'). and rotated at 37 C foi 45 
min at 80 r pm. Cells were then collected by low-s centrifu- 
gation, washed three times with 10 ml of PBS-HEPES to remove 
extracellular radioactivity, and resuspended in 5 mi of PBS-HEPES 
containing 0 5mM IBM X (Aldrich) The radioactive-cell suspension 
was then distributed in 250-1 aliquots into wells of a multi-well tray 
and incubated at 37 °C for 30 min at 80 oscillations per minin a shaker 
bath. A solution of carbamylcholine (Sigma) was then added ın 50 yl 
to gfe a final concentration of 1 mM. At the indicated times the 
reaction was stopped by the addition of 100 ul of 1ce-aold 50% (w/v) 
trichloroacetic acid (TCA) The TCA solution ın each well was then 
sonicated briefly (35 at setung no 3. Uluasome Cell Disruptei, 
Kontes Glass) before the addition 0 02 nC: of 8-°H-cyche GMP as 
internal standard Each sample wasg*then placed over an 0 8 x 8cm 
column of Dowex 50 (AG 50 W-X2, 200-400 mesh, Bio-Rad) which 
had been washed with water Each well was rinsed once with 500 yl of 
5% TCA and this wash was placed over the column. Radioactive 
cycle GMP was isolated from each column as described by Fujimoto 
et al ° Recovery of 7H-cyclic GMP internal standard averaged 86% 
The '*C-radioactivity in the fraction of the Column containing °H- 
cyclic GMP was identified as **C-cyclic GMP by high voltage 
electrophoresison Whatman No 1 paper(25mM NH,HCO, buffer, 
1kV. 5mA for 60min) and thin-layer chromatography (PEI- 
cellulose in two solvent systems n-propanol 1 N LiCl (1/1) and 2 N 
formic acid/2 M pCi (1/1) Of the recovered '*C-radioactivity, 
86-94", electiophoiesced o1 chiomatogiaphed with authentic cyclic 


GMP (Sigma) All ume points were determined in duplicate. , 


Corrections were made for recovery of the internal standard and the 
zero-time point value (5,800 d p m per 10° cells) was subtracted from 
each time point m 
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adrenergic receptor“. For the muscarinic acetylcholine receptor of 
nervous tissue, however, a direct correlation of binding data with 
pharmacological data has not been shown®. Thus, there remains a 
question whether the displacement by antipsychotic drugs of a 
radioactively-labelled muscarinic receptor antagonist from brain 
homogenates reflects blockade by these drugs of this receptor. We 
report here that antipsychotic drugs block the muscarinic acetyl- 
choline receptor in cultured nerve cells. 

For these studies we developed a technique to assay rapidly 
muscarinic acetylcholine receptor-mediated formation of cyclic 
GMP ın intact cells of adrenergic mouse neuroblastoma clone 
NI1E-115. We have studied this clone'in cell culture as a model for 
the adrenergic neurone using biochemical, pharmacological and 
electrophysiological techniques’. The assay for cyclic GMP (to be 
described in detail elsewhere) involves radioactively-labelling 
intracellular pools of GTP and isolation of radioactively-labelled 
cyclic GMP over a cation exchange resin column 
' The formation of '*C-cyclic GMP from '*C-GTP in living 
mouse neuroblastoma cells occurred rapidly after addition of 
carbamylcholine to the cells (Fig. 1). The peak of '*C-cyclic GMP 
was atabout 45 sin the presence of the phosphodiesterase inhibitor 
3-1sobutyl-l-methylxanthine (IBMX) (Fig. 1) and at about 30s in 
the absence of IBMX (data not shown). Since stimulation of the 
formation of radioactively-labelled cyclic GMP in intact clone 
NIE-115 cells was inhibited by atropine (Kp =2 x 107°M, E.R, 
unpublished data) and unaffected by hexamethonium (0.1 mM, 
E.R., unpublished data) we concluded that this effect was 
mediated through the muscarinic acetylcholine receptor. Others 
have found similar results,with this clone’°, autonomic ganglia 
and brain tissue’* A possible role of muscarinic cholinergic 
regulation of cyclic GMP in synaptic transmission has been 
proposed?!. 7 


Fig. 2 Effect of an antipsychotic drug on the carbamylchohne 
dose~—response curve. Mouse neuroblastoma clone NIE-115 (subcul- 
ture 14) was assayed for carbamylcholine-strmulated cyclic GMP 
formation as described ın the legend to Fig 1 except for the following 
modifications. Cells in PBS-HEPES with 05mM IBMX were 
distributed ın 250 yl aliquots to each well, 30 ul of PBS-HEPES was 
added with or without thiomdazine (Sandoz) and the cells"were 
incubated for 30 min before addition of carbamylcholine tn 20 ul 
There were approximately 3 1 x 10° cells and 224 ug of protein per 
well. Cell counts were determined with Coulter counter; protein was 
determined by the modification of the meghod of Lowrey er al '?, 
using bovine serum albumin as standard ©, No antagonist, (J, 
thioridazine I x 1077 M; A, 5x107 M thioridazine 


'4C-cyclic GMP (1073 x d.p.m. per 10° cells) 
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Dose-response curves for carbamylcholine (Fig 2) were shifted 
to the nght in the presence of antipsychotic drugs (as for example, 
by the piperidine phenothiazine, thiondazine, Fig. 2). The parallel 
shift of the dose-response curve indicates competitive inhibition 
and allows the determination of the equilibmum dissociation 
constant for the antagonist-receptor complex from the equation 
Ky =(DR-— 1)/[B] where DR =dose ratio and [B] =concentration 
of antagonist’*'*. In this manner, Kg values for a number of 
antipsychotic drugs were determined (Table 1). The potency of 
these antipsychotic drugs varied over a broad range Thus, the 
most potent drug, clozapine (a dibenzodiazepine) was about 10* 
times more active than the least potent drug prochlorperazine (a 
phenothiazine) The rank order of potency of these drugs in our 
system was much the same as that obtained using receptor-binding 
studies with rat brain homogenates?**. Thus, using a biological 
assay for the muscarimic acetylcholine receptor, we have de- 
monstrated that- antipsychotic drugs competitively block this 
receptor, thereby blocking muscarinic receptor-mediated for- 
mation of cyclic GMP. DEE. 





Table 1 Equilibnum dissociation constants (X,) for antipsychotic drugs 
and the muscarinic acetylcholine receptor 





Compound (Ky) (M) 
e ' 1 

Clozapine 3x 10" 
Thioridazine 6 x 107 

Mesoridazine 6 x 10-8 
Promazine 2x 10-* 
Chlorpromazine 2x 10° 
Fluphenazine 2x 10- 
Perphenazine 4x 107 

Acetophenazine 4x 10°° 
Halopendol 7x 10$ 
Tnfluoperazıne 2x10 : 
Prochlorperazine 4x 107 


Each compound was tested at 2 different concentrations 1y a manner 
simular to that for Fig 2 Kp values were calculated from the shift in the 
dose-response curves as described in the text Average values are reported 


It is hkely that m vivo antipsychotic drugs block both 
acetylcholine-stimulated guanylate cyclase activity and 
dopamine-stimulated Adenylate cyclase activity. Effects of anti- 
psychotic drugs on receptor-mediated formation of both cyclic 
GMP and cyclic AMP may relate to the therapeutic effects as well 
as the side effects (such as drug-induced Parkinsonism and tardive 
dyskinesia) of these compounds 
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Response of acetylcholine receptors 
to rapid photochemically produced 
increases in agonist concentration 


SYNAPTIC transmission to muscle fibres and electroplaques takes 
place on a milliseconel tumescale To study the molecular events 
leading to activation of the cholinergic receptor channel, we have 
developed a method to produce similarly rapid, spatially uniform 
steps of agonist concentration near intact postsynaptic memb- 
ranes. Efectrophorus electroplaques in a voltage-clamp apparatus 
were exposed to a solution containing a photochromic compound 
Initially the compound was ina predominantly cis form, which had 
little effect on the membrane. During a brief light flash, some of the 
compound was isomerised to the trans isomer, which 1s a 
cholinergic agonist. As a result the membrane conductance 
increased along a timecourse which reflects the rate processes 
underlying activation of the cholinergic receptor channel. 

Bartels et a/.' first described the photochemistry and pharma- 
cology of 3,3-d1s-{a-(trimethylammonium)methyllazobenzene 
(bis-Q, see Fig. 1) In confirmation of their results, we have found 
that a curare-sensitive conductance 1s induced in the innervated 
membrane by bath application of solutions containing trans-bis-Q 
(ref 2) We have also exploited the fact that for a given 
concentration of any agonist the steady-state number of open 
receptor channels increases as the voltage 1s made more negative 
After a voltage jump the agonist-induced current relaxes exponen- 
tially toa new equilibrium value, at low agonist concentrations the 
relaxation time constant equals the lifetime of the elementary 
change (‘channel’) caused by agonist? ° With trans-his-Q, this 
time constant was about 11 msat 10 °Cand — 150 mV, and about 
2.5 ms at 24 °C and the same voltage. Roughly equal values are 
obtained with acetylcholine (ACh) itself in similar conditions 

Many quaternary ammonium compounds possessing aromatic 
groups produce an apparent non-competitive, voltage-dependent 
blockage of ACh receptors*:’, but such effects are small or absent 
with bis-Q at the congentrations used hese 

We have also confirmed the observation! that the cus isomer has 
much less effect on ACh receptors, although its precise pharma- 
cology is ungertain because it has not yet been isolated ın pure 
form The cis and trans isomers are stable in the dark but readily 
interconvert when exposed to light of appropnate wavelengths 
(Fig 1). This property affords the opportunity to observe the 
response to rapid ‘agonist concentration jumps’. 

Before such experiments the /7s-Q solutions were converted toa 
predominantly crs form by exposure to 360-nm light until no 
further changes ın optical density were noted at 318 nm, Bartels et 
al ` estimated that the resulting ‘photostationary’ state consists of 
85% cis and 15% trans (active) isomer. Consequently, small 
agonist-induced currents appeared when this solution was allowed 
to equilibrate with the innervated face of an electroplaque, at 


Fig. 1 Buis-Q, a photochromic agonist 


> Visible 
cis -= bis -Q == trans ~ bis -Q 
Ultraviolet 
N==N 
CH, s i CH, 
N*(CHg)3 N*(CH3)3 
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—150 mV these ‘initial agonist-induced currents were roughly 
2 mA cm7~7in thecell of Fig. 2a, and 5 mA cm~*in Fig. 2b Aftera 
voltage jump, ‘relaxations of the agonist-induced current re- 
sembled those seen with low congentrations of frans-bis-Q There 
are at least two components. A fast (<500 ys) phase ıs kinetically 
not resolvable and accoynts for 10-25% of the relaxation ampli- 
tude. This component probably‘results from instantaneous rec- 
tification in the small number of channels opened by tans-bis-Q at 
positive potentials* The slower part of thegrelaxation follows an 
exponential timecourse, and arises because the number of open 
receptor channels increases after the voltage yump*. 

We then compared the behaviour of the conductance during 
voltage-jump ‘relaxations and agonist concentration-jump 
relaxations induced by light flashes (Fig. 2) An energy of 75 J was 
discharged through a xenon-filled ‘short-arc’ flash tube. The light 
was led through a fibre optic bundle to the pool, roughly a l-cm 
cube, bathing the innervated face of the voltage-clamped 
electroplaque. The fibre bundle filtered out most of the ultraviolet 
light. Between light flashes the preparation was kept in the dark 
When tke pool contained cis-bis-Q, we found with spectral 
measurements that each flash converted about 2 5% of the cis to 
the transisomer. a 

Although ‘voltage-jump’ relaxations occurred with all known 
agonists* ©, conductance changes following a light flash were 
observed only when the solution contained crs-bis-Q and notin the 
presence of agonists, such as suberyldicholine or pure trans-bis-Q, 
which are photostable at the wavelength used. The agonist 
concentration jump produces an increase of: membrane con- 
ductance. (We have not yet succeeded in generating ultraviolet 
flashes strong enough to produce rapid*conductance decreases due 
to trans—cis isomerisation.) Like the voltage-jump relaxations, 
the concentration-jump relaxation amplitudes are reversibly dim- 
inished about fivefold by (+)-tub6curarine (1 uM).. Thus there 
seems little doubt that the agonist concentration-jump relaxations 
reflect a rate-limiting process in the. activation of channels 
controlled by nicotinic acetylcholine receptors 

As shown 1n Fig. 2, the conductance increase 1s substantially 
complete within the first few milliseconds following the flash and 


Fig. 2 Voltuge-and agonist-yumps ın the piesenceof is-Q- 
(044M) Two cells‘at different temperatures, note dsfferent time- 
scales for a and b Each panel shows six superimposed episodes 
repeated at intervals of 4s Top trace shows voltage, during each 
pe the voltage was jumped from +50 to —150 mV A hght flash 
occurred later in each e sprod, and was monitored by a 
Pen or (muddle trace). The episodes shown here included the 
six Iight flashes Bottom traces show agonist-induced currents 
Separate control trials, measured with the same voltages but without 
Bis-Q present, gave the leakage and capacitativecurrent alone These 
currents have been subtracte@l from the traces shown‘. Zero current 
levels were off scalein the onginal records, they were determined from 

simultaneous low gain records and are shown as dashed lines Before 
the first flash about 15°, of the bn-Q was in the trans state, 
consequently there was an imtial level of agonist-induced curent 
Each flash resulted in an increment of n ans-br-Qconcentration Asa 
result agonist-induced current mncreased by about 20% of the initial 

level with each flash 





20 ms 
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stable at least until the next episode (4 s latér ın the experiment of 
Fig. 2, several minutes later in other experiments) The voltage- 
and concentration-jump relaxations have similar timecourses at a 
given membrane potential and temperature. Presumably the rate 
of cis-+ trans 1somerisation 1s at least as fast as the flash, which 
lasted about 2 ms, after the flash the agonist concentration-jump 
relaxations followed an exponential timecourse. For the six traces 
of Fig. 2a, measured at 10 °C, the major, exponential component 
of the. voltage-jump relaxation had a time constant of 
6.94+0.29 ms (mean +s e.). The agonist concentration-jump re- 
laxation hada time constant of 6.80 +0.28 ms. At 24 °C (Fig. 25), 
the values: were 1.78+0.09ms for the voltage jump and 
1,750.14 ms for the agonist concentration ump. On average, the 
time constants decreased by about 1% after each flash for the first 
20 flashes; this observation is not surprising since voltage-jump 
relaxation times decrease with increasing agonist son- 
centration*’*. The time constants vary markedly with tempera- 
ture, suggesting that channel opening’and closing are rate-lumited 
by a chemical, probably macromolecular, process rather than by 
simple diffusion of newly created agonist molecules toward their 
site oftaction. . 

Several electrophysiological techniques are now available for 
probing the opening and closing kinetics of acetylcholine receptor 
channels Thus it 1s possible to compare (a) the decay of neurally 
evoked postsynaptic currents and of spontaneous miniature 
postsynaptic currents? 7-8-!° (b) the duration of single-channel 
currents''; (c}the power spectrum of ACh-induced conductance 
fluctuations? '? '3, (d) voltage-yjump relaxations*~°, and (e) the 
present agonist concentration-jump relaxations. For the first two 
experimental procedures, kinetic data are dominated by the 
closing rates, data from the last three procedures sometimes have 
comparable contnbutions from the opening rates as well*. The 
time constants derived from all these experiments agree well in 
comparable conditions of agonist, concentration, voltage, and 
temperature. These facts suggest that the opening and: closing of 
the channel are governed either by true first-order processes such 
as intramolecular 1somerisations, or by pseudo-first-order pro- 
cesses such as binding of agonist molecules whose concentration 
remains essentially constant during the measurement. To distin- 
guish among these possibilities, we require umprovements ın the 
agonist concentration-jump technique coupled with sishilarly 
rapid measurements of binding and of conformational changes'*. 

We thank D. Williams for assistance with the animals, W. L. 
Crowder for help with electronics, D. D. Koblin for participating 
in some of the experiments, M A. Raftery for the-use of a 
spectrophotometer, E, Neumann for helpful discussion, and the 
Chadwick-Helmuth Corporation (Monrovia, California) for the 
‘loan ofa flash tube and power supply. This work was supported by 
the NIH, by the Muscular Dystrophy Association, and by an 
Alfred P. Sloan Fellowship to H.A.L. 
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Release of dopamine in vivo 
from cat substantia nigra 


THE central aminergic neurones present some original characteris- 
tics By means of quantitative autoradiographic studies, ıt has been 
demonstrated that serotoninergic terminals projecting fnto the 
cerebral cortex and the locus coeruleus exhibit very few classical 
synaptic contacts!'*. This has also been seen with cortical nora- 
drenergic terminals’ It has been suggested that the amines could 
be released not only ın synapses, but also from varicosities devoid 
of synaptic Junctions. they could thus act as neuromodulators at 
some distance from the release sites. It has also been proposed that 
dopamine could be released from dendmntes of nigrostriatal 
dopaminergic neurones? Indeed, a release of endogenous dop- 
amine (Cuello, personal communication) or of labelled dop- 
amine*> previously taken up in tissues, has been demonstrated 
using slices of the rat substantia migra exposed to a high 
concentration of potassium (30 mM). This process was calcium 
dependen? An indication of possible dendritic release was also 
obtained indirectly in vivo by measuring dopamine metabolites in 
the rat substantia nigra®. Dihydroxyphenylacetic acid and hom- 
ovanillic acid levels were increased after stimulation of the medial 
forebrain bundle, which contains axons of various ascending 
aminergic pathways including the nigrostriatal dopaminergic 
system Therefore, dopamine could be released*not only from 
nerve terminals in the striatum, but also from dendrites in the 
substantia nigra. If the latter mechanism was occuring in phys- 
iological states, it could have important implications for the 
understanding of the regulatory processes involved in the control 
of the activity of the dopaminergic neurones. It thus seemed 
necessary to demonstrate directly an ın vivo release of dopamine in 
the substantia nigra. 

Experiments were carried out in halothane-anaesthetised cats. 
A push-pull cannula was inserted into the substantia nigra 
(stereotaxic coordinates: A = 35;L = 4, H = — 4)allowingthe 
superfusion of the structure with artificial cerebro-spinal fluid 
containing 20-25, Ci per 500 ul L-3, 5-*H-tyrosine (40-50 Ci 
mmol, Radiochemical Centre, Amersham, UK) at a rate of 500 
ul per 15 min. 7H-dopamine formed and released extraneuronally, 
was estimated in senal 15-min superfusate fractions using an 
isolation procedure as described previously’ In some experiments 
the push-pull cannula was introduced into the left caudate nucleus 
(A = 16, L = 5; H = +5). This experimental approach for the 
study of dopamine release from nerve terminals has already been 
used successfully? i 

When the tip of the push-pull cannula was positioned precisely 
in the substantia nigra, as revealed by postmortem histological 
control, >H-dopamine could be easily estimated in the super- 
fusates One hour after the beginning of the experiments, *H- 
dopamine release reached a steady-state level (about 20 times the 
blank value) which persisted during the entire course of the 
superfusion (Fig 1) As checked by cochromatography, *H- 
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Fig. 1 Spontaneous release of 7H-dopamine from substantia nigra 

in halothane-angesthetised cat 3H-dopamine was estimated in serial 

superfusate fractions (15 min each) collected ‘from a push-pull 

cannula during the continuous local superfusion of the left sistantia 

nigra with anartificial CSF containing L-3,5-3H-tyrosine (20-25 pCi 

per 500 74 for 15 min) in halotpane-anaesthetised cats Data repre- 
sent mean + sem of results obtained in four experiments 


dopamine was the only labelled catecholamine released (Fig. 2) 
The quantity of 7H-dopamine spontaneously released into the 
substantia nigra was 3—4 tfmes lower than that found in compara- 
ble experiments carried out ın the left caudate nucleus (Table 1). 
We attempted to demonstrate that varigus treatments could 
influence the spontaneous rel€ase of endogenously synthesised 3H- 
dopamine ın the substantia nigra When potassium (30 mM) was 
introduced for 15 min on the CSF, the release of >H-dopamine was 
markedly enhanced This stimulating effect was of short duration, 
the qualities of *H-dopamine released returned to the steady-state 
value as early as 15 min after the end of the potassium application 
(Fig 3A) . á 
(D)-amphetamine and benztropine markedly enhanced the 
release of 7H-dopamuine synthesised from L-3,5-*H-tyrosine ın the 
caudate nucleus*"?° by stimulating the transmitter release and 
inhibiting its reuptake It was therefore of interest to determine 
whether these drugs were exerting similar effects in the substantia 
nigra, rich in dopaminergic dendrites Both drugs, introduced for 
15 min into the superfusing fluid immediately enhanced the 
transmitter release. The effect was of short duration with (D)- 
amphetamine, but persisted with benztropine even though the 
drug had been removed from the artjficial CSF (Fig 36 and c) 
These results provide the first direct demonstration of the 
spontaneous and evoked release of dopamine endogenously 
synthesised in the substantia nigra in physiological states Itcan be 
assumed that the transmitter 1s released from dendrites, as 
suggested initially by Bjorklund and Lindvall? on the basis of 


Table 1 Effects of TTX on 34{-dopamine release from caudate nucleus and substantia nigra of the cat 


Structure , n 

Caudate Control 4 

nucleus TTX (5 x 107 7M) 4 
% Change., 

Substansia Control 3 

nigra TTX (5x 1077M) 3 
% Change 


nC per 15 min #uccessive fractions 


0-15 min. ' 15-30 min 30-45 min ~ 45-60 min 
3 14+0.40 3 27 +0.28 3 244024 3 21 +0.36 
2234017 1.92+0 13* 1.6240 26% I 49+0 10* 

—29% -41% —~ 50% — 54% 
0 844010 i 0854011 0.80 -+0 09 0 82+012 
1.42+0 16* 1064014  114£010* 103+6 13 

+69% +25% +43% +26% 





A discrete area of either the caudate nucleus or the substantia nigra of halothane-anaesthetised cats was superfused continuously with an artificial CSF 
containing L-3,5->H-tyrosine (20-25 uC: per 500 ul for 15 min) using a push-pull cannula Hi do pasate ts estimated in 15 min successive superfusate 


fractions TTX (5 x 10°? M) was added for | hto the superfusion fluid 180 min after the onset of the supe: 


usion Data represents the mean +sem of7H- 


dopamune quantities found ın the four fractions during TTX application and in corresponding fractions of control animals 


p < 005 compared with respective control 


+ 
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Catecholamune identification 


histochemical studies. Indeed, these authors observed a 
dopamune-containingvaricose dendgitic network well organised in 
the pars reticulata of the rat substantia nigra. Our results confirm 
and extend the in vitro findings of Geffen et al.* and Cuello and 
Iversen*. *H-dopamine release was not only enhanced by po- 
tassium, but also by drugs affecting the release and/or re-uptake of 
dopamine in nerve terminals. It seems that dopamine released 
from dopaminergic dendntes can be partly inactivated by a potent 
t i ` 
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Fig. 2 Identification of the %H- 
catecholamine released from the sub- 
stantia nigra. *H-catecholamunes in 
superfusates were isolated from °H- 
tyrosine and *H-metabolites by Am- 
berlite ion-exchange chromatography 
and adsorption on alumina columns. 
Hydrochloric acid eluates of alumina 
columns corresponding to successive 
samples Were pooled and submitted to 
thin-layer cochromatography on cel- 
lulose plates using n-butanol, acetic 
acid and water (4.1:2 v/v) as solvent. 
a, >H-dopamine standard; b, spots of 
the carriers as revealed by ninhydrin; 
c, *H-dppamine identification ın 
pooled samples collected during the 
superfusion of the caudate nucleus, d, 
3H-dop e identification ın pooled 
samples collected during the super- 
fusion of the substantia migra. DA, 
Dopamine, NA, noradrenaline 


re-uptake process, as observed tn nerve terminals. The presence of 
an acttve dopamine uptake process in dendrites has already been 
suggested in biochemical‘, histochemical? and autoradiographic 
studies?!:!?, Exogenous dopamine can be taken up in slices of the 
rat substantia nigra* and visualised in dendrites*; labelled dop- 
aminergic dendrites were seen after an intraventnicular!!12 or 


local inje€tion of *H-catecholamines*. The dopammergic de- 


ndrites contain tyrosine hydroxylase as indicated by a recent 


Taa 


180 240 


Kd 


D-Amphetamine 1076M 


Fig, 3_ Effects of K, (D}-amphetamine and benztropine on release of *H-dopamine from cat substantia nigra. A discrete area of the left substantia 


nigra was continuously supe 


with artificial CSF contaimng L-3,5-7H-tyrosine (20-25 uC1 per 500 ul for 15 min) using a push-pull cannula The 


collection of superfusates (15 mim each) for 7H-dopamine estimation started 105 min after the beginning of the superfusion. Three hours after the 


onset of the superfusion, 
introduced into the substantia migra 


(30 mM), (D)-amphetamine (10° M) or benztropine (10° M} was added for 13 min (hatched bars) to the medium , 
n each animal, *H-dopamine in eac 


successive traction was expressed as a percentage of an average 


spontaneous release calculated from the five fractions collected before the drug application (105-180 min). Data are mean + s e.m. of results obtained 


with groups of n aninfals *P<0.05 when compgred with corresponding control values obtained ın four animals. 
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ummunohistochemical study!*. Our results suggest that the local 
rate of the transmitter synthesis is important and can efficiently 
supply the release process. In fact, the steady-state level of °H- 
dopamine synthesised from L-3,5-3H-tyrosine was reached even 
faster than ın the caudate nucleus? 

The push-pull cannulae used allowed the superfusion of an area 
of approximately 2.6 mmê. Therefore, *H-dopamine released 
could originate from the pars reticulata as well as from ‘the pars 
compacta. It cannot be excluded that 7>H-dopamune ıs partly 
released from dopaminergic cell bodies or axonal collaterals, or 
even from hypothetical dopaminergic intrinsic neurones In any 
case, the release of dopamene at the level of the substantia nigra 
seems to be somewhat different from that observed in nerve 
terminals. This could be shown using tetrodotoxin (TTX). By 
blocking sodium channels, TTX suppressed the nerve impulse flow 
and subsequently the release of transmitters from nerve terminals. 
Thus, when TTX was introduced into the CSF superfusing the 
caudate nucleus, the release of 73H-dopamine was reduced by about 
50%, as shown previously®. Surprisingly, an opposite effect was 
observed when TTX was introduced into the substantia nigra In 
most superfusate fractions, the release of *H-ddpamine was 
significantly increased (Table 1). This orginal finding may be 
interpreted as follows: TTX, by blocking nerve impulse flow in 
afferences, may suppress tonic inhibitory influences on the activity 
of dopaminergic neurones. It obviously cannot suppress, however, 
the release of dopamine from dendrites as seen in nerve terminals, 
since 3H-dopamine release was increased in the presence of TTX. 
Therefore, ıt may be suggested that dopamine release from 
dendrites 1s not umpaired by blocking sodium channels. 

Dopamine released into the substantia nigra seems to have a 
physiological role. On the basis of microiontophoretic elec- 
trophysiological studies, Aghajanian and Bunney!* postulated 
that the amine inhibits the activity of dopaminergic cells by acting 
ondopaminergicautoreceptors This dopamine effect is supported 
by recent experiments using our cat preparation. Dopamine 
(107 M) introduced into the substantia nigra inhibited the release 
of newly synthesised 7>H-dopamine in the ipsilateral caudate 
nucleus!*. This effect was also observed with concentration of (D)- 
amphetamine and benztropine sumilar to those used in the present 
study, Since dendrodendritic contracts have been observed in the 
substantia nigra*:'®, ıt can also be speculated that dopamine 
released from dendrites may affect the activity of neighbouring 
dopaminergic neurones: lateral inhibition 1s a process which has 
been extensively descuibed by neurophysiologists'? Finally, a 
dopamine-sensitive adenylate cyclase has been found in the 
substantia nigra!®-?°, particularly in the pars reticulata’®’ Lesion 
studies have indicated that this adenylate cyclase system 1s not 
located ın dopaminergic neurones but on descending neuronal 
afferents?® which are presumably GABA-ergic or substance P- 
ermet, The dopamine postsynaptic receptors associated with this 
dopamine-sensitive adenylate cyclase could be influenced by 
dopamine released from dopaminergic dendrites It can thus be 
postulated that local interneuronal feedback processes participate 
in the control of the dopaminergic neuronal activity Dopamine 
released in vitro from dopaminergic dendrites may modulate nigral 
afferents at a presynaptic level 
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High affinity uptake of glutamate 
in terminals of corticostriatal axons 


GLUTAMIC ACID (glu) may be the transmitter of a large 
proportion of excitatory synapses in the brain’, but glu is 
also important in cell emetabolism, and the apparent lack 
of biochemical ‘markers’ associated with the role of glu as 
a synaptic transmitter has until recently hampered the 
localisation of potential ‘ghutamergic’ neurones. High affinity 
uptake of glu?’ is, however, highly specific? and seems to 
be selectively localised in the excitatory granular cell ter- 
minals in the cerebellum‘, and in three systems of excitatory 
nerve endings in the hippocampal formation, as shown by 
autoradiography’ and quantitative measurements’. In the 
conditions used in these studies, glial uptake of glu’* was 
found not to be quantitatively important. In the hippocam- 
pal systems, iontophoretic studies? and release experiments” 
strongly suggest that glu, and/or aspartic acid (asp), may 
be the transmitter. It thus seems that high affinity uptake 
of glu may be useful as a marker for putative glutamergic 
and/or aspartergic nerve endings. The question of whether 
the uptake of [*H]glu, as measured in vitro, represents 
net accumulation or homoexchange™ is not crucial in the 
present context. The neostriatum (nucleus caudatus- 
putamen) receives a large excitatory projection from the 
neocortex’”’*. Iontophoretic studies suggest that this could 
use glu or asp as its transmitter’’*. We here demonstrate 
that high affinity uptake of glu is selectively.reduced in the 
neostriatum after lesions in the neocortex. 

Male Wistar rats (250 g) were used. The frontal cortex, 
between the frontal pole and the frontoparietal suture, was 
removed down to white matter by suction through a fine 
needle undgr microscopic guidance. In sham-operated 
animals the skull was opened, but no lesion made; un- 
operated controls were only anaesthetised. After 7 or 14d 
the animals were decapitated and frontal slices (about 1 mm) 
of the brains were prepared in the cold on a Sorvall tissue 
sectioner. The caudatus—putamen (avoiding the nucleus 
accumbens) was dissected from the rostral 1-2 slices con- 
taining the nucleus to obtain samples receiving cortical 
afferents predominantly from the lesioned part of the 
cortex. Histological preparations from other operated 
animals showed that the caudatus-putamen was not 
directly damaged by the lesions. The dissected samples were 
weighed on a Mettler microbalance and homogenised in 
50 volumes 032M sucrose solution with 5mM Na phos- 
phate buffer, pH7.9, in a glass-Teflon homogeniser, to 
produce suspensions containing nerve ending particles. 

High affinity uptakes Df glu and y-aminobutyric acid 
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Table 1 Seleative reduction ın high affinity uptake of glu in neostriatum after cortical lesions 
Choline DOPA 
Sample nN, Uptake of glu Uptake of GABA glu decarboxylase acetyltransferase decarboxylase 
6 113412" 30+3 1,970 + 180 3,590 +210 863 +72 
N 6 193 -+14f 3443 1,740 4-120 3,580 +310 8704-118 
C 7 à 239410 32+2 1,800 + 160 3,480 +370 9134-53 


Results are presented as nmol/min/g protein +s.e.m. of n samples. 


Land N, lesioned and contralateral side, respectively, ın operated animals; C, right and left sides in sham-operated (2) and unoperated animals 


(2). 


*P < 0.001 compared with C; P < 0.005 compared with N (Student’s ¢ test, both tails). 


tP < 0.025 compared with C. Other differences were non-significant (P > 0.2). 


(GABA) were measured by incubating 5 wl homogenate 
with 500 ul Krebs—phosphate solution at 25 °C for 3 min‘. 
The reaction was started by adding 50] Krebs solution 
containing L-[3-"H]glu (New England Nuclear, Boston, 
Massachusetts, 15.8Ci mmol’, diluted with unlabelled mono- 
sodium “glutamate to give a specific radioactivity of 
1.14 Cimmol™) and [U-'*C]-y-aminobutyric acid (Radio- 
chemical Centre, Amersham, UK, 224 mCi mmo?P”) to give 
final concentrations of 1 uM. Separate studies have shown 
that GABA and glu do not interact with each other’s up- 
take in such conditions’. After incubation the samples 
were diluted with 4 ml ice-cold 0.9 NaCl, collected on Milli- 
pore filters (0.45 um), and rinsed with another two portions 
of 4 mi NaCl. The filters were eluted in 1.2 m! 10% Triton 
X-100 and counted with 10ml Diluene (Packard) in a 
Packard liquid scintillation spectrometer (model 3380) fitted 
with an absolute activity analyser (model 544) giving d.p.m. 
for `H and “C separately. Samples incubated at 0°C, but 
otherwise treated identically, served as blanks. Experimental 
and contro] samples were run together. Uptake of glu and 
GABA were linear with the amount of striatal tissue up to 
at least 100 ne wet weight. Protein’, glutamate decarboxy- 
lase”, choline acteyltransferase“® and DOPA decarboxylase”, 
were determined essentially as described previously. 

After lesions of thé frontal cortex there was a selective 
reduction in glu uptake in the nucleus caudatus—putamen, 
by 41% when the operated side was compared to the con- 
tralateral side, or by 53% compared with unlesipned animals 
(Table 1). The slight reduction on the side contralateral to 
the lesions compared with unlesioned animals is probably 
due to the fact that the corticostriatal projection is partly 
crossed™. The reduction in glu uptake on the lesioned side 
was somewhat larger at 14d (64% reduction compared with 
intact controls, 2 animals) than at 7d survival time (449% 
reduction, 4 animals), bué the results were pooled in Table 
1. The lack of change in GABA uptake suggests that the 
reduction is not due to an unspecific interference with up- 
take processes. The absence of change in markers for 
alleged GABAergic (glu decarboxylase, GABA uptake), 
cholinergic (choline acetyltransferase} and dopaminergic 
neurones (DOPA decarboxylase) demonstrates that the 
reduction in glu uptake is not due to a general effect on 
neurones in the caudatus—putamen. The possibility that the 
selective reduction in glu uptake could be due to trans- 
synaptic changes—for example, in other excitatory afferents 
—can not be completely rujed*out, but seems rather un- 
likely. 

Since the acidic amino acids, glu and asp, have similar 
or identical high affinity uptake systems’*, and since glu 
uptake, measured in our conditions, seems to be a useful 
marker for nerve endings utilising acidic amino acids as 
transmitters’’*, our results suggest that the neocortico— 
neostriatal projection could use glu or asp as its transmitter. 
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Benzoļalpyrene 7,8-dihydrodiol 
is more carcinogenic than , 
benzo[a]pyrene in newborn mice 


THE pioneering research by James and Elizabeth Miller relating 
the carcinogenic effects of many chemicals to the metabolism of 
these compounds to reactive intermediates which bind to critical 
cellular compoenents’*? led to studies of the nature and chemical 
structure of these reactive metabolites (ultimate carcinogens) and 
their metabolic precursors (proximate carcinogens). The en- 
vironmental carcinogen benzo[a]pyrene (BP) 1s metabolised by 
microsomal e es to arene oxides, phenols and dihydrodiols. 
Metabolic activation of the BP metabolite (+)}trans-7,8- 
dihydroxy-7,8-dihydrobenzola]pyrene (BP 7,8-dihydrodiol) by 
liver microsomes resulted in more binding to DNA than did the 
metabolic activation of BP (ref 3). The reactive metabolite 
involved in the binding to DNA was a tvans-7,8-dihydroxy-9, 1 0- 
epoxy-7,8,9, 10-tetrahydro BP (BP 7,8-diol-9, 10-epoxide) (ref. 4). 
Both stereoisomers of this diol epoxide, which are enzymatically 
formed from BP 7,8-dihydrodiol (refs 5-8), were highly mutagenic 
to bacterial and mammalian cells®-'> suggesting ‘that a BP 7,8- 
diol-9, 10-epoxide might be an ultimate carcinogenic metabolite of 
BP. We report here that administration of BP 7,8-dihydrodiol to 
newborn mice caused more malignant lymphomas and pulmonary 
adenomas than did administration of benzo[a]pyrene. This is the 
first demonstration of a metabolite of a polycyclic aromatic 
hydrocarbon that is more carcinogenic than the parent compound 


— 


Ls 
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Table 1 Carcinogenic activities of BP, BP 7,8-dihydrodiol and diol epoxide-2 ın newborn mice 


Age 4-17 weeks _ Age 18-24 weeks 
No of.animals with | * No 6fanimals with: 
Total No of No. of No. of 
dose SUIVIVOTS animals malignant lung animals malignant , lung other 
Treatment (nmol) Sex at 25d autopsied lymphoma adenomas autopsied lymphoma adenomas , tumours 
g ' 34 — ° — — 32 0 2 
Control 0 Q 17 — — — lp 0 0 
Total 51 — — — 48 0 2 
g 26 — — — 24 0 18 * 
BP 1400 g 24 ] 0 l 20 0 19 
‘potal 50 l 0 l 44 0 37 
BP 7,8- 3 24 9 5 3 12 8 11 t 
dihydrodiol 1400 2 40 17 12 5 12 10 1] t 
Total 64 26 17 8 24 18 22 
Diol 28 g 17 — — — 17 0 1] 
epoxide-2 2 20 — — — 20 0 19 
Total 37 — — — 37 0 30 





*Two mice with fibroma of the skin 

TT wo mice with skin papillomas. 

gone mouse with fibroma Of the skin . 

wissWebster mice [BLU .Ha(ICR)] were injected ı p with BP artd BP derivatives One-seventh of the indicated total dose of hydrocarbon was given on 

d 1 of life, two-seventh's on d 8 and four-sevenths on d 15. Control anumals were given the vehicle, DMSO. The mice were weaned when 25 d old. The data 
were obtained from the survivors of experiments 1 and 2 described ın Fig. 1 Animals more than 25 d old which died during the course of the study and 
animals killed at the end of the study (when the animals were 21-24 weeks old) were subjected to histological examination A few animals which died after 
weaning were cannibalised and could not be examined. 


Fig. 1 Toxicity of benzo [a]pyrene derivatives in newborn mice One of the stereoisomeric BP 7,8-diol-9,10-epoxides ((+)-trans- 


Swiss—Webster mice [BLU ‘Ha (ICR)] were injected 1.p. with BP or BP : : Š % : i 
derivatives One-seventh of the total dose of each compound was PA OYAR Ao BONY (et a ayara, BE. inl 


given on d | of life, two-sevenths on d 8 and four-sevenths on d 15. In epoxide-2; also termed diol epoxide I (ref. 11) or anti-isomer (ref. 
experiment 1 (a), 50 anımals were each injected with 1,400 nmol of BP 16)) produced about the same number of pulmonary adenomas as 
(O), g al a DN nmol 4 BP 7,8-dihydrodiol (O), 70 a 50-fold higher dose of BP. : 

animals with the vehicle (DMSO) (@) and 50 animals were untreated i R f -di- 
controls (x) In expenment 2 (b), 50 animals were treated with the h ae Ve Saas 7 AA S eee la ie S 
above dose of BP, 80 animals received the above dose of BP 7,8- TORY B,10B-epoxy-7,8,9, , petra Ure yee ple 
dihydrodiol and 40 animals were foes DMSO Dhol epoxide-/ diol epoxide II (ref 11) or syn isomer (ref. 16)] and diol epoxide-2 
oe nmol) was injected into 40 animals, and diol epoxide-2 were synthesised as previously described'’:'8, and all chemicals 
28 nmol) (A) was acc ch ne bos ig The mice were weaned were of analytical-grade pumty Pregnant Swiss—Webster 


BLU :Ha (ICR) mice (Blue Spruce Farms) delivered their babies 
within 2—5 d after arrival in our laboratory. The healthiest-looking 
newborns were selected, and each mother was left with 10 babies. 
BP and BP 7,8-dihydrotliol were dissolved in anhydrous dimethyl- 
sulphoxide (DMSO) (ref. 10) at a final concentration of 200 nmol 
per 5 ul. The compounds were injected intraperitoneally (i.p.) as 
follows: 200 nmol on the first day of life, 400 nmol 1 week later, 
and 800 nmol at 15d of age. Control animals were given 5, 10 
and 20 ul of DMSO using the above schedule. The newborn mouse 
is very Sensitive to i.p. injections, and many animals died within 2 
weeks following injection with the control vehicle or with the 
various compounds on days 1, 8 and 15 of life. The animals were 
weaned at 25 d of age. Large differences in survival among animals 
treated with DMSO, BP or BP 7,8-dih¥drodiol did not occur until 
after the animals were 25d old (Fig. 1). The experiments were 
ended 21—24 weeks after their initiation. After the initial deaths in 
all groups during the first 2 weeks of age, most of the remaining BP 
7,8-dihydrodiol-treated animals died by 24 weeks of age, whereas 
most of the BP- and DMSO-treated animals that survived until 
weaning were still alive. Complete histopathological examination 
was performed on most animals (see Table 1 legend). The 
examination included routine study of the hematopoietic tissues 
and counting of macroscopic pulmonary adenomas. Seventy per 
cent of the BP 7,8-dihydrodiq]l-treated animals thus examined 
developed malignant lymphoma (leukaemia), which was ap- 
parently a major cause of death of these animals (Table,i). Almost 
all cases of malignant lymphoma were generalised with involve- 
ment of the thymus, spleen, bone marrow, lymph nodes, liver and 
other organs. Of special interest was the very short latency period 
for the development of malignant lymphoma. The first diagnosis 
of malignant lymphoma was made in an animal treated with BP 
7,8-dihydrodiol, which died at 5 weeks of age. No cases of 
malignant lymphoma were recorded among the BP- and DMSO- 
treated animals. BP 7,8-dihydrodiol also induced pulmonary 

; adenomas. Although the first pulmonary adenoma was found at 
4 8 l2 16 20 24 an early age (14 weeks), induction of this type of tumour was slower 
Age (weeks) than that of the malignant lymphomas. Among the BP 7,8- 
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dihydrodiol-treated animals which died and were autopsied 
between 4 and 17 weeks of age, 31% hati lung adenomas, and 65% 
had malignant lymphomas. Among the BP 7,8-dihydrodiol- 
treated animals which died or were killed at the age of 18-24 weeks, 
92% had lung adenomas and 75% had malignant lymphomas. The 
BP-treated animals also developed lung adenomas, but the 
number of pulmonary adenomas per animal was much lower when 
compared to BP 7,8-dihydrodiol-treated animals (Table 2), Only 
4% of the DMSO-treated animals develeped pulmonary aden- 
omas. Three animals treated with BP 7,8-dihydrodiol developed a 
total of two skin papillomas and one skin fibroma. Fibroma of the 
skin was also found in two of the BP-treated animals. There were 
no significant differences ın death rate or tumour incidence 
between male and female animals. 





Table2 Pulmonary adenomas ın newborn mice treated with BP, BP 7,8- 
dihydrodiol and diol epoxide-2 


Total Adenomas/ 
dose . No, of ®animal 
Treatment (nmol) Sex animals (mean + s.e.) 
Control 0 3 32 <0.1 
Q 16 0 
Total 48 <0 | 
BP 1400 g 24 5SI+I6 
Q 20 7.713 
Total 44 6.3410 
BP 7,8- 1400 g 8 77+ 16 
dihydrodiol 2 ° 6 72427 
Total 14 75414 
Diol 28 3 17 2.8+10 
epoxide-2 e Q 20 68+1.1 
Total ° 37 49+0.8 





Swiss-Webster mice [BLU .Ha (ICR)] were injected with BP and BP 
derivatives (Fig 1, Table 1) Animals that were killed at the end of the 
study, at 21-24 weeks of age, were used for determination of the number of 
adenomas per lung. 


In a preliminary experiment, newborn muce were injected 
separately with each of the two diastereomers of BP 7,8-diol-9, 10- 
epoxide (diol epoxide-J and diol epoxide-2), Thése compounds 
were very toxic, and 80-90% of the animals died within 48 h after a 
single injection of 200 nmol of diol epoxide-/ or -2. A reasonable 
survival of animals was achieved only after decreasing the dose of 
these diol epoxides to 2% of the dose of BP or BP 7,8-dihydrodiol. 
Four nmol of diol epoxide-/ or-2 was given ond 1 oflife,8 nmolon 
d 8 and 16 nmol ond 15. However, this dose of diol epoxide was 
still more toxic to the aninfals than a 50-fold bigher dose of BP or 
BP 7,8-dihydrodiol (Fig. 1, experiment 2). The experiment was 
ended when the mice were 21 weeks old, and lung adenomas were 
found in 81% of the animals treated with diol epoxide-2 (Table 1). 
For diol enoxide- 2 treated animals which had survived until 
weaning, about the same incidence of pulmonary adenomas had 
occureed as with a 50-fold higher dose of BP (Table 2) Diol 
epoxide-2 did not induce malignant lymphomas jn the newborn 
mice Diol epoxide-J was more toxic than diol epoxide-2 in the 
newborn mice (Fig 1 and unpublished observations), and there 
were not enough survivors available for determining the carcino- 
genicity of diol epoxide-/. Additional studies are now in progress 
to determime the comparative carcinogenicity of these two diol 
epoxides of BP. 

Studies on the carcinogenicity of BP metabolites on mouse skin 
showed that BP 7,8-oxide was carcinogenic!? and that BP 7,8- 
dihydrodiol was a more potent carcinogen than BP 7,8-oxide (ref 
20). H,-BP 7,8-epoxide, however, which is related to BP 7,8-oxide 
but lacks the double bond in the 9, 10-positions of the molecule, did 
not show any carcynogenic effect, suggesting that a BP 7,8-diol- 
9,10-epoxide might indeed be an ultimate carcinogenic metabolite 
of BP Since these earlier studies with BP 7,8-dihydrodiol and BP 
were performed with doses which were at the top of the 
dose-response curves, no conclusión was reached as to whether BP 
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7,8-dihydrodiol was more carcinogenic than BP. Our results here 
indicate that BP 7,8-dihydrodiol ıs a moge potent carcinogen than 
BP when injected into newborn mice and ıs therefore a proximate 
carcinogenic metabolite of BP. Diol epoxide-2, a very potent 
mutagen derived from BP’°??, has the same carcinogenicity as BP 
at a 50-fold lower dose ın newborn mice. The extremely high 
carcinogenic activity of diol epoxide-2 suggests that it 1s an 
ultimate carcinogenic metabolite of BP. 

We thank Drs Norio Hirota and Gary Williams and the staff of 
the Naylor Dana Institute for Disease Prevention, American 
Health Foundation, Valhalla, New York, for the histological 
studies. We thank Mrs Mary Ann Augustin and Mrs Arlene Ott for 
their assistance in the preparation of this manuscript. 
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matters arising 


Lunar and meteoritic 
palaeomagnetism: 
common origin contested 


BANERJEE and Mellema! * (BM) have 
suggested that both the, lunar crust 
and the primitive carbonaceous chon- 
drites (CC) have been magnetised simul- 
taneously by strong (<1 Oe) magnetic 
fields associated with an early T-Tauri 
active phase of the Sun. Here I argue 
that this conclusion is untenable. Their 
basic premises are, first, similar ages of, 
and, second, comparable palacofield 
strengths for, lunar rocks and CC. 

The CC and their constituents are 
among the oldest solar system objects 
dated thus far*-? (~4.6 x 10° yr). Sen- 
sitive !®I chronometry revealed sharp 
isochronism for CC magnetite forma- 


fields?*, could account well for several 
observed magnetic features of CCM. 
Moreover, recent results on the electrical 
properties of CC}! seem to link their 
magnetic and thermal history satis- 
factorily in the framework of solar-wind 
induction heating of asteroids with 
carbonaceous surfaces, which at pre- 
cent dominate by number in the main- 
belt!®. Observations of young active 
stars “and calculations of ‘T-Tauri 
lifetimes’ for ~ 1Mo stars’®!* show 
that an epoch of intense mass loss for an 
evolving Sun could have lasted 1-10 Myr. 
This is compatible with the above chrono- 
logy of CC, but raises a major difficulty 
for BM in the case of lunar rocks. 

First, the early chronology of lunar 
crust differentiation cannot be similarly 
established due to an early intense bom- 
bardment, which lasted up to ~ 3.9 x 10° 


of the ancient lunar crust”. Furthermore, 
a strong case was recently made for 
excluding any external source field 
for globally magnetising the ancient 
lunar crust#® !* so that the BM sug- 
gestion is weakened on both theoretical 
and observational grounds. 

The claim that comparable paleao- 
field estimates of < 1 Oe for lunar rocks 
and CC should be taken at face value 
can also be challenged. Before discussing 
palaeoinfensities we must be concerned 
with the presence of a demonstrably 
ancient NRM component. CC evidence 
looks quite convincing 4+2°~2, but it is 
still doubtful that any lunar rocks have 
preserved an indigenous palaeoreman- 
ence®*» 4. The mechanism by which this 
NRM was imprinted is also at issue: the 
CC are compositionally the most primi- 
tive and thermally the least altered ex- 

* 


Table 1 Palaeofield intensities from carbonaceous chondrites 


Meteorite Palaeofield 
(type, subtype) (Oe) 
Orgueil 0.67 
(I, C1) 0.02 
una 0.5 
(L Cl) 
Murray 0.7 (0.33-1.35) 
(II, C2) 
Murchison 0.4 
(II, C2) <3 
ool ().17-0.19) 
z 0.01-0.02 
Renazzo 2.3 
Œ, C2) 
Allende 938 
(H-V, C4) 0.25 
0.15 
1.09(0.96—1.23) 
1.1(0.93—1.3) 


pTRM NRM fraction NRM Ref. 
(T °C, H Oe) matched type 
(120, 0.5) Ta < 73°C TRM , 21 
(250-120, 0.5) 120° < Ta < 250 °C CRM 21 
—- Whole coercivity (CRM -+ 11 
spectrum DRM) 
(250, 0.5) Hyp > 100 0e Non-thermal 11 
100 < Har < 300 0e Non-thermal il 
(250, 0.5) Hz > 3000¢ pTRM? 
(90, 0.5) Ts < 90°C TRM or 21 
(90-250, 0.5) 90°< Ta < 150°C CRM 
(250, 0.5) All pIRM or 11 
TCRM 
Hay < 500 Oc Non-thermal 
(150, 0.5) Hay > 500 Oe { pTRM 11 
(350, 0.05) 400 < Hay < Non-thermal 
(110-130, 0.5) 20°T', < 130°C TRM 21 
(150, 0.59) 30 < Ta < 150°C TRM, TCRM 22 


Hay <peak alternating field value which gives microcoercivity of remanence; Ts, blocking temperature; (p) TRM, (partial) thermorerganent 
mapnetisation; TCRM, thermochemical remanence; CRM, chemical remanence; DRM, depositional remanence. 


tion (within 2 x 105 yr) and indicated 
rapid aggregation and brief metamor- 
phism, lasting at most 1 Myr (ref. 5). 
An upper limit on the duration of a 
precompaction irradiation episode of 
CC component grains (by solar wind 
and solar flares) was recently estimated at 
< 4.5 Myr, but typically < 1 Myr, at 
nominal heliocentric distances of 10 
AU (ref. 8). These and the enrichment 
of solar-wind implanted gases in CC 
magnetite? strongly support my earlier 
suggestion that an enhanced early solar 
wind, convecting strong magnetic 


yr ago and led to its extensive brec- 
ciation and metamorphism. Second, 
since BM assume implicitly that lunar 
rocks carry a thermoremanence (TRM) 
acquired at cooling in an external mag- 
netic field, it is reasonable to date it by 
the crystallisation ages of lunar basalts 
and breccias, which range from ~ 3.3 to 
~4 x 10° yr (ref. 17). This requires 
an excessively long (0.6-1.3 x 10° yr) 
active phase for maintenance of strong 
fields. Also, it is unlikely that an older 
magnetisation (4.6 x 10° yr) has sur- 
vived the violent impact metgmorphism 


traterres{rial samples known. Their NRM 
1s admittedly a low temperature mag- 
netisation, although detailed inter- 
pretations differts*)3* (Table 1). In 
contrast, most lunar rocks for which 
palaeointensities have been obtained 
are thermally and mechanically modified 
by impacts. 

It is even doubtful whether lunar rocks 
are capable of” acquiring TRM in the 
conventional sense”: 17, 

{fn this light, the fact that entirely 
different experimental techniques have 
yielded ‘simular values for the ancient 
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field strength (~1 Oe) in several CCU ® 
(Table 1) inspires confidence in fheir 
validity. In contrast, the lunar palaeoin- 
tensity determinatiofs are motoriously 
controversial’: -17, Some of the new 
techniques used (refs 25, 28, 29) are not 
yet established even for terrestrial rocks, 
whose magnetic mineralogy is more 
familiar and better understood. Banerje® 
and coworkers fuelled the debate with 
‘reliable’ palaeofield estimates of ~0.01 
Oe for three Apollo 15 basalts?® *, 
including one (15535) which they had 
earlier shown to contain no useful re- 
manence at allt, Their later work on 
an Apollo 17 foliated breccia boulder 
produced no less than three distinct 
sets of paleointensities (0.18-0.74 Oe)3* 33 
differing significantly both within and 
betweefl adjacent foliation layers. These 
and divergent directions of ‘stable’ 
palaeoremanence forced the c&nclusion 
that the lunar magnetising field must 
have changed considerably both its 
direction and its intensity during the 
assembly of this 2-m boulder 4.0 x 10° yr 
ago. It seems more plausible to argue 
that the magnetic data are not internally 
consistent, or to ascribe the magnetic 
behaviour of breccias to textural effects 
of compaction shock™. 

Another corollfry to the BM hypo- 
thesis is that similar palaeofield strengths 
imply a common source for lunar rocks 
and CC. Such reasoning could lead to the 
fallacious conclusion that the oldest 
(3.85 x 10° yr) terrestrial rocks were 
also magnetised by extended solar wind 
fields. Within the BM context, con» 
parable magnetic field strengths imply 
that the Moon and the carbonaceous 
meteorites condensed and accreted at 
the same heliocentric distance, in con- 
tradiction to most current chemical 
nebular models**. If the CC have ori- 
ginated in the asteroid belt!® (3-5 AU), 
whereas the Moon accreted near 1 AU, 
the present radial dependence of the 
solar wind magnetic fields would require 
at least 3-5 Oe for a tightly wound spiral 
configuration, but up to 10-25 Oe 
for radial flow. These values are high 
even by the currently inflated lunar- 
magnetic yardstick. 


A. BRECHER 


Department of Earth and Planetary 
Sciences, 

Massachusetts Institute of Ti echnology, 

Cambridge, Massachusetts 02139 


BANERJEE REPLIES—There was one major 
point that we had wanted to make in our 
original communication!. Before, and 
even since the publicatidn of our note, 
there have been no lunar” palaeoin- 
tensity experiments in which, firsts a 
direct, thermal method had been used 
on three sub-samples from one rock and, 


second, magnetic monitoring by Any- 
hsteretic Remanent Magnetization (ARM 
had been carried out on the samples 
before and after the heating. In spite 
of the well-known magnetic variability 
of lunar samples, as underlined by Dr 
Brecher’, what was amazing to us was 
that our three samples were magnetised 
homogeneously enough to yield an 
average palaeointensity of 0.4 Oe with a 
s.d. of about 40%. In contrast, in the 
lunar palaeointensity measurements, the 
highest reliability that one usually hopes 
to achieve is the order of magnitude of 
the field! 

Our second point was that if the 
palaeointensity was indeed of the order 
of 0.4 Oe at about 4.0 x 10° yr (the 
average radiometric age of the rock), 
and if the field was internally generated 
from the Moon, the Sonnett arfd Run- 
corn? “dynamo in a small, early lunar 
iron core could be the only plausible 
internal source. We then drew attention 
to the similarity of the size of this field to 
that postulated earlier for carbonaceous 
chondrites (age ~ 4.4 x 10° yr) by US,, 
and by Dr Brecher’. I agree whole- 
heartedly with her that “the fact that 
entirely different experimental tech- 
niques have yielded similar values for the 
ancient field strength (~ 1°Oe) in several 
CC (carbonaceous chondrites) inspires 
confidence in their validity. In contrast, 
the lunar palaeointensity determinations 
are notoriously controversial”. But, we 
have done our best in seafching for 
better methods, used multiple sub- 
samples and published the details of our 
technique®. Our interpretation, and that 
of any other groups of scientists, must 
necessarily be a function of our know- 
ledge at the time of writing. None 
of the references quoted by Brecher 
can convince anyone that “it seems 
more plausible to argue that the mag- 
netic data (that is, the data of refs 1 and 6) 
are not internally consistent”, specifically 
when such a search for internal con- 
sistency of palaeointensities has not been 
undertaken. 

Our hypothesis that both the meteorites 
and the ancient lunar samples could 
have been magnetised by external solar 
fields 1s admitted by the fact that the 
upper limit T-Tauri phase solar wind 
pressure would correspond to a magnetic 
pressure of the order of a few at 
1 AU. But, as we pointed out, whether 
this was actually so cannot be proved 
without more extensive and reliable 
data on both meteorites and lunar sam- 
ples. We had also suggested that the 
apparently large (0.4 Oe) field could 
be the result of a smaller ambient solar 
field, magnetohydrodynamically amplified 
by plasma dynamos operating on the 
lunar crust during the intense collisioning 
stage, at and before 4.0 x 10° yr. I am 
sure there are others who could think 
up more alternative explanations. The 
purpose of our communication was to 
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alert other workers about the existence 
of our data and to encourage them to 
think of plausible models. 


S. K. BANERJEE 


Department of Geology and Geophysics, 
University of Minnesota, 
Minneapolis, Minnesota 55455 
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Digynic triploidy 
after superovulation 


Dieynic triploidy after superovulation 
in mice reported by Takagi and Sasaki’ 
may be closely related to the aging of 
eggs at fertilisation rather than super- 
ovulation through the administration of 
exogenous gonadotrophins. It is well 
known that the fertile life of eggs 
after ovulation is about 10h and that 
ageing of eggs results in a decrease of 
fertilisation rate, an increased incidence 
of abnormal] fertilisation and subse- 
quent degeneration of embryos. 
Suppression of the second polar body 
formation resulting in digynic fertilisa- 
tion occurs when eggs age in the 
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hamster’, mouse’ and other species‘, 
Since the ovulation of a large number 
of eggs is not expected to occur simul- 
taneously and the time of ovulation for 
each individual egg would be more 
spread out during superovulation than 
after normal ovulation, the chances of 
delayed fertilisation and digynic tri- 
ploidy would be higher after super- 
ovulation than normal ovulation. Most 
of the fertilised eggs from superovu- 
lated rabbits, however, can develop 
into normal young after transferring 
them to several recipient rabbits". 


i M. C. CHANG 


Worcester Foundation for 
Experimental Biology, 
Shrewsbury, Massachusetts 01545 
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Nitrate reductase as 
predictive test of crop yield 


THe report of Johnson, Whittington 
and Blackwood’ on using nitrate 
reductase as a predictive test of crop 
yield is probably valid but there are 
several problems with both the in vitro 
and in vivo assay they used which 
deserve attention. 

The maximal in vitro activity shown 
in Fig. 1 of ref. 1 is about 0.1 
molg h, a value considerably 
lower than the activities (~10-12 
pwmolg*h*) commonly observed in 
leayes of wheat‘. The disparity is so 
large as to cause concern about the 
assay procedure. Although the latter 
activities were obtained without casein 
in the extraction medium it is con- 
ceivable that the inordinately low 
activities obtained by Johnson ef al. 
were partially due to failure to protect 
nitrate reductase from a constitutive 
serine protease which rapidly degrades 
nitrate reductase in vitro?*’*, In 
Escherichia coli a serine protease acts 
to remove nitrate reductase from 
membranes’ and in higher plants this 
may be a reason why its half life is in 
the order of 2-4.2h (refs 8, 9). In- 
corporation of casein or phenylmethyl- 
sulphonylfluoride (PMSF) into the 
extraction media’’* obviates this pro- 
tease activitye and yields activities 
approximately 100 times"! those 
reported by Johnson et al. Therefore, 
if in vitro nitrate reductase activity is 
to be used as a predictive assay, it 
should be assayed as described above 
to avoid complications resulting from 


differential degradation during extrac- 
tion. 

The problem with the in vivo assay 
of nitrate reductase is also serious. 
This assay may or may not be pro- 
portional to the in vitro activity ™”, 
but typically represents only about 
20% of the in vitro activity”, Also, 
the electron donor for the in vivo 
assay has never been identified, nor is 
it clear that the electron donor in situ 
is identical to that which serves in 
the conditions employed in the in vivo 
assay. Therefore, it seems unwise to 
use this assay to estimate any para- 
meter associated with nitrate assimila- 
tion unit it is established exactly what 
the in vivo assay is measuring. 


R. G. Burz 


Department ‘of Soil Science, 
North Carolina State University,’ 
Raleigh, North Carolina 27607 
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JOHNSON ef al REPLY—While® a 
number of interesting points are raised 
by Butz, it is difficult to see why his 
criticisms are directed specifically at 
our work. In any study where enzyme 
activities are measured either in vitro 
or by the so-called in vivo assays it is 
difficult to state categorically whether 
or not the measured rates reflect 
accurately the true activities of the 
enzymes within the cells. The essential 
point surely is that our experiments’ 
and in the many experiments from 
Hageman’s group in Minois”, a corre- 
lation has been shown between nitrate 
reduetase activity as measured, and the 
yield of a crop. For such a correlation 
to be valid or useful the precise bio- 
chemical basis is not necessarily 
important. In this case, however, the 
correlation does provide valuable 
evidence that the enzyme activity 
measured is related to the process of 
nitrogen metabolism. 

Some of the points raised by Butz 
do require some further comment. 
First, the references to the work of 
Schrader ef al.‘ are misleading. In 
their investigations the improvement in 
nitrate reductase activity obtained 
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using casein was strongly dependent on 
the type and age of the tissue employed. 
With the youngest leaf tissue (similar 
to that ased im our study) the 
improvement was only 10% compared 
with the 100-fold quoted. This latter 
value was obtained only with old tissue 
of one particular variety of maize and 
@annot be considered in any way 
typical. In our investigation some of 
the in vitro wheat nitrate reductase 
assays were duplicated with in vivo 
assays. These gave substantially 
similar results. Casein is nevertheless 
a useful protector of nitrate reductase 
in vitro, although it is by no means 
the most effective one in all tissues. 

Second, Butz speculates that the 
protease which attacks nitrate reduc- 
tase does so by removing the tnzyme 
from membranes. This seems unlikely 
as neither in E. coli nor, judged by the 
majority of the available evidence’, in 
higher plants is assimilatory nitrate 
reductase membrane bound. 

Third, in view of the problems 
known to be associated with the in 
vitro assay of nitrate reductase, of 
whick those referred to by Butz are 
by no means all, it seems to us unwise 
to criticise an in vivo merely because 
it sometimes produce’ results differing 
from those obtained with an in vitro 
procedure. The fact that the electron 
donor is not known does not seem 
important in this context. Recent 
reports of differences between results 
obtained using the,two procedures may 
have obscured the fact that in the 
majority of cases very similar results 
are obtained with both methods. For 
example, Hageman’s group’ showed a 
correlation of 0.99 between in vitro 
and in vivo assays of nitrate reductase 
in several varieties of wheat. Further- 
more, a good correlation was obtained 
between nitrate reductase activity and 
nitrogen assimjlation, thus confirming 
our observations. 


C. B. JOHNSON 
W. J. WHITTINGTON 
G. C. BLACKWOOD 


W. WALLACE 


University of Nottingham, 
School of Agriculture, : 
Sutton Bonington, 
Loughborough, UK 
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Control of feline P 
leukaemia virus 


+ e 


Harpy et al.’ report, the success of a 
programme for preventing spread of 
felme leukaemia virus (FeLV) among 
pet cats by screening for FeLV viraem& 
individuals, removal of carriers and 
quarantine of contacts. Although 
evidence that the programme was of 
some success seems strong, the study’s 
methodology deserves comment. Major 


problems concern the comparisons 
between ‘treated’ and ‘untreated’ 
groups. 


(1) The groups were ‘self-selected’ 
by owners. Though it is probable that 
pet owners’ responses to such a pro- 
gramme refiect different approaches to 
the care of pets, we are fiven no 
information on the cluster-size dis- 
tribution, location, management, sex 
or age structures of the groups—though 
each such variable has major implica- 
tions for the spread of an infectious 
agent. 

(2) The only information givere as to 
the previous status of the groups is that 
the treated group had a lower initial 
prevalence rate of FeLV carriers than 
did the untreated control (0.224—0.312). 
This indicates that the treated group 
was at a lower risk of infection even 
before the programme and thus it is 
improper to attribute subsequent 
differences in incidgnce rates to the 
programme alone. 

(3) The report of a 0.193 incidence 
rate in the untreated group over three 
months is surprising, as it implies an 
annual incidence rate of 1.0— 
(1.0—0,193)* or 0.576, which is far 
higher than the prevalence rate in 
either group-——though the authors claim 
that most viraemic cats remain viraemic 
for life, they report a low natural 
mortality rate for viraemic individuals 
and they make no reference to rever- 
sions to virus negative among the 
untreated group cats. 

(4) The programme entailed both 
removal of viraemic individuals and 
also Quarantine of contacts. As neither 
action was imposed upon the untreated 
group it is improper to attribute the 
lowered incidence rate to removal of 
FeLV carriers alone. = 

(5) Mortality ‘rates’ are given 
without feference to time period or 
to background mortality among 
‘uninfected’ cats. Without such refer- 
ences they are uninterpretable. 

(6) The authors’ conclusion that 
infection in most cats occurred between 
18 and 24 months of age does not 
follow logically*from thei? data on 
median ages—and, if it did, it would 
emphasise the necessity to adjust for 
age when comparing incidemce and 


mortality rates. No such adjustments 
have been made. 

The implications of Hardy et ai.’s 
study are important. Though some of 
the problems mentioned here may have 
arisen due to the demands of brevity 
in publication, it should be stressed 
that such studies deserve a careful 
methodology. This is especially true in 
the context of current interest in 
the epidemiological implications of 
oncornaviruses. 


P. E. M. FINE 
Ross Institute, 
London School of Hygiene and 
Tropical Medicine 
Keppel Street, 
London, UK 
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HARDY AND MCCLELLAND REPLY —We 
agree with Dr Fine that a 42-fold 
decrease in feline leukaemia virus 
infection (FeLV) in the households 
which implemented our FeLV test and 
removal programme is evidence that 
our programme was successful’. Our 
study was not a strict epidemiological 
survey, indeed, an epidemiological 
study of lymphosarcoma-~in cats failed 
to detect the contagious nature of the 
disease’. But, we would like to answer 
Dr Fine point by point. 


Matters Arising 


Matters Arising iş meant as a 
vehicle for comment and discussion 


















‘qbout papers that appear in 
Nature. The originator of a 
Matters Arising contribution 


should initially send his manuscript 
to the author of the original paper 
and both parties should, wherever 
possible, agree on what is to be 
submitted. Neither contribution 
nor reply (if one is necessary) 
should be longer than 300 words 
and the briefest of replies, to the 
effect that a point is taken, should 
be considered. 


(1) All the owners were given the 
safne advice’ regardless of whether or 
not they chose to have their infected 
cats removed. The management of the 
households was the same for both 
groups and the average number of cats 
per household (Fine definition of 
cluster) in those households in which 
the cats were removed was 16.6 cats 
per household while in the other group 
it was 16.5 cats per household (Table 
2, ref. 1). Households in both groups 
were located throughout the USA. The 
two groups are thus quite comparable. 

(2) Although it is true that the 
initial FeLV infection rate of the two 
groups was different, the difference in 
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the rates of FeLV infection between 
the two household groups after our 
programme had been implemented was 
much greater and was statistically 
highly significant (P<0.001). 

(3) Dr Fine should not assume that 
the FeLV infection rate of 19.3% in 
the first 3 months will be perpetuated. 
The infection rate decreases because, 
as we reported, approximately 41% of 
the exposed cats in a household develop 
protective FeLV neutralising antibody 
titres though they never test positive 
for FeLV. We reported previously that 
33% of healthy exposed cats became 
FeLV infected’. This figure was the 
result of aesingle sampling of many 
households in which the cats had been 
exposed to FeLV for varying periods 
of time. In some householdş, 100% of 
the cats were infected, while in others 
only 10% were infected, which shows 
that the FeLV infection rate can vary 
greatly. In contrast to Dr Fine we do 
not think that our observed mortality 
rate of 52% for secondarily infected 
cats and 8.5% for first test FeLV 
uninfected cats is low. With regard to 
his other points in this area; most cats 
do remain viraemic for life and rever- 
sions happened only rarely among the 
cats in this study. 

(4) Both groups of households were 
quarantined as referred to in refs 
13 and 16. 

(5) The observation period for the 
study was 2y, as mentioned in the 
paper’. 

(6) The median age of cats which 
became infected with FeLV wag simply 
our observation on 49 cats—we did not 
make any conclusions about age 
susceptibility of, pet cats in the general 
population. 

In conclusion, we would like to add 
that refnoval of the carrier host is a 
common method for controlling ‘and 
preventing the spread of many 
infectious veterinary diseases when 
vaccination is not available. For 
instance, bovine tuberculosis, bru- 
cellosis, foot and mouth disease, hog 
cholera, African swine fever, vesicular 
exanthema, rinderpest and glanders are 
controlled by test and removal pro- 
grammes. Thus, the concept of pre- 
venting the spread of the contagious 
feline leukaemia virus by a similar 
programme should not, we think, be 
difficult to accept. 


WurM D. Harpy, JR 
A. J. MCCLELLAND 


Memorial Sloan Kettering 
Cancer Center, 

1275 York Avenue, 

New York, New York, 10021 
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. Announcing a new Series ° 


Development in Mammals 


an advanced, informative and critical work of reference. 


DEVELOPMENT IN MAMMALS, Vol. 1. 
edited by MARTIN H. JOHNSON, Lecturer in Anatomy, University of Cambridge, 


Cambridge, U.K. 


1977. vili + 386 pages. US $ 34.50/Dill. 84.00. ISBN 0-7204-0631-5 


The study of development in mammals is 
in the process of transition from the essen- 
tially descriptive approaches of classical 
embryology to the sophisticated exper- 
imental approaches of contemporary 
molecular and cellular biology. 


This volume, the first in a new series which 
attempts to record the developments, 
problems and controversies arising ‘during 
this exciting growth phase, is devoted 
primarily to consideration of preimplanta- 
tign stages of development and to the 
interaction between embryo and maternal 
uterus. The titles of contributions reflect 
the diversity of interests involved in the 
study of development. Many of the authors 
are either younger scientists making new 
* contributions to the study of mammalian 
development or established scientists 
contributing chapters in areas in which 
they have only recently started working 
and developing interests. 


This judicious mix of experience and 
freshness of approach has produced a 
stimulating, controversial but aythoritative 


volume which will be of great value to 
workers and students actively interested 
in the subject of mammalian development. 
Rapid publication has ensured the avail- 
ability of up-to-date technical and theor- 
etical data. 


CONTENTS: Development in Mammals 
(M. H. Johnson). Surface Changes of the 
Developing Trophoblast Cell (T. Ducibella). 
Transport Processes in the Mammalian 
Blastocyst (R. M: Borland). Protein Synthesis 
and Gene Expression in Preimplantation 
Rabbit Embryos (G. A. Schultz and E. B. 
Tucker). RNA Polymerase Activity in Preim- 
plantation Mammalian Embryos (C. M. 
Warner). Effects of Anaesthetic Agents 
on Eggs and Embryos (M. H. Kaufman). 
The Role of the Endometrium in Blastocyst 
implantation (J. E. O’Gradŷ and S. C. Bell). 
Cellular and Molecular Approaches to 
Blastocyst Uterine Interactions at Implan- 
tation (M. A. H. Surani). Embryonic Diapause 
(R. J. Aitken). Hormonal Control of 
Uteroglobin Biosynthesis (M. Beato). 
Subject Index. 


Details of Volume 2 can be obtained from the Publisher. å 
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HYPERTENSION 


: Two Key Books 


Hypertension and 


Brain Mechanisms 


edited by W. DE JONG, A. P. PROVOOST 
and A. P. SHAPIRO 


PROGRESS IN BRAIN RESEARCH, Vol. 47 


1977. about 380 pages. 
US $ 57.95/Dfl. 142.00. ISBN 0-444-41534-3 


This book contains contributions by over 
forty international authorities on the 
control of arterial blood pressure by the 
brain. These centre on three main areas: 1) 
integration of neuroahatomy, neurophys- 
iology and neurotransmission of the 
central nervous system in relation to 
cardiovascular control and emotional 
behavior in man and animal; 2) brain dam- 
age, i.e. infarction, blood flow disturbances, 
stroke, etc, resulting from hypertension and 
vice versa; 3) evaluation, of brain mech- 
anisms in drug and non-pharmacological 
treatment of hypertension, including bio 
feedback, relaxation techniqu®s and the 
role of the social environment. 


The wide scope of this book makes it of 
interest to researchers concerned with 
hypertension as well as to those engaged 
in its treatment. It will be of great value to 
Clinicians, physiologists and pharma- 
cologists and also to neurologists and 
psychologists. 

CONTENTS: Neuroanatomy and neurophyslological 
mechanisms of central cardiovascular control. Neuro- 
transmission in relation to cardiovascular control. 
Braln damage and hypertension: experimental and 
clinical. Integrated brain function and hypertension. 
Pharmacological aspects of central acting antihyper- 


tensive drugs and influence on peripheral effector 
mechanisms. Subject Index. 
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Distributor inthe USA.and Canada: 


Control Mechanisms in 


Essential Hypertension 


by W. H. BIRKENHAGER and 
M. A. D. H. SCHALEKAMP 


1976. xviii + 182 pages. ° 
US $26.75/Dfl. 65.00. ISBN 0-444-41452-5 


from the introduction 


“Professor Birkenhager and Dr. Schalekamp 
have themselves made great contributions 
to knowledge by their wide researches 
into haemodynamic, renal, functional and 
humoral influences in essential hyper- 
tension. They are particularly fitted there- 
fore to collate the rapidly expanding corpus 
of world knowledge in this field and this 
they have done with commendable fairness 
and critical appraisal.” 


CONTENTS: Blood pressure as a variable. 
Systemic haemodynamics. Renal haemo- 
dynamics and renal function. Body fluids 
in essential hypertension. The adrenergic 
system in essential hypertension. Renin, 
angiotensin and aldosterone. Autoregula- 
tion: a factor in the genesis of hypertension? 
Cardiovascular reactivity and volume con- 
trol during antihypertensive drug treatment. 
The pathophysiological profile of essential 
hypertension as a guide to treatment. Spe- 
culations. Subject index. 


“Professor Birkenhager and Dr. Schalekamp have 
made a substantial contribution to our knowledge 
of the regulation of the circulation in hypertension, 
and their book is a balanced review of this difficult 
and contentious subject.”’ 

Lancet 
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Entering the genetic arena 


Wiliam J. Schull 





Who Do You Think You Are? Man or 
Superman, The Genetic Controversy. 
By Oliver Gillie Pp. 255. (Hart-David, 
MacGibbon: London, 1976.) £4.95. 


OF LATE, genetics, and particularly 
human genetics, has found itself increas- 
ingly involved in contfoversial social 
issues; these include the roles of here- 
dity and environment in the origin of 
the apparent differences in performance 
on intelligence tests, and the relation- 
ship, if any, of an extra Y chromosome 
to criminality. The scientific discussion 
of these issues has been characterised 
by more intellectual arrogance and 
humbug than seems generally to pre- 
vail. I had hoped that this little volume 
might redress these excesses 1n a trench- 
ant way. It does not. Who do you 
think you are? has a catchy title, a few 
provocative thoughts, but is generally 
disappointing. We are confronted with 
clichés, and an overly pejorative 
division of the world into hereditanans 
and environmentalists. The attributes 
imputed to these groups would be 
worthy of a medieval scholastic obliged 
to account for the presence of evil ın a 
world produced by a deity intrinsically 
good. What of value can possibly come 
from further polarisation of the atti- 
tudes toward these problems? These 
are strong, possibly intemperate 
remarks to some. Let me document 
them. 

We find on pl4 such simple clichés 
about political beliefs as, “ ‘Liberal’ or 
‘radical’ scientists tend to be ‘environ- 
mentalists’ and ‘conservative’ scientists 
tend to be ‘hereditarians’ who believe 
that heredity is of preeminent im- 
portance in deciding character. This 1s 
exactly what we might expect when 
we reflect that it is conservatives who 
always have the greatest interest in 
property and titles-—that is, the greatest 
vested interest in non-biological in- 
heritance.” Or on ppl09-110 we are 
treated to an analysis of Johannes 
Lange’s personal prejudices and how 
the latter coloured not only the data 
on criminality he collected but huis 
interpretations of these data as well. 
These accusations may indeed be true, 
but the cast of the argument seems to 
indict all ‘‘hereditarians” but exonerate 
“environmentalists’’ of this not so 
admirable human failing. One wonders 


whose prejudices are showing here. The 
larger issue, or so it seems to me, is not 
whether Lange or others exhibit pre- 
yudices but what is the sequence of 
events or experiences, cultural or bio- 
logical, which gives rise to them. Self- 
serving irrelevancies are everywhere. 
The late Trofim Lysenko is described 
as being “from a simple peasant back- 
ground” (p24); arguments whith the 
author favours are prefaced with 
remarks such as “few serious scientists 
now dispute’ (p128}—the implication 1s 
clear Darlington’s Genetics and Man 
doubtlessly deserves the criticisms 
which Gillie levels, but who other than 
he has ever characterised Genetics and 
Man as a-‘‘major work on the biology 
of man” (p95)? 

There are; moreover, simple mis- 
takes. DNA is said to have been dis- 
covered in 1953 (p20); this 1s the yeer 
in which its structural form was first 
identified but its chemical composition 
had been’ known for almost a century 
at that time. The inheritance of ary] 
hydrocarbon hydroxylase as here des- 
cribed (p129), has not been confirmed 
although the relationship of the in- 
ducibility of this enzyme to lung caficer 
seems still to hold. Although the book 
is generally well produced from the 
printer’s vantage point, there are a 


Nucleic acid treatise 


Photochemistry and Photobiology of 
Nucleic Acids Edited by Shih Yi 
Wang Vol. 1: Chemistry. Pp xv+576. 
(Academic: New York and London, 
1976.) $54, £29.50. 


Tus is the first of a two-volume 
treatise the purpose of which is to sum- 
marise our present knowledge of the 
photochemistry and photobiology of 
nucleic acids. The present first volume 
deals with the physical and chemical 
processes induced by absorption of a 
photon in nucleic bases—-including rare 
and synthetic ones—as well as their 
monomeric and polymeric derivatives. 
The second volume its devoted to the 
DNA photochemistry and the photo- 
biological aspects. 

Each chapter is written by a group 
of workers, who are specialists in their 
respective fields The basic concepts in 
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few ludicrous misprints. TIl cite one. 
The dust jacket identifies Wiliam 
Shockley as Schockley, which in view of 
the racism of which he is charged, or 
at best the naive succour of racists as- 
cribed to him, borders on shtick. 

I cannot urge the reader of this 
review to dash out and purchde Who 
Do You Think You Are? for unless he 
or she belongs to the uncertain audience 
to which it is addressed he (or she) will 
be disappointed. As I attempted to 
imply at the outset, the book could 
have been more, and Oliver Gillie 
could have written one which would 
serve our time importantly. I fear, how- 
ever, he has pandered where he should 
have been principled; has been simpli- 
istic where he should have been simple; 
has pojarised wher@ he should have 
been understanding; and has generally 
failed to appreciate the power of 
satire, if his intent is to serve a 
particular cause or point of view. I 
would urge, as a model, he read (or re- 
read) Haldane’s Politics and Heredity, 
an opus of the 36s, before he ventures 
into this arena again. CJ 


Wilham J Schull is Director of the Center 
for Demographic and Population Genetics 
at the University of Texas Health Science 
Center, Houston, Texas. 


the domain of photochemistry are first 
outlined, followed by a complete and 
up-to-date review on the excited states 
of nucleic acids. Emphasis is, of course, 
placed on the new and exciting develop- 
ments concerning room tempetature 
emission. 

The main core of the volume is the 
description of those photoproducts 
known %o far Particularly pertinent is 
the analysis of the photohydrates and 
of the cyclobutane-type pflotodimers. 
The volume succeeds in presenting a 
balanced point of view on conflicting 
datas or interpretations coming from 
different groups, and discloses to the 
reader the problems that remain to be 
resolved. . 

Interesting chapters are devoted to 
the other pyrimidine adducts, the List 
of which is rapidly expanding, and to 
the purine photochemistry. In particu- 
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lar, the spéctroscopic and photo- 
chemical properties of nucleic acids in 
frozen aqueous solution are reviewed. 
Finally, there are three chapters con- 
cerned with the methodology which 
has proved to be so yseful in establish- 
ing the chemical structure and detailed 
conformation of the photoproducts— 
mass and nuclear magnetic resonanee 
spectrometry, and X-ray crystallo- 
graphy. Also included is a chapter on 
radiation chemistry. 

The publication of this book ıs par- 
ticularly opportune, coming at a time 
when the repair mechanisms of nucleic 
acids are so extensively studied. It 


View from space 


Earth Sciences in the Age of the Satel- 
lite. By J. Pouquet. Pp. ix+169. (D. 
Reidel Dordrecht and Bostom, Massa- 
chusetts, 1976.) Dfi.58; $22.50. 


THE view from space of the Earth’s 
surface is providing a distinctive new 
source of environmental information. 
This distinctiveness is based firstly on 
the overview of large areas which 
makes possible the detection of large 
scale features that cannot be easily 
recognised eithes on the ground or 
from aircraft, and secondly on the pos- 
sibility of monitoring rapidly changing 
phenomena using the regular repetitive 
imagery obtained from many satellites. 
Although imagery from satellites has 
been available for some years, many 
earth scientists have been rightly scep- 
tical of (perhaps because of) the over- 
optimistic claims made for remote 
sensing. The more cautious, more care- 
fully considered study of remote sens- 
ing that is now becoming increasingly 
common is leading many earth scien- 
tists to examine its potential, not as a 
panacea, but as one of several alterna- 
tive data sources. 

Earth Sciences in tke Age of the 
Satellite, was first published in 1971, 
and has more recently been published 
in an updated form in this translation. 
This may well account for many of the 
naive hopes expressed about the role of 
remote sensing and satellites. 

Inthe first of the book’s three parts, 
properties of radiation from various 
parts of the electromagnetic spectrum 
and their interaction with the Earth 
and atmosphere are briefly described. 
The second part on the role of saf- 
lites is out of date, although it is a very 
useful compilation of information about 
the earlier satellites. The final part con- 
centrates on the applications to the 
earth sciences, with greatest emphasis 
being placed on geopedological ex- 
amples (sic). Many of the examples are 
superficial or even trivial and will con- 
vince few that remote sensing has any 
substantial potential. No proper evalu- 
ation of the remote sensing methods 


should therefore serve as an important 
source of references. Some aspects are 
redundantly treated, and some others 
of peripheral interest to the authors 
are briefly and in a few cases inaccu- 
rately mentioned. More fundamentally 
I would have expected a more inte- 
grated presentation of tHe chemical 
and biological data for a book intended 
to be a classical treatise. 

Alain Favre 


Alain Favre ıs Chargé de Recherches, 
at the Institut de Recherche en Biologie 
Moléculaire du CNRS et de l'Université 
Paris, France. 


is presented, nor is there any sensible 
objective comparison of their merits 
relative to other more conventional 
data gathering methods. In this and 
previ8us sections, the illustrations are 
often unhelpful and more and better 
photographic reproductions are clearly 
needed. 

The idiosyncratic style of writing will 
be annoying to most readers and’ does 
not merely arise as a result of poor 
translation. Finally, the book is costly 
(£14.50) considering its length (169 
pages), and fortunately there are other 
much better books now: available. 

J. R. G. Townshend 


John Townshend ts Lecturer in the Depart- 
ment of Geography at the Umversity of 
Reading, UK. 


Infrared and Raman 
Spectroscopy 


Infrared and Raman Spectroscopy. Part A. 
Edited by E. G. Brame and J. Grasselli. 
Pp. 1x+345. (Dekker: New York and 
Basel, 1976.) 


Tus is the first of a projected set of three 
volumes on infrared and Raman spectro- 
scopy. The set 1s intended to cover all 
possible applications of these techniques 
in such diverse fields as the food industry, 
petroleum, textiles, biology, environmental 
science, and so on. This, the first volume, 
is more concerned with academic, rather 
than with industrial uses, but a sound 
understanding of the basic princiffles is 
obviously necessary before these tech- 
niques can be properly applied. 

The first chapter is an introduction to 
molecular vibrations by Crawford and 
Swanson. It introduces the basic concepts 
in a manner suttable for those new to this 
field, with all the clarity and good humour 
one would expect from such a source. The 
chapter covers the origins of infrared and 
Raman spectra, and the experimental 
techniques, and introduces such concepts 
as selection rules, coupled oscillators, 
group frequencies, intensities and quanti- 
tative analysis. 
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The second chapter by Carter deals with 
inorganic materials. This delves more 
deeply into group theory, symmetry, and 
the selection rules, and shows in detail 
how the infrared and Raman spectra can 
be used to derive the strictures of some 
specific inorganic molecules. It deals also 
with site-and-factor group analysis and 
with the spectra of oriented crystals. It 
concludes with some useful comments on 
experimental methods and with some 
character ang correlation tables. 

Chapter three, by Edgell, covers the 
vibrational analysis of organometallics. It 
extends the discussion of the selection 
rules to cover the concept of hidden 
symmetry, and again illustrates the appli- 
cation of the technique to a number of 
specific molecules. Finally, it discusses the 
derivation and significance of force 
constants in molecules of this*kind. 

Chapter Four, also by Edgell, is on 
ionic organometallic compounds. This 
deals almost entirely with a relatively new 
field, as the bands arising from the trans- 
lational modes of ions in solution were 
not observed until 1965. The author 
shows that the study of the translational 
and intramolecular vibration bands can 
yield some very valuable information on 
the structure of solutions, on the motions 
in them and on the nature of the short 
range forces involved. This is a very 
highly specialised topic and includes some 
previously unpublished research by the 
author Nevertheless it is a topic which is 
very properly included if the whole work 
is to meet its stated objective of covering 
all possible applications. 

It is all too common to find that texts 
written by a number of different authors 
contain a good deal of overlap and 
repetition. It is therefore a pleasure to be 
able to report that this is not so in this 
case. The editors have done an excellent 
job of integration so that topics such as 
the selection rules are introduced in a 
preliminary way in the first chapter, 
carried further in the second and yet 
further in the third. The text is well 
presented, the diagrams are clear and the 
standards of proof reading have been 
high. I could detect only one error, the 
musplacing of DCN in Fig. 4. 

New entrants to this field will find the 
first chapter comfortingly simple and 
non-mathematical, but they must be 
prepared for increasing complexity as the 
book proceeds. This is however, a 
necessary requirement for the academic 
topics covered and they should not feel 
deterred from exploring the future 
volumes if their interests are primarily in 
industrial applications. Altogether this is 
an excellent start to what promises to be 
a very good and authorative series. 

L. J. Bellamy 


L. J Bellamy, formerly Director of the 
Explosives Research and Development Estab- 
lishment, Ministry of Defence, 1s Visiting 
Professor at the University of East Angha, 
Norwich, UK, 
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MEDICAL IMAGES: FORMATION, 


PERCEPTION AND MEASUREMENT 
Proceedings of the 7th L. H. Gray Conference, 

Leeds, April 1976 

edited by G. A. Hay. 


In the past 25 years there has been a profiferaton of physical 
methods, based on the use of transducers, for obtaining 
quantitative mformation about the structure and function of the 
human body. In many instances it has been found useful to extend 
the scope of the transducer, In various projection modes, so that It 
forms a two-dimensional image of the body. Consequently,*the 
traditional X-ray apparatus and the microscope are now 
suppismented by powerful Imaging devices that play Increasingly 
important roles in medical dlagnosis. The object of the conference 
was to draw together the physics of maging systems, the 
structural concepts underlying the nature of both object and 
Image, the perception of the image by the human observer and the 
numerical analysis of the Image by computer. © 

0471 99447 2 378 pages March 1977 £12.50/$24.00 
Published in conjunction with the Insbtute of Physics. 


TOPICS IN BIOELECTROCHEMISTRY 


AND BIOENERGETICS Vol. 1 
edited by D. G. Milazzo, instituto Superiore di Sanita Viale Regin 
Elena, Rome, Italy. 

This senes gathers together reviews of topics concemed with 
energy transduction and electrochemical processes in biological 
systems, and techniques for thelr investigation The volumes of 
the series will Include discussions of fundamental biochemical 
mechanisms of such processes as phosphorylation, 
photosynthesis, electron and ton transport, vanous metabolic 
redox reactions, membrane phenomena, certain pharmacological 
and *pharmacodynamical properties, and transmission of 
Information at cellular level. 


0471 01356 0 394 pages March 1977 


PHARMACOLOGY OF SLEEP 

edited by R. L. Williams, and |. Karacan, both of Baylor College of 
Medicine. ° 

This gives an organized presentation of available data on the 
subject. Various contributors discuss such topics as the effects of 
drugs on sleep, biochemistry In human sleep, psychological 
aspects of sleep pharmacology, preclinical evaluation of 
hypnotics, and statistical considerations in the design of sleep 
studies. 


0471 94856 X 388pages January 1977 


£19.50/$38.00 


£19.30/$33.00 


LIVING NUTRITION 2nd Ed. 


by F. J. Stare, Harvard University, and Margaret McWilliams, 
Califorma State University. 


This provides a socto-cultural approach to the basic aspects of 
nutriton and the sociological/psychological Influences on human 
eating habits, which discusses nutrition and world food problems, 
basic physiological nutntion, and applications of nutritonal 
information to everyday life. Examines nutrition requirements at all 
stages of the life cycle and Is completely updated to Include the 
latest nutritional information. 


0471 82081 4 510 pages February 1977 £8.70/$14.90 


AN INTRODUCTION TO THE 
CHEMISTRY OF HETEROCYCLIC 


COMPOUNDS 3rd Ed. 

by R. M. Acheson, Queen’s College, Oxford. 

Gives a concise and up-to-date account of the more Important 
properties and chemical reactions of the basic heterocyclic 
systems. This edition has been completely revised and refers to 
ao 1975 papers, particularly the most recent specialist reviews 
and Key papers. z 
0471 00268 2 522 pages December 1976 £17 00/$28.70 


MODERN METHODS OF CHEMICAL 


ANALYSIS 2nd Ed. 

by R. L. Pecsok, University of Hawaii; L. D. Shields, Catformia 
State University; T. Cairns, University of Callforma, Riverside, and 
i. McWilllam, Swinbume Colfege of Technology. 

This describes the principles and typical applicatons of nearty all 
the commonly used analytical methods exercised In chemical 
research and commercial laboratories. The first part of the book 
deals with separation based on phase equilibria and distribubon 
phenomena with extensive discussions of” al forms of 
chromatography. The second part studies the several methods 
based on the interaction of electromagnetic radiation with matter. 
This edrten stresses Inorganic applications. 


0471 67662 4 592 pages December 1976 £12.65/$21.50 


CYCLIC NUCLEOTIDES AND THE 


REGULATION OF CELL GROWTH 

edited by M. Ahou-Sabe, Rutgers University. 

This book presents recent advances In cyclic nucleotide research 
and discusses the current view of cyclic nucleotide involvement in 
the regulation of cell growth in different cell systems. It provides the 
first detailed analysis of cyclic nucleotide regulation of prokaryotic 
cell growth. 

0470 98953 X 312 pages March 1977 £15.00/$26.00 


Published by Dowden, Hutchinson & Ross hc., and distributed by 
John Wiley & Sons Ltd. ° 


CARBONIUM IONS Vol. 5: 
Miscellaneous lons, Theory and 


Structure m : a . 
edited . A. Diah, Case Westen Reserve University, 

and P. R. Schleyer, Pnnceton University. 

A compact review of the subject that studies the formation, 
Isolation, physical characterization, and reactions of 
miscellaneous fons. Topcis Infude’ Tertiary Oxonium tons, 
Acyllum fons, Halogenated Carbocations, Carbonlum lons Pi 
Complexed to Metal Atoms, Molecular Orbital Theory of 
Carbocations, and Crystal Structures of Carbonium ions (Reactive 
Intermediates in Organic Chemistry). 


0471 65432 X 542 pages January 1977 £30.90/$50 00 


JOHN WILEY & SONS. 


. NEW YORK - CHICHESTER - SYDNEY - TORONTO 
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Ecological Studies 


Analysis and Synthesis . 


Editors: W D. Billings, F. Golley, 
O.L. Lange, J.S. Olson 





Volume 15 

Plants in Saline Environments 
Editors: A. Poljakoff-Mayber, J. Gale 
With contributions by D.L. Carter, 
V.J. Chapman, L.D. Doneen, J. Gale, 
A. Kylin, A.J. Peck, A. Poljakoff- 
Mayber, R.S. Quatrano, I. Shainberg, 
W.W. Thomson 

54 figures. VII, 213 pages. 1975 
Cloth DM 72,60; US $ 32.00 

ISBN 3-540-07193-8 


Contents: Introduction.—General 
Review of the Salinity Problem.—Soil, 
Water and Salinity.—_Intermediary 
Remarks.— Response of Plants to 
Salinity.~General Discussion.— Plant 
Index.—Subject Index. 

Volume 16 

Fennoscandian Tundra 


Ecosystems ° 

Part 1: Plants and Microorganisms 
Editor: F.E. Wielgolaski 

Editorial Board: P. Kallio, T. Rosswall 
90 figures, 96 tables 

XV, 366 pages. 1975 

Cloth DM 139,—; YS $61.20 

ISBN 3-540-07218-7 


Contents: Site Description.— Abiotic 
Variables.—Primary Producers: Plant 
Structure. Biomass and Production. 
Plant Processes.— Decomposers. — 
Nutrient Cycling. 


Volume 17 
Fennoscandian Tundra 


Ecosystems 

Part 2: Animals and Systems Analysis 
Editor: F.E. Wielgolask1 

Editorial Board: P. Kallio, H. Kauri, . 
E. Østbye, T. Rosswall 

81 figures, 97 tables 

XIM, 337 pages. 1975 

Cloth DM 139,—; US $ 61.20 

ISBN 3-540-07551-8 


Contents: Animals: Fauna] Structure 
of Research Areas. 

Organization and Dynamics of 
Populations. Bioenergetics. Herbivory 
Aspects.—Conservation and Recreation 
in Tundra Ecosystems.—Models for 
Integration and Prediction. 


Volume 18 j 
Remote Sensing for ° 
Environmental Sciences e 


Editor: E. Schanda 


With contributions by R.T.H. Collis, 
D.J. Creasey, R.L. Grasty, P. Hartl, 
G.P. de Loor, P B.Russell, A. E. Salerno, 
E. Schanda, P.W. Schaper 

178 figures (7 color plates), 31 tables 
XIII, 367 pages. 1976 

Cloth DM 72,60; US $ 32.00 

ISBN 3-540-07465-1 


Contents: Introductory Remarks on 
Remote Sensıng.— Aerospace 
Photography.—Infrared Sensing 
Methods.—Laser Applications in 
Remote Sensing.— Radar Methods, — 
Passive Microwave Sensing. — 
Applications of Gamma Radiation in 
Remote Sensing.—Sonar Methods. — 
Digital Picture Processing. 


Volume 19 

Water and Plant Life 

Problems and Modern Approaches 
Editor: O.L. Lange, L. Kappen, 
E.-D. Schulze 

178 figures, 66 tables 

XX, 536 pages. 1976 ° 
Cloth DM 120,—; US $ 52.80 
ISBN 3-540-07838-X 


Contents: Fundamentals of Plant 
Water Relations.—Water Uptake and 
Soil Water Relations.—Transpiration 
and ıts Regulation.—Direct and 
Indirect Water Stress.—Water Relations 
and CO, Fixation Types.—Water 
Relations and Productivity.—Water 
and Vegetation Patterns. 


Volume 20 

F.B. Christiansen, T.M. Fenchel 
Theories of Populations in 
Bidlogical Communities 

68 figures, 5 tables 

X, 144 pages. 1977 

Cloth DM 62,—; US $27.30 
ISBN 3-540-08010-4 


Contents: Population Growth and 


Fitness.—Interactions Between Species— 


The Niche and Limiting Similarity.— 
Geographically-Structured Populations 
and Migration-Extinction Equilibria. — 
The Concept of Biological 
Communities. 


Volume 21 | x 
V.Y. Alexandrov 

Cells, Macromolecules, and 
Temperature 
Conformational Flexibility of 
Macromolecules and Ecological 
Adaptation 

Translated from the Russian by 
V.A. Bernstam 

74 figures, 30 tables. 

Approx. 420 pages. 1977 
Cloth DM 90,—, US $ 39.60 
ISBN 3-540-08026-0 

In preparation 
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Contents: Modificational Changes of 


the Primary Thermoresistance of Cells— 


Genotypic Changes of the Primary 
Thermoresistance of Cells.— Variations 
in Thermostability of Protoplasmic 
Proteins as a Basis for Changes in the 
Level of the Primary Cellular 
Thermoresistance.—Adaptive Modifi- 
cations of Conformational Flexibility 
of Macromolecules as a Basis for 


Changes of the Protein Thermostability — 
` The Plausible Points of Application of 


the Natural Selection During Aleration 
of a Correspondence Between the 
Level of Conformational Flexibility of 
Protein Molecules and the Temperature 
Ecology of a Species.—Plausible 
Mechanisms of Regulation of the Level 
of Conformational Flexibility of 
Proteins.—Thermostability of Nucleic 
Acids and the Temperature Environ- 


. ment of Species’ Life.—Saturation of 


Fatty Acids and the Temperature 
Conditions of Life. 


Volume 22 

R. Guderian 

Air Pollution 

Phytotoxicity of Acidic Gases and Its 
Significance in Air Pollution Control 
Translated from the German by 

C.J. Brandt 

40 figures, some in color, 26 tables 
Approx. 150 pages. 1977 

Cloth DM 58,—; US $ 25.60 

ISBN 3-540-08030-9 

In preparation 


Contents: Materials and Methods.— 
Experimental Analysis of the Effects 
of Gaseous Air Pollutants.—Compar- 
isons of the Phytotoxic Characteristics 
of Sulfar Dioxide, Hydrogen Fluoride, 
and Hydrogen Chhoride.— Discussion 

of the Suitability of Plant Responses 
as a Basis for Air Pollution Control 
Measures. ` 


Prices are subject to change without 
notice. 





Springer-Verlag 
Berlin 
Heidelberg 
New York 


Circle No. 08 on Reader Enquiry Form. 


5138/4/1 


à` 


Nature Vol 266 24 March 1977 


Thermodynamics and 
surface chemistry 


Equilibrium in Solutions; Surface and 
Colloid Chemistry. By G. Scatchard. 
Pp. xxxv+306. (Harvard University: 
Cambridge, Massachusetts and London, 
1976.) £20.40. 


Tue foundations of theoretical thermo- 
dynamics laid by Willard Gibbs repre- 
sent a truly great intellectual and 
artistic achievement, perhaps marred a 
little for most of us by the feeling that 
it geems to require almost as much 
effort to understand or ,use or teach 
thermodynamics as we imagine to have 
been required for the original creation. 
George Scatchard devoted a lifetime of 
effort to the subject, understood it 
better than anyone else, and used it for 
a series of definitive research papers on 
the thermodynamics of complex 
systems, often systems of biochemical 
interest. He also taught a graduate 
course on the thermodynamics of 
solutions at MIT and an undergraduate 
course on surface and colloid chemistry. 
This book contains the text of lecture 
notes for these courses, originally 
prepared around 1950 and made avail- 
able to students in mimeographed form. 
They were corrected by Scatchard 
before his death in 1973 and published 
in the present form with the aid of a 
grant from the Commonwealth Fund. 
Walter Stockmayer is quoted in the 
preface as stating that publication of a 
text 20 years after it is written 
“implies that it is unique and in some 
measure timeless’, an assessment with 
which this reviewer fully concurs. 

The goal of the stction on Equili- 
brium in Solutions reflects the attitudes 
of the author’s research papers. It is to 
be meticulously correct in theoretical 
concepts and equations, and at the 
same time to be completely practical in 
the sense that the discussion always 
focuses on real experimental data and 
procedures There is no patience with 
theoretical “deas” that do not relate 
to experimental measurement; on the 
other hand, when measurements are 
more precise than theory, then the 
theory must be empirically extended 
and it is important that the extension 
does not violate physical laws in simple 
limiting situations. 

All the chapters are in a highly 
compressed style, difficult to read un- 
less one is already somewhat familiar 
with the subject But it is very 
rewarding onee one gets the hang of it 
because all the essentials are actually 
there; in fact they stand out with 
greater clarity than they generally do in 
more comprehensive texts. 

Electrolyte solutions are treated in 
greater depth than other topics, and 


the treatment covers ion transport as 
well as equilibrium properties. The 
problems inherent to a definition of 
single ion activities are discussed, as 
are the various ways of extending the 
Debye—Huckel limiting law to higher 
concentrations. On the other hand, 
there is ng mention of polyelectrolytes. 
Chemical equilibria are treated with 
extreme brevity (little more than a 
definition) and the reader will find no 
mention of practical aspects of treating 
chemical equilibria, such as are in- 
volved in ‘Scatchard plots’. 

The Surface and Colloid Chemistry 
section has six chapters: Introduction; 
Surface tension and interfacial tension; 
Polycomponent field surfaces; Adsorp- 
tion on solids; Physical properties of 
colloid solutions, Electric effects at sur- 
faces and in colloid solutions. It 1s even 
more compressed than Equilibfium in 
Solutions, being only 67 pages long, 
but again the essentials are there, with 
the notable exception that micellisation 
and other self-association processes are 
not considered. There are no literature 
references, so that these notes need to 
be read together with more modern 
texts (the plural is used advisably here 
because at least two separate texts will 
be needed to cover the material). 

In addition to the scientific texts, we 
are provided with an appreciative intro- 
duction by I. Herbert Scheinberg, an 
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autobiographical note,” and a list of 
Scatchard’s publications. The major 
portion of the autobiography consists 
of a brief explanation for every paper 
listed in the bibliography, as befits a 
man for whom work was clearly a 
labour of love. Because of his own 
deep involvement, he had no patience 
evith superficial science, and he labels 
a number of his papers as “polemics”, 
designed to expose shallow thinking 
and fallacy. He also used book reviews 
as a vehicle for criticism, and both the 
reviews and the polemics are useful 
reading because the fundamental core 
of a subject, that Scatchard was always 
striving to reach, sometimes emerges 
especially clearly in relation to a point 
of contention. 

This volume will have strong appeal 
to all who love to shape equations into 
a description of the real world (in 
preference to pictures), for it is the 
record of a man with unique facility 
for doing so. It also should be read by 
anyone who ever has to teach thermo- 
dynamics or surface chemistry, for it 
cannot help but sharpen his insight and 
abilyty to transmit it. 

Charles Tanford 





2 + 
Charles Tanford ıs James B. Duke Pro- 
fessor of Physical Biochemistry at the 
Duke University Medical Center, Durham, 
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of Massachusetts during the fall term of 1975. In the 


Prologue “Science and 


esponsibility”, some basic problems 


are formulated in more detail. While the treatment of the 
“Scientific Method” can already claim a well-established 
tradition of scholarship, the responsibility of the scientist 

has up to now only rarely been used in the consideration r 
of the phenomenon of science. The author does not equate 


philosophy of science with epistemology, nor does he: 
follow the tendency of excluding anything from consider- 


ation which might raise moral problems. Rather, the lec- 


tures on “The Ethics of Science”, 


“THe Crisis of Science” 


and “Science and Values” are as essential for the book 

as the epistemological treatment of “The Scientific : 
Approach”. Another characteristic of the book is that 

some traditionally epistemological problems, such as 
empirism and rationalism, are investigated from the point 


of view of scientific knowledge. 
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Mammalian 
peripheral | 
nervous 

system 


The Peripheral Nerve. Edited by D. Nw 
Landon. Pp. xii+836. (Chapman and 
Hall: London, 1976.) £25. 





Various aspects of present knowledge 
about the mammalian peripheral 
nervous system are reviewed in this 
book, special emphasis being placed on 
fine structure, and on the nature of the 
relationships that exist between the 
neurone and its supporting cells, end- 
organs, fnd other surrounding tissues. 

The first nine chapters deal with the 
functional morphology of tht mye- 
linated nerve fibre (D. N. Landon and 
S. Hall); unmyelinated nerve fibre (J. 
Ochoa); perineurium and connective 
tissue (F. N. Low); sensory ganglia 
(A. R. Lieberman); anterior horn 
motoneuron (S. Conradi); spinal and 
cranial nerve roots (H. J. Gamble); 
gangha of the autonomic nervous sys- 
tem (G. Gabella); sensory terminals 
(L. H. Bannister); 4nd motor end-plates 
(G. F. Gauthier). The remaining chap- 
ters review motor end-plate function 
(A. J. Buller); chemistry and structure 
of myelin (N. A. Gregson); histo- 
chemistry of peripheral nerves and 
nerve terminals (J, F. MHallpike); 


selected aspects of peripheral nerve” 


pathology (G. Allt); and electrophysi- 
ological properties of peripheral nerve 
(J. J. B. Jack). 

This comprehensive survey, with its 
extensive bibliographies and superb 
illustrations, will provide a valuable 
reference work for those engaged in 
research on the mammalian peripheral 
nervous system. Naturally, in a work 
of such length and scope and varied 
style some parts appeal more than 
others For me the authoritative reviews 
on myelinated and unmyelinated axons, 
and on the nerve sheaths, are among 
the most interesting and useful contri- 
butions. There is also an excellent 
account of Wallerian degeneration and 
subsequent regeneration (excluding re- 
innervation), and an admirably com- 
prehensive review of receptors. ° 

The editor is to be congratulated for 
embarking ‘on such a worthwhile enter- 
prise and bringing it to a successful 
conclusion. There are signs, however, 
that active and critical editorship was 
sometimes lacking. For example, the 
consecutive chapters on motor end- 
plate strecture and function should 
have been edited so that one* comple- 
ments the other. As it is, no functional 
comment is made on much of the 
ultrastructural information; “tonic” and 


“slow” muscles in one are respectively 
“slow” and “slow-twitch” in the other; 
references to “Normanski” optics in 
the chapter on function remain un- 
corrected; and the use of the term 
“en grappe” is left in unnecessary con- 
fusion. Another contributor is atlowed 
to depict a penaxial space in’ the Golgi 
tendon organ, and to present a bizarre 
account of muscle—spindle innervation 
in which, for example, the secondary 
sensory endings are supplied by “group 
Ila” afferents, and a collateral motor 
innervation ts derived from axons be- 
longing to “group H$”. The editor 
certainly knows better than this; 
perhaps dt is bis view that an editor 
should do little more than serve as the 
channel through which his sources flow 
freely and unfiltered from pen to print. 
At times that way can leave the ‘reader 
floundeting. 

The book, over 800 pages long, is 
heavy (1.5kg) to handle and at times 
heavy to digest. Paragraphs sometimes 
run on far too long and occasionally 
there is a rash of instructional italics. 
Publication evidently took three years, 
writing being mostly completed by 
1973, although an effort has been made 
to update references to 1975. It might 
have been better to have published the 
work in two volumes; better still to 
have included other aspects and run to 
three, The value of a well-documented 
survey of this standard would ¢ertainly 
have warranted that. . 

David Barker 





David Barker is Professor of Zoology at 
the University of Durham, UK 





Heat on the 


move 


Thermal Conduction in Solids. (Oxford 
Studies in Physics.) By R. Berman. 
Pp. xi-+193. (Clarendon: Oxford; Oxford 
University: London, December 1976.) 
£9.75. 


Every now and again one happens 
gratefully on a monograph born purely of 
the author’s desire to communicate, to 
distil] the fruits of a lifetime’s personal 
interest and research into a form wfich 
renders the topic accessible to a wider 
audience. This is just such a book. Our 
present relatively mature understanding 
of the mechanisms of thermal conduction 
in solids owes much to a steady suc- 
cession of illuminating experiments car- 
ried out during the past thirty years by 
Dr Berman and his coworkers; so that, 
being a gifted expositor, he is particularly 
well fitted to convey to others some of his 
continuing fascination with this techno- 
logically important subject. 

The book is aimed mainly at physics 
graduates (or, indeed, final-year under- 
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graduates) who want to progress beyond 
the rather limited discussion of thermal 
conduction usually provided by general 
textbooks on solid-state physics, but 
who lack the stamina necessary to tackle 
the unusually abstruse symbolism of the 
monumental work by J. M. Ziman 
(Electrons and Phonons, Clarendon, 1960). 
Throughout, Dr Berman’s emphasis is 
very much towards conveying an under- 
standing of the topic in question, and he 
has eschewed ethe algebraic pendantries 
which, in the name of rigour, can so easily 
obscure the physics for most readers. The 
dustcover’s description of his treatment 
as “detailed but uncomplicated’’* is 
entirely apt. | 

The book opens with an explanation 
of what the thermal conductivity co- 
efficient is, how it is measured, and the 
general way in which it behdves for a 
variety of different materials. The next 
six chapters, dealing with conduction in 
non-metals, include discussions of pho- 
nons, phonon-phonon interactions, the 
scattering of phonons by defects, the 
Boltzmann equation and methods for 
solving 1t; and they explain how these 
concepts and techniques are able to 
account for the features of conduction 
observed in nearly perfect crystals, 
imperfect crystals, and amorphous 
materials. Of particular note are the 
sections which explain the subtle influence 
of normal (momentum-conserving) pro- 
cesses, Poiseuille flow of the phonon gas 
and a number of interesting resonant 
phonon-scattering mechanisms. These are 
topics which ın most textbooks are dealt 
with either cursorily or not at all. The 
second half of the book deals lucidly with 
situations in which heat is transported by 
electrons, discussing the effect on the 
conductivity of various types of electron 
scattering in metals and alloys including 
superconductors, and in semiconducting 
materials. ° 

The deliberate emphasis towards a 
description of work below room tem- 
perature is justified by the fact that such 
experiments usually provide a more 
sensitive test of the theory than 1s 
afforded by those carried out at higher 
temperatures. An extensive set of refer- 
ences to original papers is provided, and 
will enable readers to follow up particular 
aspects of earlier work which are of 
interest or of relevance to their own 
research. Books and review articles are 
also cited where they are likely to be 
helpful. 

Dr Berman’s well integrated and 
readable little monograph has filled 
what—with hindsight—was an obvious 
lacuna ın the literature. It will continue to 
be of value for many years to come. 

P. V. E. McClintock 


P. V. E. McClintock is Lecturer in Physics 
at the University of Lancaster, UK, 
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obituary 





Sir David Martin 


Sır Davip CHRISTIE MARTIN, the 
Executive Secretary of the Royal 
Society, died suddenly on Thursday 16 
December 1976, after nearly thirty 
years’ service as the principal executive 
officer of the Society. Born on 7 Octo- 
ber 1914 in Kirkcaldy (where he did an 
early morning paper ‘round which 
inured him to a lifelong regimen of 
early rising), and starting from a local 
primary school he proceeded to Kirk- 
caldy High School and thence in 1933 
to Edinburgh University. After first 
class honours in chemistry in 1937, he 
took a Ph.D. in 1939 under the super- 
vision of J. A. V. Butler on organic 
compounds containing deuterium. His 
flair for administration had already 
shown itself: he was the first President 
of the Science Students’ Union at 
King’s Buildings, and he was much 
concerned in the Students’ Represen- 
tative Council and the Athletic Club, 
Originally intending to become a school 
teacher, but having had his horizons 
broadened by research and by student 
activities, he became in September 
1939 Assistant Secretary of the Royal 
Society of Arts, which immediately re- 
leased him for service in the Research 
Department of the Ministry of Supply 
for the duration of the war. 

This last experience convinced him 
of the contribution that science could 
make to human affairs, even though 
he noted that altruism and an ability 
im science were not always linked 
characteristics in human make-up. His 
success in administration brought him 
to the notice of senior scientists, and 
resulted in his appointment in 1945 as 
General Secretary of the Chemical 
Society and in 1947—at the age of 32— 
as Assistant Secretary of the Royal 
Society. In 1943 he had married Jean 
MacGaradh Wilson; and throughout 
his life their home, first at Stanmore 
and then in the new premises of the 
Royal Society, was a centre of warm 
hospitality. 

As chief executive of the Society, 
he found himself administering an 
annual Parliamentary Grant-in-aid of 
£36,000 and a staff of 29. Some 
measure of the growth of his responsi- 
bilities (whilst he was not in the least 
an “empire builder”) may be gained 
from the fact that the corresponding 


figures at his death were about 
£2,000,000 and 100. Following the 
Scientific Information Conference in 


1948, which he organised between scien- 
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tists off the Commonwealth and the 
U.S.A., he persuaded the Royal Society 
in the 1950s to become its own pub- 
lisher, and he encouraged other learned 
societies to do likewise, a step which 
proved substantially to their benefit. 
In the years before 1957 he contributed 
greatly to the organisation of the In- 
ternational Geophysical Year, in which 
not only ‘were Soviet scientists brought 
into co-operation, but the Antarctic 
Treaty was signed, recognising Antarc- 
tica as a scientific laboratory above 
military or commercial interests. 

The years after 1957 were charged 
with the publication of the results of 
the International Geophysical Year, 
and with preparations for the celebra- 
tion of the Society’s Tercentenary in 
1960. This started with a formal open- 
ing by Her Majesty The Queen before 
an audience of some four thousafid in 
the Albert Hall on 19 July, which was 
followed by ten days of lectures and 
visits, including a Service with a con- 
gregation of fifteen hundred in St. 
Paul’s Cathedral. The celebrations were 
a major national event, with many 
overseas guests who had to be looked 
after in a manner matching the occa- 
sion, and their success was largely due 
to the efforts of Martin and his rela- 
tively small staff. 

For some years it had been evident 
that the activities of the Society were 
out-growing its premises in Burlington 
House, and the possibilities of a move 


were contemplated. There had been talk 
‘of a national science centre somewhere 
in London where all scientific societies 
could be brought together, but the pro- 
posal that eventually took shape was 
the move of the Royal Society into 
new premises in Carlton House 
Terrace. This was very largely achieved 
under the Presidency of Lord Florey 
by Martin, the move finally taking 
place in 1967 under the Presidency of 
Professor (later Lord) Blackett. In this 
way the Society was enabled to stay in 
most fitting premises in central London; 
and although these could not become 
the nucleus of a national science centre, 
the generous policy of the Society in 
making its accommodation available to 
other learned societies for symposia and 
conferences has helped to make it even 
more a forum of general scientific 
actitity than it was previously. 

The large post-war growth in the 
Society’s activities coincided with Mar- 
tin’s appointment. It was primarily due 
to the greater national appreciation of 
the value of science and technology re- 
sulting from their effects in World War 
II. As the time of his appointment the 
number of Fellows elected annually 


„had just been raiged from 20 to 25, and 


it was increased to 30 in 1965 mainly 
to give increased recognition to engin- 
ecring and technology, and to 40 in 
1975, partly to recognise the growth of 
science and technology in the Com- 
monwealth. Martin made a character- 
istic contribution in effecting all aspects 
of the expansion so smoothly that very 
few growing pains were encountered, 
and the staff that he recruited to sup- 
port him have unfailingly reflected the 
courtesy, helpfulness and discretion of 
which he was a model. 

In addition to the obvious landmarks 
in the evolution of the Royal Society 
in the past thirty years there have been 
many other new activities for which 
he provided enthusiastic support. Rela- 
tions have been developed and main- 
tained with a wide range of national 
acaderfiies overseas, including those in 
China, the Commonwealth, Japan, 
Latin America, the Middfe East, the 
U.S.A., and the U.S.S.R. The Interna- 
tional Council of Scientific Unions, too, 
owes much to Martin’s support, as does 
the European Scienfific Exchange 
Scheme, in which some 90 British 
scientists are» exchanged annually with 
a corrésponding fiumber from the 
Continent; and in the 1960s he did 
much to save Aldabra and promote the 
foundation of the Royal Society re- 
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search station there. These great peaks 
of administration, however, convey 
little idea of the continuous demands 
made of him in runrfing the many acti- 
vities of the Society. It has some 120 
committees and he was Secretary of 
nearly all of them. He also attended 
many of the scientific lectures, for he 
always retained his interest in scienc® 
for its own sake. 

Ever since Babbage’s celebrated 
attack on the Society in 1830 in his 
Reflections on the Decline of Science 
in England, the function of the Soctety 
has from time to time been questioned. 
I can remember Martin’s chuckle when 
I drew his attention to the fact that his 
1830 predecessor had come directly 
under Babbage's attack for taking a 
10% commission from the keeper of 
the tavern in which he persuaded the 
Royal Society to hold its” annual 
dinner. Martin's own quiet good 
humour contributed to that sense of 
proportion which he always main- 
tained, both in dealing with the occa- 
sional challenges to the Society and 
with the idiosyncracies of some of its 
Fellows. ° 

One result of Babbage’s attack, inci- 
dentally, was that the British Associa- 
tion was formed in order to "become 
the main forum for professional men 
of science, in contrast to the Society, 
to which laymen were often elected at 
that time. Over the years, the functions 
of the two bodies have tended to ex- 
change, and one of, Martin’s further 
interests lay in the Association: he was 
a member of its Council almost con- 
tinuously from 1959 onwards. Once 
again, he played a part’ in getting 
Government support for the British 





LEoroLD Ruzicka. one of the greatest 
and most influential organic chemists, 
died on September 26, 1976. His work 
exemplifies that combination of severely 
disciplined empiricism wtih intellectual 
fantasy and imagination, which is the 
hallmark of first class organic chemis- 
try. Buzicka moreover was a unique 
character with a personality which was 
perpetually interesting and stimulating 
to all who knew him. His life also 
could teach us a lesson sorely, needed 
in the United Kingdom-—~how to make 
an effective combination of academic 
and industrial efforts im research—if 
only those in authority would pay heed. 

Ruzicka was born on September 13, 
1887, in Vukovar, a small town in 
Eastern Croatia where the river Drava 
joins the Danube. The family name is 
Czech, going back to His great-grand- 
father, Ruzicka’s father, a cooper and 
timber merchant, died when the boy was 
four years old, and the family moved 
to the neighbouring town of *Osijek, 





Association, with funds that have been 
channelled through the Society. 

His abilities were very widely drawn 
upon. He was a member of the Coun- 
cils of the Royal Society of Arts, the 
Society for the Protection of Science 
and Learning, and the Charities Aid 
Foundation; and he was on the Execu- 
tive Council of the CIBA Foundation. 
The Royal Society of Edinburgh 


elected him a Fellow in 1956. Since 


1967 he had been Chairman of the 
B.B.C. Science Consultative Group, 
and since 1950 a Commissioner of In- 
come Tax. His work was recognised 
by the award of a C.B.E. in 1960, and 
a Knighthood in 1970, and Honorary 
Degrees of D.Sc. from the University 
of Edinburgh and of D.C.L. from New- 
castle. r i 

But swith all his public service, the 
Royal Society—both for itself and what 
he believed it could do-—was his ab- 
sorbing interest. It recognised the in- 
creased responsibilities of his office 
when it re-designated him Execaitive 
Secretary in 1962. By a Statute of 1847 
he could not be a Fellow, for in a 
sense his post is one in which the 
holder has to be a man apart from 
any of the sectional interests that con- 
stitute the full spectrum of science: 
“A means for the Fellows to express 
their policies” as he himself put it, 
adding “I have tried to organe affairs 
so that all the decisions on, scientific 
matters are taken by the Fellows.” To 
him, his part lay in securing all the 
information that they needed before 
taking a decision, and in smoothly im- 
plementing the decision once it was 
taken. He was careful not to volunteer 
guidance but members of Council, and 


where the young Leopold attended the 
classical high school, learning much 
Latin and Greek but neither chemistry 
nor geometry. At an early age Ruzicka 
was determined to become a priest, but 
this ambition had to be abandoned and, 
after much thought, he decided that his 
life’s work should be in the organic 
chemistry of natural products. The 
circumstances which influenced this 
decjsion, remarkable at such an early 
age, are obscure; but we have Ruzigka’s 
own word for it, 

At the age of 18 Ruzicka left the 
Austro-Hungarian domain and sought 
training in Switzerland or Germany. 
His first aim was to enter the Poly- 
technic in Zürich, but the entrance 
examination was forbidding in its re- 
quirement for geometry as well as 
chemistry. So Leopold went to the 
Technische Hochschule at Karlsruhe, 
where he was accepted without examin- 
ations. The choice was fortunate 
because he was free to select the 
lectures suited to his special interests, 
and he joined Hermann Staudinger. It 
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many of its committee chairmen, grate- 
fully found that he always had some- 
thing helpful to say when he was asked 
for his opinion. | 

Although he could not be a Fellow, 
few Fellows have done more or had 
greater influence for good in the 
Society since World War II than David 
Martin. With his fervent belief in its 
cause, his valedictory words are a 
message for the future: “As the years 
have passed f have become more and 
more convinced that it is not enough 
to leave the advancement of science 
to scientists alone. The need to see it 
as making a contribution, and only 
one contribution, to the world’s prob- 
lems has caused me to recognise the 
desirability of seeking liaison with 
other bodies. ... . These bodies operate 
in different or wider canvasses and, in 
my belief, operate better in laison with 
the scientific activities which the Royal 
Society represents. The ivory tower 
concept for scientists is now anachro- 
nistic and although | feel an elitist 
organisation for science has a vital and 
important role, the base of the pyramid 
of excellence must reside in the ordin- 
ary everyday life of the people.” 

As for a personal appreciation, what 
he said of Harold Hartley on the latter’s 
90th birthday might well have been 
said of himself: “F would not dissent 
from a eulogy that ascribed to him 
the philosophical powers of a Socrates, 
the strength of a Hercules and the de- 
cisive action of a Churchill, but above 
all he has a warm humanity, which 
secures a place of affection in thé hearts 
of all those privileged to know him as 
a friend.” 

R. V. Jones 
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is typical of Ruzicka’s extraordinary 
energy and intellectual ability that in 
only four years he completed the course 
for both first and higher degrees, 
graduating in 1910 as Doctor Ingenieur. 
Staudinger invited his outstanding pupil 
to join him in investigating the then 
unknown constituents, poisonous to 
insects, of Chrysanthemum cinerarii- 
folium, the pyrethrins now of such 
economic importance. And in 1912 
Staudinger succeeded Richard Will- 
stätter at the Eidgenössische Technische 
Hochschule, Zürich. So Ruzicka arrived 
eventually, without examination, at the 
institute which he was to serve so well 
for many years. In 1916 he ceased 
collaboration with Staudinger in order 
to work on his habilitation thesis, which 
in 1918 brought him the rank (unpaid) 
of Privat Dozent and in“1923 of titular 
Professor. His researches were in the 
field of alicyclic compounds, which 
always remained his chemical interest. 

Finance was a great problem to the 
unpaid lecturer, and in 192} he 
accepted an invitation to collaborate 
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with the perfume factory in Geneva, 
then. Naef et Cie and nowadays Firme- 
nich. et Cie. So begam an academic- 
industrial collaboration, fruitful for 
both partners. Ruzicka’s research pro- 
posal was ‘synthesis of the sesquiterpene 
perfumes farnesol-and nerolidol; clari- 
fication of the structure of the four 
important odorous ketones, civetone, 
muscone, irone, and jasmone’. Until 
1925 the work was carried out in 
Zürich in a cellar, with eventually eight 
co-workers, but then it was transferred 
to better quarters in Geneva. It was 
one of the classical, seminal investiga- 
tions in organic chemistry. Nowadays 
it is difficult to remember that accepted 
dogma precluded stability for macro- 
cyclic carbon structures, such as were 
proved to be the basis of the com- 
mercially important perfumes of musk 
and civet. The structures of the natural 
products were elucidated, they were 
synthesised, and a simpler, cheaper 
synthetic musk perfume, ‘exaltone’, was 
produced. Ruzicka spent only 18 
months in the industrial laboratory, but 
that cemented a lasting relationship 
between it and the ETH, Ziirich. 

In 1926 Ruzicka accepted a call 
to the Professorship in Utrecht, where 
he pursued the chemistry of the many 
membered rings and of the higher 
ketones. In addition he began to acquire 
that deep love and knowledge of Dutch 
painting, which was to become almost 
as important as his love for chemistry. 
The stay was, however, short because 
Staudinger’s successor at the ETH, 
Richard Kuhn, returned to Germany, 
and the President of the ETH, Rohn, 
came to Utrecht to offer the post to 
Ruzicka. Thus Ruzicka, who had 
became a Swiss citizen in 1917, became 
the first non-Germar to occupy the 
chair, although in due course he con- 
tinued their tradition, still maintained 
bye his own successor, of becoming a 
Nobel Laureate. 

At the ETH Ruzicka threw himself 
into the task of making it the leading 
organic chemical institute in the whole 
world. He built so well that this posi- 
tion has, in the perhaps prejudiced view 
of the writer, never been lost. Ruzicka 
had an oft-quoted saying, “academic 
freedom consists in being allowed to 
work far harder than is prescribed.” 
He certainly followed his own precept 
—and made similar demands on his 
colleagues. From the Zürich laboratory 
poured many publications opening up 
the detailed chemistry of the higher 
terpenes, the steroids and especially the 
sex hormones. The series of papers 
Ueber Steroide und Sexualhormone, 
continued by former collaborators, has 
reached part 256 and another series 
„Ueber Triterpene likewise reached part 
196. Ruzicka took pride in the way in 
which these marathons were continued 
by relays of his pupils. The triterpene 


series, notable for the skill-and exacti- 
tude shown in unravelling immensely 
difficult problems, was joint work with 
O. Jeger. Jeger went on to investigate 
the photochemistry of alicyclic com- 
pounds, and yet another long series of 
papers emerged and yet another first- 
class chemist, a “chemical grandson” of 
Ruzicka, K. Schaffner, now at the 
Max-Planck Institute, Mülheim. 

Ruzicka had an instinct for the signi- 
ficance of apparently minor natural 
products. Few could have discerned 
that the constituents of wool fat, 
especially lanosterol, would turn out to 
have great importance as the precursor 
of the steroids. 

In this work Ruzicka shrewdly en- 
listed financial support from both the 
CIBA company in Basle and the 
Rockefeller Foundation. The close con- 
tact with CIBA included supply of 
personnel for their laboratoriés and 
assignment of patents, which proved to 
be profitable. It is worth noting in 
passing that Ruzicka’s successor, Vladi- 
mir „Prelog, became a member of the 
board of CIBA, now CIBA-GEIGY 

While much of these researches com- 
prised detailed experimental explora- 
tion of complex organic structures, the 
Organic chemist’s characteristic under- 
lying interest in correlating experi- 
mental data was never neglected. The 
isoprenoid origin—in modern terms 
derived from mevalonate—of these 
natural products was always in Ruzic- 
ka’s ming and eventually there emerged 
the biogenetic isoprene rule. Such 
interests naturally led Ruzicka towards 
biochemistry proper, and he was largely 
instrumental in the establishment of a 
biochemical institute in the ETH. 
Moreover his younger colleagues, 
notably V. Prelog and D. Arigoni, have 
extended the scope of organic chemical 
researches into enzymology and experi- 
mental, as distinct from merely specu- 
lative biosynthesis. 

In his prime Ruzicka had a rather 
conservative view of organic chemical 
theory, but again it is noteworthy that 
another of his brilliant pupils, A, 
Eschenmoser, has transformed much of 
our outlook on organic chemical syn- 
thesis by thorough understanding of 
theoretical concepts. 

Initially Ruzicka had a critical View 
of Physical chemistry, but, as his in- 
terest in spectroscopic and other 
physical methods grew—and he ensured 
that his institute lacked nothing in 
instrumentation in that regard—his 
sympathy for physical chemistry in- 
creased, He helped the growth of young 
physical chemists and the development 
of a separate institute in the ETH. 

The patents on partial synthesis of 
the male hormones, testosterone and 
methyltestosterone, generated substan- 
tial sums of money. Ruzicka used them 
to built up a superb collection of Dutch 
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painting-——-works by Frapz Hals, Rem- 
brandt, Rubens, and many others— 
whith was presented to the Ziirich 
Kunsthaus. One example of the quality 
of this collection will suffice: a Dutch 
art expert considered that of all the 
views of Haarlem painted by Jacob van 
Ruisdael, the finest was in Ruzicka’s 
collection. This collection was not 
assembled by merely following the ad- 
vice of art dealers. On the contrary, 
Ruzicka was a very knowledgeable 
amateur, in the best sense of the word, 
and his Zürich endowment includes an _ 
important library. The former director _ 
of the Mauritshuis in the Hague has 
testified to Ruzicka’s expertise and his 
characteristic cunning and energy in 
acquisition of the best pictures for his 
collection. The writer remembers 
Ruzicka’s indignation. when difficulties 
were raised about an export licence for 
the portrait Philip the Fourth (Rubens) 
bought in London. Various letters, one 
translated into “too polite Cambridge 
English”, another in Ruzicka’s own 
words, were ineffective. Eventually a 
successful arrangement was made 
through the diplomacy of the Swiss 
Ambassador in London. | 

No memorial to Leopold Ruzicka 
would be complete without reference 
to his wit and penchant for entertain- 
ing stories. Although a very loyal Swiss 
citizen, he loved to parade his left wing 
views, suitably exaggerated for the 
benefit of the conservative Swiss, while 
being proud of his membership of the 
Papal Academy of Sciences, not for- 
getting his simuftaneous membership 
of the Soviet Academy. It is recorded 
that in a Leningrad hotel he announced 
loudly that “as we are all good Party 
members, we can speak freely”. As his 
hosts blenched, he went on to compare 
unfavourably the contributions made 
by Stalin to the Hermitage collection 
with those derived from Catherine. the 
Great. This outspokenness was evident 
in the laboratory. The writer well re- 
members a distinguished American 
author of a popular textbook on organic 
chemistry, being distinctly disconcerted 
by the interruption of his lecture in 
Zürich because Ruzicka would not 
tolerate a pentavalent carbon atom on 
the blackboard of his laboratory. But 
there was no malice in Leopold 
Ruzicka. He loved to see his younger 
colleagues develop and the superb in- 
stitute ‘at Zürich stands as a lasting 
memorial to his life and work. 

Ruzicka detested Nazism, and he 
gave generous succour to victims of 
Nazi oppression. 

He received, of course, numerous 
honours, among them the Nobel Prize 
(1939) and Foreign Membership of the 
Royal Society *(1942),. 

The aiftobiographital memoir Jn the 
berderland between bioorganic chemis- 
try and biochemistry’ makes rewarding 
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reading, as does Ruzicka’s own obituary 
notice of Arthur Stoll’, which reyeals 
much of Ruzicka himself as well as the 
subject of the memoir. 

The writer thanks’ Professér O. Jeger 
and V. Prelog for their help in provid- 
ing information and advice. 


G. W. Kenner 
: A. Rey. Biochem. 43, 1-20 (1973). 
2 Biogr. Mem. Fellows R. Soc, 18, 567-593 C972. 


R. A. Morton 


RicuHarD ALAN Morton, Emeritus Pro- 
fessor of Biochemistry in The Uni- 
versity of Liverpool, an outstanding 
British biochemist of his generation, 
died peacefully at his home on January 
21 after a short illness; he was seventy- 
seven. Born in Liverpool of Welsh 
parents, Professor Morton received his 
early education at Oulton School, After 
a short time in the Army he entered 
Liverpool University as an under- 
graduate in 1919 and, apart from a 
sabbatical year in the United States as 
Visiting Professor at Ohio State Uni- 
versity in 1931, remained there until he 
retired in 1966. He graduated in 
chemistry and worked for his Ph.D. 
under Professor E. C. C. Baly, a 
pioneer in the a ae of spectro- 
scopy to chemical problems; in*1924 he 
was appointed special lecturer in 
spectroscopy in the Chemistry Depart- 
ment where he remained until 1944, 
when, with great foresight, the Uni- 
versity elected him Johnston Professor 
of Biochemistry. Hg held this chair, 
the first established chair of bio- 
chemistry in the UK, with great distinc- 
tion for twenty-two years. 

Professor Morton’s early research 
work was concerned with relating the 
absorption spectra of chemical com- 
pounds to their structure and earned 
him the Royal Institute of Chemistry’s 
Meldola Medal in 1930; later he 
pioneered the application of absorption 
spectroscopy to biology? This interest 
was first aroused in 1926 when he 
collaborated with Professor (later Sir 
Tan) Heilbron to show that an impurity 
in cholesterol isolated from cod liver 
oil and which exhibited absorption 
bande in the ultra violet region of the 
spectrum, was the compound which 
was converted by ultra violet irradia- 
tion into the anti-rachitic principle. 
These were the days before the struc- 
ture of cholesterol was known, but the 
active compound eventually turned out 
to be 7-dehydrocholesterol. He then 
particularly concerned himself with 
vitamin A which had two spectroscopic 
‘labels’, an ultra violet absorption band 
(Amar 3280m) and the blue colour 
(Amas 617nm)» which it gave on treat- 
ment in chloroform with a,saturated 
chloroformic solution of antimony tri- 
chloride. Critical examination of the 
colour test led to his discovery of 


vitamin A: which was found particu- 
larly in liver oils from fresh water fish. 
Again, thoughtful assessment of the 
absorption spectrum of ‘retinene’, the 
prosthetic group of the visual pigment 
rhodopsin, began work which led to his 
discovery in 1941-1942 that retinene 
was vitamin A aldehyde (setinal) and 
that the corresponding compound from 
porphyropsin from fresh water fish 
retinas was the aldehyde of vitamin Az. 
These penetrating discoveries, which 
gave studies on the biochemistry of 
visual pigments a new impetus, resulted 
in Morton’s election to the Fellowship 
of the Royal Society in 1950. 

Other important investigations on 
vitamin A followed but the later stages 
of Professor Morton’s research career 
saw two extremely important additional 
discoveries: the first wase ubiquinone, 
discovered independently at the same 
time in the United States, and the 
second was the family of polyprenols. 
The impact of these discoveries on 
modern biochemistry was profound. 
The experts on electron transport gould 
from then on carry out their experi- 
ments secure in the knowledge that 
in the case of ubiquinone they were 
dealing with a well characterised com- 
pound. Later work revealed the im- 
portance of polyprenols as carrier 
compounds particularly in cell wall 
biosynthesis. It gave Professor Morton 
great satisfaction in his retirement to 
follow the detailed elucidation of the 
biochemical significance of these com- 
pounds particularly when these de- 
velopments were carried out by his old 
students. 

During the second world war Morton 
was’ concerned with an investigation 
organised by The Accessory Food 
Factors Committee of the MRC to de- 
termine the vitamin A requirements of 
humans. The experiments were carried 
out on conscientious objectors who 
volunteered as experimental subjects. 
This stimulated a life-long interest in 
nutrition and although he never experi- 
mented further in nutrition he read 
deeply in the subject and made many 
thoughtful contributions to a number 
of nutritional working parties. In 1969 
he was elected a member of The 
American Institute of Nutrition. 

Under Professor Morton’s sympath- 
etic guidance the Department of Bio- 
chemistry at Liverpool prospered and 
his crowning achievement was to per- 
suade the University to build the large 
new building in which the department is 
now housed. He developed an effective 
research school and a remarkably large 
number of his students now hold posi- 
tions of high responsibility in places as 
far apart as India and Canada. Profes- 
sor Morton’s great gifts as a scientist 
and as a wise counsellor became well 
known outside the University early in 
his career and he was constantly in 
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demand for professional committees; 
he served twice on the Council of the 
Royal Society, °was Chairman of the 
Biochemical Society and was a member 
of many government committees. From 
1963 to 1968, he held the important 
position of Chairman of the Committee 
on Food Additives. He enjoyed writing 
and editing and was a member of the 
Editorial Board of the Biochemical 
Journal for seven years and Chairman 
of the Publications Board of the Royal 
Society 1961-1962. 

He received honorary degrees from 
the University of Wales, Trinity College 
Dublin and The University of Coimbra, 
where his first research student became 
Rector. When he retired he was elected 
an Honorary Member of the Bio- 
chemical Society. 

In retirement he continued to be as 
active as ever and he retained his fresh 
and enthusiastic approach to bio- 
chemistry right to the end. Indeed he 
had only just returned from an inter- 
national symposium in India and at the 
time of his death was busy editing the 
proceedings. He spent a great deal of 
time on the work of the Oceanography 
and Fisheries Committee of the Natural 
Environment Research Council and in 
1969 was Royal Society Visiting Pro- 
fessor at The Royal University of 
Malta. In spite of all this extramural 
activity he found time to complete two 
projects close to his heart: one was 
the History of the Biochemical Society 
(1911-1969) and the other a mammoth 
two volume new edition of his book 
Absorption spectra of Vitamins and 
Hormones last published in 1942. 

In spite of his great achievements 
and international renown Professor 
Morton remained unassuming, friendly 
and approachabfe. His life shows that 
shrewdness and devotion to the de- 
mandings career of a scientist need not 
be divorced from kindness, gentlerfess 
and sympathy. His many friends and 
colleagues will remember Alan Morton 
as a distinguished scientist, wise in his 
judgement, humane in his outlook, 
whose long career brought lustre to 
biochemistry and to the University of 
Liverpool. 

T. W. Goodwin 


A handred years ago 


A bright violet meteor was observed at 
St Etienne on 11 March at two o'clock 
in the morning, in the southern part of 
the horizon. It was travelling with great 
velocity from west to east. No detona- 
tion was heard. 

From Nature 15 March 22, 460; 1877 
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Where is Federico Alvarez Rojas? 


Last year (Nature 263, 452) we reported on the plight of 
Maximo Pedro Victoria, an Argentinian nuclear engineer 
imprisoned and brutally treated for no mgre obvious 
reason than that he, as a civilian engineer, had been in 
dispute several years previously with military scientists 
over the fuel for a new reactor. It seemed that now the 
military was all-powerful in Argentina, some old scores 
were being settled; Dr Victoria, who had been a member 
of the Board of Directors of the National! Institute of 
Technology, had to be taught a lesson which included 
being beaten up and losing some of his teeth. 

Late in October, Dr Victoria was freed; ‘your Husband 
must be a real angel to be let out of gaol’, a military 
officer told his wife. He now lives in Belgium. Maybe, 
we naively thought, this is a turning point and the 
Argentinian authorities are beginning to let up on the 
extremely repressive way in which they have been deal- 
ing with subversives, real or imagined. Not so: a report 
just issued by Amnesty International of an international 
mission to Argentina (Amnesty Dept A, 55 Theobald’s 
Road, London WC1; £1.00) makes it abundantly clear 
that despite President Videla’s assertion that ‘there are 
no Argentines detained for their political opinions’, 
there could be several thousand political prisoners, most 
not tried or even charged, and some subjected to 
unspeakable brutalities. 

A particularly alarming aspect of the present troubles 
is the number of people who disappear or are abducted. 
Estimates of numbers vary widely but since the military 
coup in March 1976, at least 2,000 have disappeared; in 
the last week of May 1976 relatives filed a total of 200 
writs of habeas corpus in Buenos Aires alone. What 
happens to these people? Representatives of the 
Argentinian government pointed out to the mission that 
they might have chosen to go underground or to emigrate, 
or they may have been killed in a clash with security 
forces. This looks like only a part of the story: there 
seems hardly any doubt that many of those missing were 
taken into custody and that many of the remainder were 
killed by right-wing terrorist groups which seem to 
operate without much hindrance from the government. 
Indeed, recently the Minister of Foreign Affairs, in 
comparing left-wing guerrillas with microbes on the 
social body, described reprisals groups as antibodies 


which would disappear when the microbes were 
eliminated. 

Among the several hundred whom Amnesty list as 
having disappeared are several scientists, These include 
Federico Alvarez Rojas, a physicist at the National 
Atomic Energy Commission (CNEA), and his wife Hilda 
Leikis, a computer programmer, Roberto Ardito, an 
electrical engineer at CNEA, and his wfe and children; 
Ricardo Chidichimo, an “Air Force metallurgist: ‘and 
Antonio Misetich, a CNEA physicist with an inter- 
national reputation. The case of Federico Alvarez Rojas 
will illustrate the problem. 

Senor Alvarez Rojas, 33 years of age, has worked at 
CNEA since 1968, most recently as director of the 
X-ray diffraction laboratory; his wife worked as a 
programmer at Bairesco S.A. (Burroughs). His father, 
also Federico Alvarez Rojas, was in Britain for some 
time as a British Council Scholar and worked in the Soil 
Mechanics Division of the Building Research Station, 
Garston. Senor Alvarez Rojas Jr and his wife were 
abducted by an armed group in the early hours of 
| October 1976; their three children were left behind. 
Since then vigorous efforts to find them have been made 
by his father who has issued Adbeas corpus writs and 
appealed to the authorities, the church and the Red Cross 
without success. Efforts made through American and 
British diplomatic channels have been unsuccessful. 

What can we do? We have a responsibility as 
scientists to be concerned about illegal actions against 
any member of the scientific community whether the 
person in question is known to us or not. As the recent 
Council for Science and Society report on scholarly 
freedom and human rights,put it, science is particularly 
vulnerable to outside interference, and it is clear that 
there is outside interference of an exceedingly ugly kind 
in the national laboratories of Argentina. The rapid 
deterioration in conditions caused by the recent events is 
soon going to leave the country, in the words of one 
despairing correspondent, ‘inhabited only by labourers 
and murderers’, Let us hope that this message gets 
through to the president, General Jorge Videla, to whom 
it is still worth writing at Balcarce 50, 1064 Buenos Aires, 
to enquire about thé fate of fellow members of the 
scientific community. i = 
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A fishy business 


C. E. Purdom apd A. Preston assess the 
state of fish farming and its future promise 


F ISH farming is arousing widespread 
interest on the basis of a variety of 
concepts, some of which are not valid. 
There is such confusion about the 
motives of fish farming research that it 
is necessary to define clearly the role 
that this form of animal husbandry has 
within the context of UK food supplies. 

Throughout the world, fish farming 
takes many forms but there are three 
basic categories: 

@ sea ranching: fish are reared for 
release jnto the sea as juveniles, where 
they subsequently grow to marketable 
size; 2 

©@ extensive production using natural 
productivity; 

®@ intensive farming which relies on 
supplied feeds. 

Sea ranching has strict limitations, 
being feasible only where the natural 
tendency of the fish is to return to the 
point of release when they ares fully 
grown. Salmon and sturgeon in the 
United States and the Soviet Union 
respectively are Tarmed in this way. 
There seems little immediate prospect 
that private enterprise will be stimu- 
lated by the vision of a valuable invest- 
ment swimming off to distant waters. 

Extensive cultivation is carried out 
basically by warm wgter pond farming. 
It is by far the most widespread of 
fish farming systems on a global basis 
and is found in most areas where space, 
climate and a local market justify it. 
Carp (Cyprinus carpio) is the arche- 
typal species in pond farming, but a 
quite spectacular growth occurred in 
catfish (Ictalurus punctata) farming in 
the southern states of the United States 
during the 1960s and there has been 
recent progress with several other 
species of fish in fresh and brackish 
waters in south-east Asia. 

Pond fish farming depends upon 
natural productivity and, like any other 
form of extensive animal husbandry, 
benefits from pest control, the use of 
fertilisers and the supply of supple- 
mentary feeds. Its productivity is 
governed by management practices 
and. of course, by the naturalefeatures 
of the farm. Natural productivity alone 
is low, perhaps a few hundred kilo- 
grams per acre per year at best. Fertili- 
sation and other water management 
practices can double this but big divi- 
dends come only from the use of 
supplementary feeds. Here is a snag: 
fish are not efficient „users of food 


ne 
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materials other than animal protein 
and fat. Occasional reference is made 
to the desirability, in a protein saving 
context, of rearing herbivorous fish. 
The fact that such species require over 
100 kg of feed to make 1 kg of flesh, 
however, puts them way below the per- 
formance of farm ruminants, 

Intensive farming is almost wholly 
artificial. Fish are held in small con- 
tainers which are commonly circular 
tanks, linear raceways or net enclosures 
in tidal waters. Very high stock densi- 
ties are maintained with a large flow- 
through of water. At fish densities up 
to 100kgm™ all the nutritional re- 
quirements must be met in prepared 
feeds which must contain high levels 
of animal protein, 40-45% dry weight, 
moderately high lipid content and 
vitamin supplements. Such feeds are 
expensive, but the rationale of intensive 
farming is to produce high quality 
protein from low quality protein 
(quality being defined in terms of 
acceptability for human consumption). 
Feed protein is converted into fish 
protein with an efficiency of about 
30% and intensive farming is therefore 
a net user of protein. The fish most 
commonly farmed this way are salmon 
and trout, in fresh or salt water, but 
large quantities of yellow-tail, a fully 
marine species, are farmed intensively 
in Japan. 

u 


No cheap protein 

It is abundantly clear that fish farm- 
ing is not a means of producing cheap 
protein. Whenever fish are farmed, 
they are high quality, high priced 
foods. A further view of fish farming 
is that it is an alternative, or a mean- 
ingful supplement, to the yield from 
sea fisheries. This idea is also invalid 
on the grounds that the two spheres of 
activity are of widely differing scales. 
UK fish landing approach one million 
tonnes per year: currently, fish farming 
coatributes 2,500 tonnes per year. 
Assuming a ten-fold increase during the 
next five years, which is both worth- 
while and probable, the scale of fish 
farming will still be totally inadequate 
to accommodate the fluctuations in the 
yield from sea fisheries, which can 
follow from political or management 
decisions or from natural causes: these 
may be measured in hundreds of 
thousands of tonnes. However, for in- 
dividual species of fish, for which land- 
ings are low, for example turbot (700 
tonnes UK landings in 1975) or sole 
(1.300 tonnes UK landings in 1975), 
there is some prospect of significantly 
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Turbot: no pigment problem 
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adding to supplies by farming. 

Fish farming in the UK probably 
will be based on intensive systems for 
the supply of specific types of fish suit- 
able for these systems and for which a 
current demand exists. The two species 
likely to fulfil these requirements are 
rainbow trout (Salmo gairdnerii), which 
constitutes the bulk of present farm 
production, and turbot (Scophthalmus 
maximus), which has been researched 
intensively over the past five years and 
is currently under pilot scale com- 
mercial production. 

Research on plaice, sponsored by the 
Ministry of Agriculture, Fisheries and 
Food (MAFF) began in the 1950s. This 
species is no longer thought suitable 
for cultivation because it is relatively 
abundant around the UK, has a fairly 
stable population, and is not a good 
enough converter of food to sustain an 
economically viable industry.® After 
much background research, therefore, 
attention was turned to sole and turbot 
which are prime fish of high value and 
in short supply? Mass rearing techni- 
ques were quickly established for sole 
along the lines developed for plaice, 
Little progress was made with ‘on- 
growing (that is, rearing hatched fish 
to marketable size and sexual maturity), 
because the hatchery-reared juvenile 
fish were difficult to wean onto pre- 
pared diets. The sole is a quiet feeder 
with nocturnal, browsing habits—the 
introvert of the flatfish families. Further 
research in MAFF laboratories was 
restricted to the weaning phase. Turbot 
was assessed first in terms of its on- 
growing capabilities. It passed the test, 
being voracious, a good protein con- 
verter (achieving levels up to 50%), 
and robust and docile towards anything 
it could not swallow. Growth rate is 
then dependent on temperature. 


Hatchery techniques | 

Following the satisfactory outcome 
of these trials, using small fish col- 
lected from the beaches, efforts were 
made to develop a hatchery technique 
to raise juveniles from eggs. Plaice and 
sole larvae were satisfactorily grown 
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on a diet of Artemia nauplii. Turbot, 
however, were too small initially to 
feed on nauplii but they could feed on 
natural plankton, mussel veligers and 
the rotifer Brachionus plicatilis, the 
latter being the most suitable. After 
a few days feeding on rotifers, turbot 
larvae accepted nauplii but the pro- 
blems did not end there. Metamor- 
phosed fish were reared for the first 
time in 1972; about 100 were produced 
from many thousands of eggs. Steady 
annual improvements “in empirical 
techniques have since been made, and 
survival rates up to 25% are now 
feasjble. 

Solving the early feeding needs of 
the larvae, at least atean empirical 
level, did not remove all the obstacles 
to successful rearing of turbot. A num- 
ber of minor problems, ‘dropsy’ in 
young larvae, a later lack of swim- 
bladder development and atypical pig- 


ment formation at metamorphosis, 
mostly diminished with increasing 
experience. A major problem, how- 


ever, was that, unlike plaice and sole, 
turbot larvae were not satisfied for 
long on a diet of Artemia nauplii. Pro- 
gressively larger Artemia, grown on 
unicellular algae, were required by the 
fish as they grew larger themselves. A 
weaning process was developed where- 
by the larvae were switched to pre- 
pared foods by using specially designed 
weaning tanks which kept inanimate 
food particles moving but did not 
sweep the fish down the overflow. Rear- 
ing turbot larvae is now almost routine 
but it still requires sophisticated labora- 
tory facilities and further research is 
needed to clarify scientific aspects and 
to simplify systems for commercial 
use. 

Sole have similarfy been weaned 
from Artemia to prepared diets but for 
rather different reasons. Earker work 
with sole relied on a succession of live 
foods but these are not suitable for 
commercial use and they not only 
delay the problem of weaning but also 
intensify it: the luxury of live foods 
appeared to be habit forming. A clear 
demonstration that sole is suitable for 
domestication still remains to be made. 


Coping with seasonal spawners 

A problem with turbot, as with most 
fish, is that spawning is seasonal. This 
restricts management options in com- 
mercial farming and it also limits the 
pace at which research can proceed. 
Most seasonal spawners have light or 
temperature regulated hormonal clocks 
and in theory can be persuaded to 
spawn out of season by the correct 
manipulation of whatever parameter is 
appropriate. On the basis of successful 
work with dab, trials were set up to 
influence the spawning pattern of 
turbot, which normally spawns in mid- 
summer. Spawning has been brought 


forward to March in one series and 
further trials are aimed at delaying 
spawning until early winter. The in- 
door work of hatching and larval 
rearing could then be completed by 
spring when the juvenile fish could 
make use of increasing temperatures 
outdoors. e 

Work with flatfish has been aimed at 
creating a new form of fish farming. 
Recent commercial investment in this 
area is a measure of its success and has 
introduced the provision of advice and 
assistance to industry through research 
and development programmes. The 
growth of trout farming led to a 
similar demand for R&D programmes 
and, after a recent review, it was 
planned that all the MAFF’s fishing 
farming research, except work on in- 
fectious diseases, should be located at 
the Fisheries Laboratory, Lowestoft. 

The trout research programme is 
divided into water management, 
genetics and feeding strategies. Water 
is clearly a limiting factor in trout 
farming and in simple systems about 
20,000 gallons are used for each pound 
of fish produced. But the first limiting 
factor is oxygen. Water-saving systems 
employing oxygen or air are under 
development by industry. Removing 
the limitation of oxygen increases the 
levels of carbon dioxide, ammonia, 
nitrite and nitrate. Limited research on 
the effe¢ts of these and other water 
quality factors is planned but the 
principal MAFF investigation will be 
on the use of sea water for farming 
trout. This offers immediate scope for 
large scale increases in production. 

Rainbow trout are not naturally 
anadromous but are successfully rfired 
in sea water in some parts of the world. 
Smolting does not occur, as in salmon 
and migratory trout, but the ability of 
rainbow trout to withstand transfer to 
sea water increases with their size. Pre- 
liminary trials suggest that 30-90 g is 
the range over which fish may be 
acclimatised but there is evidence that 
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age may be important and that 
domesticated strains vary in their 


tolerance of sea water, Clearly it is 
important to establish the earliest 
possible fransfer to sea water where 
portion-sized fish of around 250g are 
produced, but fot larger fish, for which 
there is a growing market, the need 
js not so marked. 

The genetic programme is based on 
the fact that several individual strains 
of rainbow trout already exist. A num- 
ber of these strains have been imported 
with the objective of developing 
disease-free broodstock for subsequent 
trials both of the characteristics of the 
Strains themselves and of cross-breeds. 
Electrophoretic analysis of enzyme 
polymorphisms suggests that some of 
the strains are inbred. 

Strains differ in the time at which 
they spąwn and it may be possible with 
trout to supply eggs throughout the 


year without recourse to environ- 
mental manipulation—more difficult 


for trout than for turbot on account of 
their relatively low fecundity and the 
need for large numbers of broodstock. 
Other genetic aims include selection 


for ‘larger egg size and for late 
maturity. 
Feeding is by f ar the most cost 


sensitiv® area of trout farming but 
despite a long history of domestication, 
there is little standardisation of feed- 
ing strategies. Current practice in the 
UK is to use pelleted feeds but in other 
countries, much reliance is placed on 
the use of cheap trash fish, particularly 
in sea water culture. Routine use is 
made of such materials within Ministry 
work but detailed nutritional and 
logistic assessment remains to be made. 

Fish farming as a food producing 
industry has no other commitment but 
to operate in a cost-effective way. 
MAFF research has established a basis 
for turbot farming and continues to 
explore this and rainbow trout farming 
in order to supply industry with 
scientific advice. CJ 





Cages of plaice and turbot in the North Channel 
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Start from the middle 


The results of a year-long study of 
nuclear power by a distinguished panel 
were published last week. 
Norman reports from Washington 


In a report likely to have a significant 
impact on nuclear policy in the United 
States, and perhaps elsewhere, a panel 
of distinguished scientists and econom- 
ists has urged the Carter Administra- 
tion to bar domestic reprocessing of 
spent reactor fuel, and to curtail 
drasticalyy the present crash effort to 
develop a commercial breeder reactor. 
The economic justifications advanced 
for those two programmes are dubious 
at best, the panel said, and to proceed 
apace with either of them would 
seriously hamper attempts to curb the 
proliferation of nuclear weapons. 

With the Carter Administration now 
in the throes of putting together a 
comprehensive energy policy, to be 
unveiled on 20 April, the report* 
couldn't have come at a more oppor- 
tune moment. In fact, the panefs con- 
clusions are in harmony with some of 
President Carters campaign state- 
ments, and it is generally expected that 
the recommendations will be reflected 
strongly in Carter's energy policy. In 
any case, the report* is said to have. 
gone down well in the White House, 
and Carter even took time last week 
to meet with all 21 panel members to 
discuss their recommendations. 

The product of a year-long study 
sponsored by the Ford Foundation, the 
report is an attempt to examine and 
stitch together the economic, political 
and social arguments which have been 
raging over nuclear power in the. past 
few years. The effort was initiated, 
according to the Ford Foundation’s 
President, McGeorge Bundy, because 
of “a widespread feeling that this 
debate was suffering from a shortage 
of diginterested analysis’, and the 
foundation therefore chose as members 
of the panel prestigious individuals 
who were not lined up on either side 
of the debate. Like the report, of the 
Royal Commission on Environmental 
Pollution in Britain, the panel’s con- 
clusions have therefore gained some 
authority from the fact that the panel 
started from a middle-of-the-road 
position. 

The panelists were mostly liberal 
academics many of whom have been 





*Nuclear Power Issues and Choices (Bal- 
eee Publishing Co., Cambridge, Mass. 
95.) 
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active in arms control issues, and they 
include two top officials in the Carter 
Administration —the Secretary of 
Defense, Harold Brown, and Joseph 
Nye, deputy Under-Secretary of State 
(Brown was President of Caltech when 
he served on the panel and Nye was 
professor of government at Harvard). 
Other members included John Sawhill, 
former Administrator of the Federal 
Energy Agency, Wolfgang Panofsky, 
director of the Stanford Linear 
Accelerator Center, Kenneth Arrow, 
a Nobel prizewinner and professor of 
economics at Harvard, and Richard 
Garwin of IBM. The chairman of the 
panel was Spurgeon M. Keeny, a 
senior official of the MITRE Corpora- 
tion, a think-tank which coordinated 
the effort. 

With such an impressive list of 
authors, it’s not surprising that *the 
study has attracted considerable atten- 
tion. It should be noted, however, that 
contrary to some interpretations, it is 
not an anti-nuclear document. Far 
from it. Though the panel challenges 
many of the chief arguments put for- 
ward by the nuclear industry, and 
opposes some programmes which the 
industry believes are crucial’ for its 
long-term prospects, the report never- 
theless acknowledges that uranium is 
likely to be an important source of 
energy for several decades and it 
suggests that in some respects nuclear 
power may hold a slight edge over 
alternative energy sources. 

The panel takes issue with conven- 
tional nuclear wisdom on two points 
fundamental to the nuclear debate, 
however, It argues that, in the United 
States at least, although nuclear power 
seems to hold a slight economic ad- 
vantage over coal, “the choice is so 
close and the uncertainties sufficiently 
large that the balance could easily shift 
to increase or eliminate” that advan- 
tage. Similarly, adverse health and 
social effects associated with nuclear 
power are likely to be less than those 
associated with coal, but “the range of 
uncertainty in social costs is so great 
that the balance between coal and 
nuclear power could be tipped in 
either direction”. 

That is a far cry from the industry’s 
contention that the atom would supply 
significantly cheaper and cleaner 
energy than alternative sources, but it 
leads the panel to suggest that the 
United States should maintain a mix 
between coal and nuclear power. The 
recommendation is really an acknow- 
ledgment of what is likely to- happen 
anyway. 


The panel is,” however, much less 
equivocal in its conclusions concern- 
ing plutonium. Citing nuclear prolifera- 
tion as “the most serious danger 
associated with nuclear power’’, the 
panel urges the Carter Administration 
to renounce domestic reprocessing of 
spent reactor fuel and recycling of 
plutonium. “If a decision to postpone 
this technology indefinitely is arti- 
culated and carried out effectively”, 
the panel argues, “it can have a major 
influence on the assessment of costs 
and benefits of reprocessing and 
recycle by other countries that are, 
or soon will *be, facing similar deci- 
sions. Conservsely, a US decision to 
go ahead with reprocessing .. . would 
accelerate worldwide interes? in the 
plutonium fuel cycle and undercut 
efforts to limit nuclear weapons pro- 
liferation”. 

In any case, the panel argues that 
reprocessing is difficult to justify even 
on economic grounds. The nuclear 
industry has long argued that repro- 
cessing and plutonium recycle will be 
needed to stretch out dwindling 
supplies of uranium and to pave the 
way for plutonium-producing breeder 
reactors, but the panel takes issue 
with the industry’s chief assumptions. 
“Our review convinces us that current 
official estimates of uranium reserves 
and resources substantially under- 
estimate the amounts of uranium that 
will be available at competitive costs”, 
it notes, and suggests that “there will 
be enough uranium at costs of $40 (1976 
dollars) per pound to fuel light water 
reactors through this century and, at 
costs of $40 to $40 per round, well into 
the next century”. Moreover, the panel 
points oyt that the estimated costs of 
reprocessing have escalated rapidly, 
with the result that “any net economic 
benefit during this century is question- 
able”. 

The panel therefore urges Carter to 
short-circuit a major review by the 
Nuclear Regulatory Commission of 
whether reprocessing should be per- 
mitted by announcing that the United 
States will defer use of the technology 
indefinitely. In fact, Carter promised 
during his election campaign that he 
would “seek to withold authority for 
commercial reprocessing until the need 
for, the economics and safety of this 
technology is clearly demonstrated”, 
and the panel is therefore essentially 
urging him to keep his campaign 
pledge. 

As for the breeder’ reactor pro- 
gramme, the panel again takes issue 
with the industry’s economic argu- 
ments, suggesting that “the early 
economic potential of the breeder has 
been significantly overstated”. The 
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. report also notes that a breeder pro- 
gramme would involve full-scale com- 
mitment to the plutðnium cycle with 
its attendant proliferation problems. In 
spite of those drawbacks, however, the 
panel doesn’t recommend complete 
abandonment of the programme, but 
suggests instead that the effort should 
be sharply reduced in priority and be 
pursued only as “‘insurance’’ against 
the possibility of very high future 
energy costs or the failure of efforts to 
develop alternative energy sources. 

The effort to develop a commercial 
breeder reactor has long enjoyed pride 
of place as the federal government’s 
most expensive and most controversial 
energy research and devtlopment pro- 
gramme. The expected cost of the pro- 
gramme has soared from $2,000 million 
to $12,00@ million in the past few years, 
and the projected date for introduction 
of commercial breeder reactors has 
slipped from the late 1980s to the mid 
1990s. A small test reactor, the Fast 
Flux Test Facility, is now nearing 
completion in Washington State and it 
is expected to start operations in 1980. 
The plan is to follow that with a 
380 MW demonstration reactor, con- 
struction of which was expected to 
begin on the Clinch River in Tennessee 
this year, with operation scheduled for 
1983. The next step would be a large 
prototype reactor, funded chiefly by 
electricity utilities, with construction 
scheduled to begin in 1981 and opera- 
tion in 1988. A decision on whether to 


SERI site selected 


THE Energy Research and Develop- 
ment Administration (ERDA) last 
week conferred a much sought after 
plum on the State of Colorado. It 
selected a site in the Denvér suburbs 
for the long-awaited Solar Energy 
Research Institute (SERI), a facility 
which could develop into the leading 
solar energy research centre in the 
United States, 


Altogether nineteen organisations 


in 16 different states had been vying 
for SERI during the past year: the 
winner is the Midwest Research Insti- 
tute, a St Louis-based research or- 
gansiation, which teamed with 
Colorado to offer a proposal. 

To help soften the blow for some 
of the unlucky contenders, ERDA 
also announced last week that it will 
establish three regional solar energy 
research centres in New England, the 
Southeast, and the upper Midwest. 
The regional centres are expected to 
be run by consortia including repre- 


sentatives of several state govern- 


ments, though their full role in the 
overall solar effort has yet to be 
= determined. 





proceed from the prototype to a full- 
scale commercial programme would be 
made in 1986. 

The Ford Foundation study suggests 
that the overlapping, crash programme 
leading to a decision on commercial- 
isation as early as 1986 is unwarranted, 
and it resommends that the effort be 
completely revamped with more 
emphasis placed on technology develop- 
ment. Įn particular, the panel 
recommends that the Clinch River 
plant be abandoned, and it suggests 
that the decision on commercialisation 
can safely be postponed beyond the end 
of the century. 

Again, that recommendation meshes 
neatly with Carter’s campaign pledge 
to reduce the breeder programme to a 
“relatively low priority, possibly multi- 
national effort”. Last month, more- 
over, Carter recommended that nearly 
$200 million be cut from the Ford 
Administration’s budget request for the 
breeder programme, and he ordered 
the Energy Research and Develop- 
mert Administration to undertake an 
intensive study of the need for and 
timing of the effort. That study is now 
under way, for ERDA established last 
month a committee containing some of 
the breeder .programme’s most vocal 
supporters and critics, and asked it to 
come up with recommendations before 
Carter’s 20 April energy statement. 

The Ford Foundation panel also 
urges the Carter Administration to 
take a number of other steps to reduce 


SERI was called for in the Solar 
Energy Research, Development and 
Demonstration Act, a bill passed in 
1974 which directed ERDA to estab- 
lish a national facility and to seek 
the advice of the National Academy 
of Sciences on its role and scope. It 
was generally anticipated that SERI 
would be a large facility along the 
line of ERDA’s nuclear labora- 
tories. 

The Academy furthered that ex- 
pectation with a report recommend- 
ing that SERI should be a major 
Operation responsible for all phases 
ofesolar energy research including 
photovoltaics, fuels from biomass, 
wind power and so on. SERI should 
have a large budget, amounting to 
about $50 million by 1980, the 
Academy suggested. With very few 
large scientific projects up for grabs 
these days, such a big-league enter- 
prise immediately generated a lot of 
attention and proposals came flood- 
ing into ERDA. 

Early last year, however, ERDA, 
under pressure from the Office of 
Management and Budget, opted for 
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pressures leading to nuclear prolifera- 
tiqn. In particular, it suggests that 
“the United States must have a clear 
policy on its long-term role in providing 
enriched * fuel to’ both domestic and 
foreign nuclear power programs”. 
The government should retain owner- e 
ship of uranium enrichment facilities, 
the panel recommends, thereby revers- — 


ing the Ford Administration’s goal of > 
plants over to 
private industry. The United States — 
Should also ensure that there is ample ~ 


turning enrichment 


enrichment capacity in the 1980s and 


1990s to meet international commit- - 


ments, for the panel suggests that an 
assured fuel supply would reduce the 
incentive for other countries to develop 
their own enrichment and recycling 
facilities. ° 7 

Finally, the panel recommends that 
the government should proceed 
promptly with plans to test the feasibil- 
ity of disposing of nuclear wastes in 
salt beds and other stable geologic 
formations. Decisions on waste. dis- 
posal have been continually deferred, 
pending introduction of reprocessing, a 
fact which has led to the widespread 
belief that reprocessing is an essential 
pre-requisite for permanent disposal (a 
belief which is writen into legislation 
in Germany requiring that- reactor 
wastes be reprocessed before disposal). 
The panel notes, however, that. “spent 
fuel can be disposed of directly, and 
probably at costs comparable to those 
for reprocessed wastes”. ta 


something rather less grandiose. It 
announced that SERI would start 
small—-a budget of about $5 million 
for its first year—and a decision 
would be made early in the 1980s on 
whether it should be expanded to the 
sort of facility the Academy had in 
mind. Even that scaled-down version | 
attracted 20 separate bids, however, | 
and ERDA shortlisted 19 of them | 
for further study. 

In announcing the selection of the 
Midwest Research Institute/Colorado | =° 
proposal, ERDA Acting Adnfinis- [| — 
trator Robert Fri said last week that 
SERI will start with a budget of 
$4-6 million for its first year, and a 
staff of about 75 professionals. It will 
cover all aspects of solar energy, but 
initially its functions will Be mostly 
concerned with assessments, analyses, 
information dissemination, education 
and consultation. Its research and 
development activities will build up 
more slowly, and ultimately it could 
be moved to .its own 300-acre site 
nearby at the footeof the Rocky 
Mountains. 

Colin Norman 
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®© When the UK Department of 
Energy (DEN) published the report 
of its Harwell-based Energy Techno- 
logy Support Unit (ETSU) on solar 
energy in the Unitéd Kingdom last 
month, it simultaneously announced 
the launching of a £3.6 million pro, 
gramme of research and development 
over the next four years. Full details 
of how the money would be allocated 
were not published, but now the 
government has given a breakdown 
by department of the overall annual 
expenditure in the various fields of 
solar R&D (see table, below). 

The details emerged last week at 
a solar energy workshop organised 
by the governments Inter-Depart- 
mental Steering Committee on Solar 
Energy R&D; it was attended by some 
200 people from national and local 
government, public and private 
industry, research institutes and cor- 
porations, and universities and poly- 
technics. 

Britain’s solar energy effort in- 
volves expenditure of some £6 million 
over four years and stretches béyond 
the DEN programme, which mainly 
involves supportjng commercial ex- 
ploitation of solar water anð space 
heating technologies and £600,000 of 
backing for biological conversion, in 
which NERC, ARC and MAFF have 
all shown interest. ETSU meanwhile 
is to establish this year a register of 
current R&D on new energy sources 
and energy conservation relevant to 
the DEN programmes, but to pre- 
serve confidentiality the register will 
not be published. 

The Department of the Environ- 
ment (DOE) work focuses principally 
on solar water and space heating too, 
mainly through its Building Research 
Establishment. The Department of 
Industry (DOT) is involved in photo- 
voltaic conversion and supports a 
solar cell group at the Royal Aircraft 
Establishment’s Space Department, a 
representative from which last week 
urged greater cooordination of 
support from the SRC and DOL. 

The DOI now has an information 
officer attached to the Solar Energy 
Unit based at University College, 


Cardiff. As for the attachment of an 
Energy Research Support Unit to the 
SRC’s Rutherford Laboratory, to 
provide assistance and support for 
energy research in universities and 
polytechnics, this was weleomed by 
the outgoing chairman of the UK 
section of the International Solar 
Energy Society (UK-ISES), who 
strongly urged devotion by universi- 
ties to development now that 
scientific principles were known. 

Britain’s international involvement 
is mainly through the EEC, through 
which international collaboration is 
being sought in the particular field of 
thermal power generation, although 
last week one official from the DOE’s 
Directorate of Research Reguire- 
ments epersonally questioned whether 
UK efforts in this area ought to be 
concentrated on large-scale plants 
instead of “something smaller to 
meet export opportunities”. 

EEC expenditure amounts eto 
some £320,000 a year in direct 
support of work at its Joint Research 
Centre, and £1.75 million in indirect 
partial support of projects elsewhere. 


® Predictably, the first British 
response to the saccharin develop- 
ments in North America was a 
parliamentary question in the, House 
of Commons. The Ministry of Agri- 
culture, Fisheries and Food sees no 
reason why Britain should ban the 
sweetener as well, but the data and 
results of the research are to be 
examined by expert committees 
bef8re any action is taken. 

The stir caused by the saccharin 
revelations added poignancy to the 
publication last week of Why Addi- 
tives? The Safety of Foods, a booklet 
devised and edited by the British 
Nutrition Foundation, which is 
closely linked with the food industry. 
Many of the scientists who wrote it 
are also associated with the industry. 
Although meant to reassure the big 
public, the views expressed are not as 
suspect as many bromides which 
emanate from a nervous industry 
sinee, as the booklet explains, the use 
of additives in this country is strigtly 


UK government involvement in solar R & D (£000 p.a. on average)’ 


Solar water and 


space heating data 
DEN 700 50 
DOE 125 
DOI 15? 
Met. Office 50 
SRC 35 
Total 875 100 


Insolation Photochemistry/ Photovoltaic 


Photobiology conversion Total 
150 900 

125 

215 230 

50 

90° 2 150 

240 240 1,455 


ai inl a RR 
The figures area rough indication of present allocations, and give an idea of annual 
average departmental expenditure on the programme over the next few years. 
2Includes other aspects of solar R &@D, not only heating. 


8With Agricultural Research Council. 
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controlled, compounds are constantly 
tested, and use is based on a 
permitted list. 

The booklet lists saccharin among 
additives requiring further evidence 
on safety and toxicology, but stresses 
that 80 years of widespread use is a 
good indication that it is “harmless”, 
particularly as regular users include 
diabetics who see their doctors fre- 
quently. The main message is clear: 
additives make food safer, prolong 
storage life, allow bulk manufacture 
or are added for nutritional reasons. 

Among additives meant to please, 
rather than prévent food poisoning or 
outrageous cost, are colourings. Man- 
made colourings have been more 
closely investigated than sature’s 
chemical colours, but the benefits they 
offer are often purely aesthetic, 
though attempts to avoid colouring 
can be commercially disastrous. A 
former member of the Government’s 
Food Additive and Contaminants 
Committee (FACC) suggested last 
week that colouring matter should 
not be added to infant foods or fresh 
fruit, meat or vegetables. The case of 
infant food is currently under review. 

Anxiety also exists about the use 
of nitrites as antibacterial preserva- 
tives in bacon and other meat pro- 
ducts. The authors of the booklet 
suggest that the risk of poisoning 
from botulism is a much greater 
hazard than any carcinogenic danger, 
but only experimental evidence can 
confirm this. ii 


@® The stark features about income 
and expenditure figures of the Im- 
perial Cancer ReSearch Fund (ICRF) 
apart, that is, from their sheer 
size——are *that the income all comes 
from legacies, subscriptions and dona* 
tions, and the expenditure is chan- 
nelled into research. Thus, according 
to the 1976 report published last 
week, just 3.3% of expenditure in 
1975-76 went on administration, and 
2.6% to appeals and publicity. Of the 
remainder—all £8 million of it—£3.9 
million was spent directly on research, 
£2.8 million augmented the ICRF 
endowment and £1.3 million went on 
“extraordinary items”. 

The ICRF chairman, Professor Sir 
Eric Scowden, says in his report that 
“far-reaching changes are imminent” 
at the Lincoln’s Inn Fields labora- 
tories. Michael Stoker, the Director 
of Research, intends to retire in 
September 1979, and ĻRenato Dul- 
becco, the Deputy Director, retires 
this September; the ICRF Scientific 
Advisory Committee is considering 
the future of “these vital appoint- 
ments”. 
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SWEDEN : 
Politics and power 





Wendy Barnaby reports from Sweden 
on the latest discussion about energy 
policy 





‘PRIME Minister Fälldin is thought to 
be in difficulties’, said a Swedish news- 
paper recently. Considering the 
energy Situation, that is an understate- 
ment. Prime Minster Fälldin may well 
be in his political death-throes. 

Qnly five months ago, after an 
election campaign in which he pro- 
mised to rid the countfy of nuclear 
power, his appointment as the head 
of Sweden’s three party non-socialist 
government was widely interpreted as 
the beginning of the end for nuclear 
power here. But his government has 
taken no concrete steps to stop the 
building—and, in one case, the load- 
ing——of reactors. His sympathisers are 
becoming disenchanted. Over the next 
few months, the decisions he will have 
to take will show where his real in- 
terest lies: in stopping nuclear power, 
or in remaining prime minister. 

By 31 March the government must 
advise the Oskarshamn Power Com- 
pany whether state credit guarantees 
will be given for the building of the 
Oskarshamn 3 reactor, now on the 
drawing board. The decision will also 
be significant for the owners of the 
Forsmark 3 reactor, which is at the 
same stage. The bill, specifying the 
conditions under which the building of 
reactors may continue, is expected to 
be made law in the middle of April. 
Under its provisions, the owners of 
any reactor being planned or under 
construction must present the govern- 
ment with concrete proposal§ for the 
‘completely safe’ storage of un- 
processed fuel or of highly-radioactive 
waste if the fuel is to be processed: 
reprocessing agreements must also 
have been concluded. If these con- 
ditions are not met, the government 
will stop work on the reactor(s) con- 
cerned at the end of the year and will 
compensate owners for costs incurred 
until the law comes into force in May. 
Compensation for money spent after 
May will be subject to special investi- 
gation by the government, which has 
said that it will not pay any bills in- 
curred after it has become obvious that 
the conditions will not be met. Just 
exactly when this point is reached will 
be decided by the government and 
impartial advisers. 

The conditions specified in the bill 
will have their first test this summer, 
when the government will have to 
decide whether or not to allow the 
loading of Ringhals 3 reactor which is 
scheduled for 15 July. It will probably 


be delayed, however, by a legal case 
brought by environmentalist Björn 
Gillberg and his lawyer, Gunnar 
Michelson; who are appealing to the 
Supreme Court to overrule a decision 
made last year allowing the release of 
175m*s™ of cooling water from the 
Ringhals 3 and 4 reactors into the sea. 
There is at the moment neither a re- 
processing agreement nor a storage 
plan for Ringhals 3. In October, the 
fate of Barsebäck 2, which is already 
loaded, must be decided—and the 
loading of Forsmark 1, due to begin 
next January, will provide the third 
test under the new law. The main 
findings of the government’s Energy 
Commission—-which is responsible for 
formulating an energy policy up to 
1990 (including a plan for scrapping 
nuclear power in the mid 1980s)—are 
expected to be published next March. 
In the usual Swedish way they will be 
commented on by all interested parties 
before the government presents its 
proposals to parliament late in 1978. 
None of these decisions will be easy. 
The three coalition parties are no- 
where near agreed on energy. The 
Conservatives want 13 reactors by 
1985, the Liberals, 11; and both want 
to retain the government’s freedom of 
action ufttil the Energy Commission’s 
findings are known. The Centre Party 
would find it impossible to agree to 
this without finally damning itself as 
the party which compromised its anti- 
nuclear faith when faced withethe 
temptations of power. But whatever 
decision Fälldin takes will bring him 
enormous problems. If he decides to 
stick to his election promises, he will 
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be* faced with unemployment in the 
nuclear companies and their sub-con- 
tractors, estimated to be as high as 
40,000 man-years at a time when in- 
dustrial unemplayment is already wor- 
ryingly high. If he calls a new election, 
it is by no means certain that he would 
“vin: the latest opinion polls show that 
the popularity of the Social Demo- 
cratic opposition is rising. Another 
option would be to have an advisory 
referendum; but a special parlia- 
mentary bill would have to be passed 
by majority vote. As the Social Demo- 
crats are opposed to a referendum, 
the government parties would have to 
unite on the bill; and even that co- 
operation is in doubt. 

Fälldin is confident that the nuclear 
power companies will not be able to 
meet tfe conditions of the new law. 
Jonas Norrby, Director of the State 
Power Board—-which is building more 
reactors than anyone else—is just as 
confident that they will. The nuclear 
companies are cooperating in their 
attempts to find ‘secure’ solutions to 
the disposal problem, and expect to 
present a position paper on the subject 
next September. They are predicting 
that the political instability will finally 
put their reactors into operation. 

The latest idea for disposal involves 
encapsulating the waste in ceramic 
material and then compressing it into 
a solid harder than granite. This sug- 
gestion has come from Asea~Atom, a 
company which if not building any re- 
actors at all, but which is experienced 
with high pressure techniques in areas 
other than nuclear waste. It admits 
that only time and experimentation 
will tell whether the idea will work. 
One of those who doubts that it will 
is Gösta Wranglen, Professor of Cor- 
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rosion Science ‘at the Royal Institute 
of Technology. He forsees problems 
arising from the radioactivity of the 
waste, which would cause the release 
of oxygen from the water surrounding 
it. The resulting oxidising environment 
would not only favour the spread of 
plutonium but would also oxidise the 
pyrites in the bedrock into sulphuriœ 
acid, making the water extremely 
corrosive. 

Professor Wranglen is doubtful 
whether any man-made material could 
withstand such corrosion for thousands 
of years, but says that, if the waste 
must be buried, it should be encap- 
sulated in fire-proof steel with a coat- 
ing of gold about one-tenth of a 
millimetre thick: thick enough to 
ensure “absolute impenetrability. To 
avoid the enormous expense of such a 
method, he suggests that high-level 
radioactive waste should not be buried 
at all, but should be stored under 
supervision in concrete bunkers or 
drained rock chambers above the 
ground water table. The heat from the 
waste would keep the steel cylinders 
hot and dry for centuries, and „they 
would need no encapsulation at all. He 


PAKISTAN : 


argues that resistance to this solution 
is purely psychological: acceptance of 
nuclear reactors themselves implies 
acceptance that the fuel and waste 
within them might be used in wars or 
other catastrophes, and we ought 
therefore to accept a similar risk in 
connection with stored wasté. 

In the face of all these uncertainties, 
it is hardly surprising that gas as an 
energy source has become attractive. 
One of Sweden’s ship-building com- 
panies, Kockums, recently presented 
a plan in which the need for nuclear 
power could be reduced from an 
estimated ten reactors to six by 1985 
if liquified natural gas (LNG) were im- 
ported from Arab countries. By 1985, 
gas would provide 26% of the coun- 
try’s energy needs; dependence on oil 
would stand at 37% instead of the 
47%, nOw expected, and nuclear power 
would provide 11% instead of an 
expected 29%. 

After the announcement of this 
proposal, a Swedish-American team, 
which has been doing research ‘Into 
ways of stopping leaks from under- 
ground gas storage chambers, declared 
that a large ship fully loaded with LNG 
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would have an energy equivalent of a 
tactical nuclear, weapon, and ques- 
tioned the wisdom of letting such a 
potential disaster into the Baltic. 
Looking further ahead, Sweden may 
be able to import natural gas from 
Norway through a pipeline off the 
projected Norway - Denmark — West 
Germany line whose parameters are 
being discussed in Oslo. According to 
the Norwegians’ calculations, gas pro- 
duction woulg have to be 20 billion 
cubic metres a year to make the pipe- 
line pay. Present production is only 
half of this and Norway’s Prime 
Minister, Odvar Nordli, is reported to 
have refused to guess in which decade 
the project could begin. All of this can 
provide only cold comfort for Fälldin: 
he needs solutions right now. n 
+ 
@ Last week, Mr Alexei Kosygin, the 
Soviet Premier, opened Finland’s first 
nuclear power station—a 440 MW 
pressurised water reactor—-in Loviisa, 
a small town south of Helsinki. The 
order for the power station was placed 
with the Soviet Union in 1970 at a 
value of £25 million at the then rate 
of exchange. 3 





Bones of contention | 





Azim Kidwai looks at the place of 
science in the redent elections in 
Pakistan 





AFTER an exceptionally emotional and 
at times hurtful election campaign, the 
ruling Pakistan People’s Party led by 
Mr Zulfiqar Ali Bhutto swept the polls 
in the elections held for the National 
Assembly and the Provincial Assem- 
blies on 7 and 10 March respectively. 
The main opposition, the Pakistan 
National Alliance, has challenged the 
results and has refused to accept them 
on the grounds that the elections were 
rigged. It boycotted the provincial 
elections of 10 March saying that the 
National Assembly elections had been 
unfair. 

Without going into the polemics of 
the political scene, and accepting that 
the People’s Party is to govern the 
country for the next five years, certain 
projection¢ can be made on the 
emphasis which will be given to science 
and technology and the future shape of 
science policy in Pakistan. The policy 
kept in abeyance while everyone was 
preoccupied with the elections is now 
likely to be finalised, hut the lessons 
learned from the elections might distort 
it to a certain extent: the first priority, 
one would expect, would be geared to 
meeting the practical needs of Pakistan 


as reflected during the campaign. 
Science policy as such was not an 
election issue, and was not accorded 
any status as a separate issue in the 
manifesto of either of the major parties. 
The? consequences of scientific and 
technological advance were neverthe- 
less bones of contention. For example, 
the unprecedented price-spiralling dur- 
ing the past four years—an almost 
100% rise—was the chief subject of 
debate in almost all election meetings. 
The National Alliance promised to 
slash prices by good management, by 
coming down heavily on the black- 
market and so on, and some of its 
leaders said they would bring them 
down to 1970-71 levels. The people’s 
Party refuted the claim, saying that in- 
flation was a complex international 
phenomenon and that a develaping 
country, weak in basic science and 
mainly producing raw materials, had to 
pay through the nose for finished goods. 
According to its manifesto, the 
People’s Party is committed to making 
Pakistan self-sufficient in grain and oil 
within the next five years, and to a 
50% increase in GNP without neglect- 
ing industry and defence. With its 
victory, therefore, agriculture and oil 
might take precedence; the polls re- 
flected the greater popularity of the 
People’s Party in the rural areas than in 
the urban centres (it lost heavily in 
+ 


Karachi, the largest city in Pakistan), 
probably because it is likely to fund 
the agricultural sector handsomely. 

Agricultural research and inputs like 
fertilisers, pesticides, new varieties of 
seeds, and the Irrigation, Drainage and 
Flood Control Council are likely to be 
favoured in the development effort. The 
importance of agriculture in Pakistan is 
demonstrated by the fact that in 
1975-76 it contributed no less than 
39,000 million rupees (16 rupees=£1) 
to a total gross domestic product of 
119,000 million rupees. It also happens 
to be a source of livelihood for almost 
three quarters of the rural population, 
which makes up about 70% of the 
people of Pakistan. 

Farm mechanisation could be 
another priority area. In 1975-76, some 
11,000 tractors were imported—a 100% 
rise over the 1969-70 figure; tillers are 
to be imported from China and Japan. 
Productivity in agriculture is still grow- 
ing very slowly, and is likely to gain 
impetus through the use of the avail- 
able scientific and technological tech- 
niques. 

Luckly for Mr Bhutto, sizeable 
quantities of oil were found last Decem- 
ber at Dhodak in the north. Although 
the site is primarily a large gas-field, it 
is estimated to hold about 200 million 
barrels of oil which can start flowing in 
the next two or three years. Oil 
exploration and refineries are foremost 
on the agenda of the People’s Party 
government, L 
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IN BRIEF___* : 


| ; i 
SRC appointment 

It is now widely believed that the next 
chairman of the Science Research 
Council will be Professor Geoffrey 
Allen, who will succeed Sir Sam 
Edwards in October. Professor Allen, 
48, is at present at the Department of 
Chemical Technology, Imperial Col- 
lege, and was until 1975 Professor of 
Chemical Physics at Manchester Uni- 
versity; his interests are largely in poly- 
mer science. He has done considerable 
committee work for SRC, where there 
seefns to be general satisfaction at 
the prospect of his appointment. 


Delaney Amendment review 


The recently announctd ban on the 
artificial sweetener saccharin in the 
United States and Canada has 
prompted a major review of an un- 
compromising provision in the food 
and drug law which forbids the use in 
food of any substance found to cause 
cancer in test animals. Known as the 


A DISPUTE Is now raging over permis- 
sion for landing the Concorde in New 
York Kennedy Airport. Some of my 
friends in England and in France 
tell me that they regard the Ameri- 
can prohibition of Concorde landings 
as an insufferable discrimination. They 
point to numerous violations of en- 
vironmental safeguards in the USA, 
to the concerted din of jetliners taking 
off jn droves from American airports, 
and to the sonic booms of American 
military jets. The French say that the 
American objection to the Concorde 
is based on the ‘RFI’ doctrine (pas 
fait ici). 

Against these protestatiogs, I point 
«ut to them that the supersonic trans- 
port (SST) has become a dominant 
symbol (and a convenient three letter 
slogan) to American environment- 
alists; a tangible epitome of technology 
run wild beyond the bounds of neces- 
sity or Jjustifiability. The noise made 
by Concorde is said to disturb the 
mating process of wild birds, a ritual 
that has taken on an almost sacred 
significance ever since Julian Huxley 
published his fascinating observations 
on the sexual foreplay of Great 
Northern Divers. Environmentalists 
point to the Concorde as being waste- 
ful of fuel and as being used only by 
very wealthy people. The needle-like 
Concorde is said to threaten the deli- 
cate ozone layer, which we have come 
to regard as being like a fragile soap 
bubble that envelops our atmosphere, 
protecting us from skin cancer caused 
by ultraviolet rays from the sun. 

In addition to this injurious effect, 
however, ultraviolet radiation has a 


Delaney Amendment, the clause has 
long been a target of attacks by the 
food industry. It has been staunchly 
defended by many scientists and con- 
sumer groups as a prudent measure to 
keep careinogens out of the food 
supply. Within days of the announce- 
ment of the proposed ban, a score of 
bills calling for repeal of the amend- 
ment was introduced into Congress, 
and last week the Secretary of Health, 
Education and Welfare, Joseph Cali- 
fano, announced a review of the 
Amendment’s workings. 


RANN resignation 


The Director of the National Science 
Foundation’s major programme of 
Reseafch Applied to National Needs 
(RANN), Alfred J. Eggers, ha$ asked 
to be relieved of his duties at the end 
of June to devote more time to study- 
ing problems affecting the growth and 
health of society. Eggers, who has 
steered the $70 million RANN pro- 


needed role of preventing rickets by 
its nutritional action. To achieve nor- 
mal calcium metabolism, most mam- 
mals and birds must expose their skins 
to the sunlight. It is possible to 
speculate that the spread of the human 
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species to northern latitudes occurred 
because of a mutation that led to the 
loss of skin pigment. The pale-skinned 
mutants could utilise sunlight better 
for production of vitamin D in their 
skins than could their darker fellow- 
human beings. Sunlight was scarce 
and feeble during the long northern 
winters, but there was just enough for 
pale complexioned people and so, we 
speculate, the whites moved into the 
temperate and subarctic zones. Once 
there, they eventually found that the 


gramme through a minefield of Con- 
gressional criticigm in the past few 
years, offered his resignation in a 
lugubriously worded memorandum sug- 
gesting that “if the largest sense of 


our future activities with our natural - 


eresources in our environment, it may | 
well be that in important respects we | 
are entering a ‘zero sum game’ ”. 


Fast breeder wanted ; 
The Highlands and Islands Develop- — 
ment Board in Scotland would wel- 
come with open arms the commercial ` 
fast breeder reactor (CFR) at Doun- | 
reay. At a one-day meeting in 
Glasgow last week that coincided with 
the closing-down ceremonies® on the 
Dounreay Fast Reactor (DFR), Pro- 
fessor Kenneth Alexander, who chairs 
the development board, pointedly ob- 
served that the number of employees 
at Dounreay would rise to 4,500 if the 
CFR were built there but would sink 
to 500 if it were not. 


need for direct sunlight by their in- 
fants could be alleviated by eating 
fish liver oils. rm 
But the long era of dependence on 
sunlight did not really come to an 
end until a tray of hog millet was 
pushed under a quartz mercury 
vapour lamp for ten minutes at the 
University of Wisconsin by Steenbock 
and Black. The ifradiated millet pre- 
vented rickets when added to the diet 
of rats. In so doing, the millet had 
served aS a ‘way station’ between 
ultraviolet radiation and the bodies of 
animals. From then on, it was no 
longer necessary to use direct irra- 
diation for preventing rickets in 
babies. Preformed vitamin D now 
could be added to food at a trivial 
cost. ° 
Another evolutionary development, 
probably a very ancient one, led to 
the appearance of a biochemical sys- 
tem for combating the carcinogenic 
effects of ultraviolet radiation: the 
complex system that removes thy- 
mine dimers from DNA, formed by 
such radiation. The dimers and some 
adjoining nucleotides in one of the 
strands are snipped out and removed 
by enzymes and other enzymes restore 
the DNA to its original stgte. Some 
individuals lack the repair system as — 
a result of a genetic defect, and they 
are highly susceptible to skin cancer. 
We have evolved in concord with 
our surroundings. Ultraviolet radia- 
tion is an example of a stimulus that 
has a beneficial role at low levels, but 
is harmful in excess. I am more op- 
tifnistic for the future of the ozone 
layer than for the supply of jet fuel. 
® oe 
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Physical science in Chile 
Sır —My friend and former colleague 
Alwyn Eades, who recently spent three 
extremely busy weeks in Santiago, is 
reported (10 February, page 486) to 
have said that “it is very easy to be 
misleading about Chile and very easy 
to be misled”. The truth of this state- 
ment is made patently clear by Eades’ 
own agticle, “Three years after 
Allende”, appearing in the same issue. 
The article is a mixture of faetual in- 
formation with some personal interpre- 
tations and political opinions; it also 
suffers from some important, and 
surely. involuntary omissions. The un- 
aware reader may find it difficult to 
distinguish between the first three of 
these and may not know about the 
latter; so he may easily be misléd by 
an article which may easily be mis- 
leading, especially when the atypical 
front cover of the issue is pdlitically 
leading. 

Personal interpretations and politica! 
opinions are of course entirely sub- 
jective and. Eades is entitled to make 
and have his own, but Nature is not 
the proper place to discuss them and | 
will not do so. I must, however, correct 
some of his most important omissions 
and errors lest it be thought that I and / 
or the Chilean Physical Society share 
all of his views about what has hap- 
pened to the physical sciences in Chile. 

Eades’ account of the development of 
physical research in Chile is in general 
accurate. When he writes, however, 
about the talks for {developing a 
science policy for Chile’ in the early 
1970s—--which did in fact take place but 
led to nothing definite-—he fails to men- 
tion what had been done before and 
has been done since along these lines. 
He seems to ignore that the National 
Commission for Scientific and Tech- 
nological Development (CONICYT), 
which was established before Allende 
in 1968 amongst other things to collab- 
orate in developing such a polfcy, pro- 
duced a draft for a National Plan for 
Scientific ‘and Technological Develop- 
ment in 1974. This draft was carefully 
studied for several months by a com- 
mittee in which an important role was 
played by a sizeable number of leading 
scientists (including several physicists) 
who were freely nonsnated by the 
universities and By the local* Academy 
of Sciences. The outcome of the com- 
mittee’s work was a much improved 
version of the plan, which was efficially 


approved by Chile’s highest authorities 
early in 1976. These important 
omissions may leave the unaware 
reader of Eades’ article under the 
wrong impression that the develop- 
ment of a science policy for Chile was 
completely abandoned after Allende 
and that no official steps had been 
taken before him. 

When Eades writes about what has 
happened in the physics department of 
the Engineering School, where I work, 
he mertions “several waves of sackings 
for a mixture of political and economic 
reasons, as a result of which the number 
of academic staff has dropped from 45 
to about 25”; he is wrong. So far there 
has been a reduction of only one neem- 
ber of staff (and this for economic 
reasons) and this affected four members 
of the department’s academic staff: one 
of them had reached the minimum 
legal age to retire and had to do so 
and three of the youngest ones were 
transferred from full-time to half-time 
positions, The latter three preferred to 
resign and found jobs in other local 
institutions. Independently and at a 
later time, two other people left this 
department to work in the physics 
department in the Faculty of Sciences. 
Over the past three years, a few others 
havg voluntarily taken posts abroad 
and some who were on study leave 
abroad chose not to come back. All 
this has taken the number of academic 
staff down to its present value of 32. 

It is true that four laboratories in 
this department lie virtually abandoned; 
but Eades fails to mention that three of 
these were never in full operation be- 
cause of the shortage of staff (one of 
them was a one-man job) and that the 
fourth was almost abandoned when the 
Argentinian physicists who formed it 
were asked to leave the country before 
Allende’s time. Eades also says about 
oné of the Chilean Physical Society’s 
present preoccupations, that “sincè all 
elections are prohibited in Chile, it (the 
Chilean Physical Society) is unable (like 
many other organisations) to replace 
those committee members who leave 
the country or retire”, so he thinks that 
“it may shortly find itself with no com- 
mittee at all’. Elections are forbidden 
and this was one of our preoccupations 
while he was here. We have since 
found, however, that there are legal 
ways for scientific bodies such as the 
Societies of Biology, Chemistry, Physics 
and Mathematics to renew their com- 
mittees at their own free will and that 


some had in fact already done so. I am 
glad to inform him and your readers 
that we have, now replaced one com- 
mittee member who left the country 
and another who resigned, and that we 
are planning on renewing our com- 
mittee early next year, when mos{ of 
our membership will gather at the 
University of* Concepción for the next 
scientific meeting. 

Finally, 1 strongly disagree with 
Eades’ statement that one side-effect of 
the coup was to set back physics 
research in Chile by nearly two decades. 
As his article rightly mentions, twenty 
years ago there was little or no research 
in physics in Chile: the first groups 
were just beginning to form, there was 
virtually no equipment, the Chilean 
Physical Society did not exist and 
the very idea of doing physics research 
in Chile was thought to be utopian by 
most. Whatever the results have been 
of the permanent brain drain from 
Chile over the past twenty years and 
the departure of scientists with every 
change of government, we are now 
much better off indeed than two 
decades ago. The large (by Chilean 
standards) number of scientific papers 
published in the last three years by 
Chilean physicists who are still Working 
here is the best proof of this. 

Yours faithfully, 
„CLAUDIO GONZALEZ 
President, 
Sociedad Chilena de Fisica, 
Chile 


Not rats, but mice 


SiR, —We ‘applied biologists’ at the Pest 
Infestation Control Laboratory have 
been professionally associated with rats 
and mice for some thirty odd years, in 
all parts of the globe; I seem to have 
become our ‘coprologer’. 

Thomas Jukes (10 February, page 
491) has made a slight error: it is not 
rat faeces that are unscreenable from 
wheat kernels but mouse faeces. The 
principle is the same however. I agree 
with his point about ‘filth’ in food— 
it is nearly always purely an aesthetic 
objection sustainable in the ‘developed’ 
world—provided the food has been 
cooked! . 

It is a pity therefore that he didn’t 
get that point accurately stated. 

Yours faithfully, 
R. A. Davis 
Pest Infestation Control Laboratory, 
Surbiton, Surrey, UK 
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The inconstant Sun 


from David W. Hughes 


UNTIL recently astronomers were con- 
vinced that the Sun was a regular, well 
behaved „ star of * considerable 
constancy. Its present day behaviour 
was taken to be typical of its activity 
over a much longer time span. This 
attitude is now rapidly changing thanks 
in no small part to the work of John 
Eddy of the High Altitude Observa- 
tory, Boulder, Colorado. He found 
(Science 192, 1189; 1976) that there 
was little or no historical evidence to 
indicate that the Il-yr cycle of solar 
magnetic and sunspot activity existed 
before about ap 1700 and concluded 
(in Physics of Solar Planetary Environ- 
ments (ed. Williams, D. J.) 2, 958; 
1976) that there seems to be a much 
more gross change occurring in the 
Sun’s behaviour and especially in the 
solar constant (the energy flux received 
from the Sun at the Earth’s orbit) over 
periods of hundreds and thousands of 
years. These changes do not seem to be 
periodic. 


Maunder minimum * 

The inconstancy of the sunspot cycle 
was first noticed by F. W. @ Sporer 
ard E. W. Maunder in the 1890s. 
Spörer was studying the distribution 
of sunspots with latitude and found 
evidence that the number of spots in 
the northern and southern hemispheres 
of the Sun was not always balanced. 
To check this he consulted historical 
records of solar activity and found to 
his amazement that over a 70-yr period 
between 1645 and 1715 practically no 
sunspots were seen. This period has 
been named the Maunder minimum. 
The few spots that did occur were in- 
variably at low solar latitudes and were 
single; only one group was seen 
between 1645 and 1705. Between 1672 
and 1704 there were no northern hemi- 
sphere spots at all, in fact there were 
fewer spots þetween 1645 and 1715 
than in a single active year under 
normal conditions. Eddy re-examined 
the historical data (Science op. cit.) 
bearing in mind that ‘absence of evi- 
dence is not evidence of absence’. He 
also posed such questions as ‘how good 


were the 17th century observers and 
their observing techniques’ and ‘how 
constant a watch was kept?’. 

Most solar telescopes of those days 
had focal lengths of 2 to 4m and aper- 
tures of 5 to 10cm, the solar image 
being projected onto a white screen 
placed behind the eyepiece. The solar 
image was large enough to make spot 
umbrae and penumbrae easily discern- 
able and observers recorded details of 
white-light faculae, penumbrae fila- 
ments, satellite sunspots and most of 
the observational details known of sun- 
spots today. Several transits of Venus 
and Mercury were observed during the 
17th century as well as some 53 solar 
eclipses. The fact that the first division 
in Saturn’s rings was discovered in 
1675 and*that five of its satellites were 
discovered between 1655 and 1684 
attest to the fact that a resolution of 
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1 arc s could be obtained and that 11th 
magnitude satellites less than 40 arc s 
from the limb of a bright plarfet could 
be observed. Eddy concluded that spots 
would have been seen if they were 
there, a conclusion supported by the 
fact that the few spots that did occur 
motivated the discoverers to report 
their observations immediately in the 
journals of the time. 

Moving from sunspots to phenomena 
caused by and modified by solar 
activity Eddy verified Clerke’s observa- 
tion that 1645 to 1715 was a period 
charactgrised by a marked absence of 
aurorae and was also a time of pro- 
found magnetic calm. The number of 
aurorae reported increased dramati- 
cally after 1716. Even though the 
scientific renaissance came to auroral 
latitudes at that time and Halley’s 
paper in 1716 put the auroral 
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Fig. 1 a, A long term envelope over the solar sunspot activity using “C activity 
as a guide. MM is the Mediaeval maximum, S the’ Spérer minfmum and M the 
Maunder minimum (after Eddy in Physics of Solar Planetary Environments (ed. 
Williams, D J.) 2, 958; 1976). b, Estimate of the mean annual temperature in 
England (after Lamb, Climate, Present and Past and Future 1, Methuen, 1972). 


406 


phenomenon on a firm scientific foot- 
ing, both of these resulting in an,up- 
surge of interest, the ‘Maunder 
minimum’ of sunspot activity is evi- 
dent from auroral activity dlone. 

In addition it cannot just be a 
curious coincidence that the chromo- 
sphere was discovered in 1706 and that 
the first description of a structured 
corona was given in 1715. Coronal 
shape varies with solar activity. With 
many underlying spots the corona is 
large and made up of numerous long 
tapering streamers extending outwards 
like flower petals. At solar minimum, 
with very few sunspots, the corona 
becomes compressed and bland, the 
only unusual features being the long 
symmetrical extensions along the solar 
equator, this being the zodiacal light 
(or F corona). Between 1645 and 1715 
the corona at eclipses was always des- 
cribed as being limited in extent (1 to 3 
arc min above the limb) and as being 
dull or mournful, and reddish, typical of 
an extended minimum of solar activity. 


Radiocarbon data 

Now sunspot data only takes us back 
with any reliability to the early 17th 
century. Radiocarbon data on the 
other hand can axtend our knowledge 
of solar activity back to about 5000 Bc, 
almost half way to the last glaciation. 
“C is produced in the Earth’s upper 
atmosphere by galactic cosmic ray 
bombardment. Through the inter- 
mediary of the interplanetary magnetic 
field the Earth can*be shielded from 
these galactic cosmic rays, high solar 
activity increasing the field, reducing 
the cosmic ray flux and lowering the 
“C production rate. Trees assimilate 
“C as CO; in the photosynthesis pro- 
cess so individual tree rings preserve a 
record of the atmospheric “C/"C 
ratio at the time of formation. Figure 
la shows the overall envelope of sun- 
spot activity obtained when the “C con- 
centration is used as an indicator. The 
Maunder minimum can be clearly 
seen aS can the Sporer minimum 
(1400-1510) and the mediaeval maxi- 
mum of activity which occurred 
between 1120 and 1280. At the present 
we are half way up an increasing 
branch of the curve moving towards a 
time of high solar activity. Figure 1 
also shows how these massiye solar 
changes affect terrestrial climate. The 
lower curve (Fig. 1b) shows mean 
annual temperature in England and it 
can be seen how the Maunder and 
Spdérer minima correspond to the two 
coldest extremes of the Little Ice Age 
when global temperatures were 
depressed by 05 °C to 1 °C. 
Solar variability * ° 

Eddy is convinced that the individfial 
ups and downs of the 11-yr cycle and 


also shorter term solar variability are 
almost wholly unrelated to terrestrial 
meteorology, this in fact being 
governed by the total radiative output 
from the Sun (which is proportional to 
the solar constant). Opik (Irish Astr. J. 
8, 153, 1968) found that the average 
value of the measured solar constant 
had increased steadily, by about 0.28% 
during the 30-yr period between 1921 
and 1952. Figure la thus also repre- 
sents the 1% peak-to-peak amplitude 
variation of the solar constant. Sun- 
spot production is thought to be 
directly proportional to the rate of 
radiation flow through the solar 
photosphere. 

In a recent paper in Solar Physics 
(46, 3; 1976) Eddy, Gilman and Trotter 
found that the equatorial rotation rate 
of the solar photosphere’ juste before 
the Maunder minimum was 3 to 4% 
higher than its present value. The rate 
of change of rotation rate between 0 
and +20° solar latitude was also en- 
hanced by a factor of 3. These results 
came from an analysis of a seri¢s of 
daily full-disk drawings of the Sun 
made by Johannes Hevelius between 
1642 and 1644 and published in his 
book Selenographia Sive Lunae Des- 
criptio This anomalous .rotation may 
be just beyond the velocity range 
capable of producing sunspots by the 
solar dynamo action so the high 
velocity in the early 1640s cduld have 
caused the sunspot dearth that 
followed. 

Dynamo. theories of solar magnetic 
activity rely on the stretching of the 
general magnetic field of the Sun by a 
radial gradient of angular velocity in 
the subsurface convection zone. To ex- 
plain the migration of sunspots towards 
the solar equator as the solar cycle 
progresses this angular velocity must 
increase with depth below the photo- 
sphere. Redistribution of angular 
momentum throughout the convection 
zone caused by a variation in the radi- 
ation flux and resulting in a decrease 
in angular velocity deep in the zone 
could reduce the strength of the 
dynamo action and switch off the 


spots. 


Tidal influence unlikely 

It has often been suggested that thè 11, 
78 and 179-yr cycles of solar activity 
are controlled by gravitational tides 
raised on the Sun by the planets, even 
though this tidal force is miniscule 
compared with the force of solar 
gravity (which is about 10" times 
larger). Proponents of the tidal hypo- 
thesis tend to consider the tides as 
triggers but as Charles Smythe and 
John Eddy point out on page 434 of 
this issue of Nature trigger mechan- 
isms have the disadvantage of being 
out of the reach of physical criticism 
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and usually are beyond the grasp of 
observational tests. Tidal theories also 
produce regulaf sunspot periodicities 
so how can the Maunder minimum be 
produced? Planets surely did not stop 
exerting tidal influence when the spots 
disappeared, 

Using a computer Smythe and Eddy 
calculate all the two, three and four 
planet conjunctions that occur between 
AD 1575 and 2000 and compare their 
occurrence times with solar activity 
cycles. There are no dissimilarities 
between the conjunction frequencies 
that occur within the Maunder mini- 
mum period (1645-1715) and the ones 
which occur at adjacent periods. They 
go on to calculate the daily tidal poten- 
tial at the solar equator exerted by the 
planets. The power spectrum of this 
potential, over a 50-yr period, has 
principal peaks at J, J/2 and J/3 (J 
being the Jovian orbital period of 11.86 
yr). The authors find that the power in 
each of these peaks has not changed 
perceptibly in the past 500 yr, the 
power spectra for 1925-1975 being 
indistinguishable from the Maunder 
minimum spectra. Tidal theories of 
sunspot formation thus become much 
more difficult to support. 

So we are presented with an incon- 
stant Sun with sunspots which can be 
switched on and off in about 10 yr and 
can stay off for around 70 to 160 yr. 
The spottiness seems to be tied directly 
to the total energy flux from the Sun 
and this seems to vary with time by 
about 1%. Why it varies and how it 
directly affects spot production are two 
questions still to be answered. {I 


H-2 and mating 
preferences 


from J.C. Howard 


Ir ill becomes an immunologist to 
draw attention to the work I want 
briefly to discuss. Unhappily, the paper 
appeared in a journal specialising at the 
moment in the advancing front of 
immunology, and was probably rather 
little read by most of the people best 
qualified to enjoy it. The paper, entitled 
‘Control of mating preferences in mice 
by genes of the major histocompatibility 
complex’ (Yamazeki et al. J. exp. Med. 
144, 1324; 1976) reported that, giyen a 
choice, a male mouse will tend to pick a 
female mouse to impregnate on the basis 
of the alleles she carries in her major 
histocompatibility (H-2) system. Further- 
more the preference shown by the male 
is itself a function of his H-2 alleles. The 
preference 1s not necessarily for the self 
H-2 type; in some matings it is, for 
instance BALB.B(H-2°)3 chose H-2°9 


“J 
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in 70% of trials, in preference to BALB 
(H-2°)2, but in another cross B6¢ 
(H-2") showed a prefererice for B6-H-2*, 
and B6-H-2*¢ for B69, rather than for 
the partner of their own H-2 type. The 
experimenters used H-2 congenic mice 
to avoid confusing influences from the 
genetic background. 

This very strange and remarkable 
phenomenon was appropriately dis- 
covered at the Sloan-Kettering Memorial 
Cancer Center since it was the Sloan- 
Kettering’s President, Léwis Thomas, 
who first suggested at the second Inter- 
national Congress of Immunology in 
Brighton in 1974, that the diversity of 
histocompatibility antigens might be used 
by animals to identify* each other, 
presumably by smell, thus drawing 
together two of his persistent interests, 
immunology and pheromones. 

There are many aspects of these 
findings that need further clarification: 
do the females do any choosing, or do 
they merely wait to be chosen? Is the 
stimulus indeed a smell, and if so from 
where (the urine?), and precisely what is 
smelly? Histocompatibility antigens are 
not obvious candidates for airborne 
pheromones: perhaps the association 
with H-2 is indirect, through metabolites 
from characteristic bacterial flora in- 
festing the skin, or intestinal and genito- 
urinary tracts, the presence of particular 
organisms being under the control of 
H-2 linked Ir genes. In this context it 
was reported a few years ago that the 
bacterial flora of the human skin was 
indeed individual, as assessed by charac- 
teristic patterns of phage sensitivity, and 
of course the individuality of human 
odour has long been known, at least to 
dogs. . 

The biological significance of these 
complex phenomena fs not clear. As 
Thomas and others have pointed out, 
the recognition of individuals rs impor- 
tant for animals with a developed social 
structure. The H-2 associated mating 
preferences demonstrated by Lewis 
Thomas and his colleagues have two 
additional Interesting consequences. In 
so far as the mating preferences are 
disassortative they wu encourage the 
persistence of H-2 polymorphism. For a 
long time, evolutionarily inclined imuno- 
logists (and indeed immunologically 
inclined evolutionists such as J. B. S. 
Haldane) have been Jooking for possible 
‘external’ reasons why H-2 polymor- 
phism should be so extensive and so 
persistent. Until very recently there were 
no good clues. For a time the effect of 
H-2 incompatibility on placental weight 
in mice was offered as a mechanism for 
the maintenance of the polymorphism: 
foetuses H-2 incompatible with their 
mothers had larger placentas and a 
heavier birth weight than H-2 compatible 
foetuses in the same pregnancy. There 
were difficulties in repeating the work, 
and it has now dropped out of fashion. 


Palmdale bulge changes shape 


from Peter J. Smith 





IT ,is just about a year since Castle 
et al. (Science 192, 251; 1976) re- 
ported their discovery of the crustal 
bulge centred near the town of 
Palmdale about 65km north of Los 
Angeles. This uplift, which ap- 
parently began about 1960, had by 
1974 reached more than 0.35m at 
its highest point and was observable 
over ap area of at least 12,000 km’ 
of southern California. Interest in 
the bulge was enhanced by the fact 
that Palmdale lies almost on the San 
Andreas fault and by the discovery 
that the uplift contours were elon- 
gated along the fault over a distance 
of more than 150km. MoredVver, 
most of the area with an uplift 
greater than 0.15m had remained 
virtually aseismic since at least 1932. 
The possibility that the bulge might 
herald a major earthquake therefore 
had to be taken seriously. 

No such earthquake has yet 
occurred, but a new analysis of his- 
torical and recently acquired geodetic 
data, announced this month by the 
US Geological Survey, reveals that 
the uplift covers a much wider area 
than previously supposed and that 
part of it has collapsed since 1974 
The zone originally studied by Castle 
and his colleagues lies between 
Maricopa and Cajon (see map), but 
it is now evident that uplift extends 
at least as far as Blythe in the south- 
east. The bulge thus stretches for at 


Furthermore its universal significance as 
a mechanism for maintaining poly- 
morphism seemed doubtful when it was 
realised that it was hardly applicable to 
the birds! 

More recently Doherty and Zinker- 
nagel provided a simple mechanism for 
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least 600 km along the San Andreas 
fault and covers an area of more 
than 90,000 km’. Moreover, there is 
a second peak of uplift (between 
Palm Springs and Amboy) which is 
actually greater than the Palmdale 
peak im 1974. i 

Since 1974, however, the uplift in 
the vicinity of Palmdale itself has 
been reduced by about 0.18m. The 
significance of this depression is un- 
clear, although the area has seen 
similar behaviour before. A less well 
Yocumented uplift of possibly as 
much as 0.30m took place sometime 
between 1897 and 1914 but had 
almost disappeared by 1926, which 
has led Castle to speculate that “the 
recent deformation may be but a part 
of a generally cyclic process”. 

It may be significant that no major 
earthquake can be associated with 
the earlier episode of uplift and col- 
lapse, which “would seem to imply 
that the present deformation does 
not necessarily indicate an imminent 
earthquake. On the other hand, up- 
lift definitely preceded the 1961 
Niigata (Japan), the 1971 San Fer- 
nando (California) and the «975 
Haicheng (China) earthquakes, among 
others. The ‘Palmdale bulge’ may 
or may not pose a problem to 
the residents of southern California, 
therefore. The only thing to do for 
the time being is to comtinue to 
observe it as closely as possible. 


heterozygous advantage in H-2 when 
they showed that viral antigens on cell 
surfaces were recognised in association 
with H-2 specificities.. The virus-infected 
H-2 heterozygote is thus able to display 
a` more varied antigenic stimulus to 
itself than the homozygote, with a 
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correspondingly larger protective immune 
response. This is the kind of effect ghat 
not only guarantees the persistence of 
H-2 polymorphism (though not nec- 
essarily its variety) bùt also may explain 
why the mouse, at least, goes to such 
lengths to increase H-2 heterozygotes in 
the population above the ‘natural’ equi- 
librium frequency, by using recombin- 
ation inhibition from the neighbouring 
T system in combination with a high 
frequency of lethal recessive alleles. 
Disassortative mating preference by ex- 
ternal identification of H-2 products or 
their effects will operate in the same 
direction. 

Recognition of genetically endowed 
polymorphic pheromones may also play 
a part in maintaining the genetic integrity 
of incipient species in the face of a 
constant risk of interbreeding with the 
parent species. John Godfrey has shown 
for example, that subspecific variants of 
the bank vole Clethrionomys glareolus 
show a pheromone-dependent assort- 
ative mating preference for their own 
subspecies, given a choice. Some be- 
havioural isolation is clearly a pre- 
requisite for fixation of the subspecific 
gene complex: it would be interesting if 
the accumulation in a subspecies of 
polymorphic variants at genetic systems 
normally recogniséd as antigensewere to 
play a part in this important phenomenon. 

Clearly the Sloan-Kettering findings 
cannot be taken lightly. It is therefore a 
pity that the H-2 associated mating 
preferences shown by the use of congenic 
lines were not confirmed in breeding tests, 
since trivial and unrecognised difference$ 
between lines, for example in housing, 
handling and maintenance could possibly 
have caused the effects that were seen. I 
hope that the work is soon confirmed 
and extended, and that the study of major 
histocompatibility polymorphisms has 
just begun a new life far from the inward 
mysteries of the immune response. 0] 


Landslides 
in sensitive soils 
from I. J. Smalley 


THE property of many sensitive clay 
soils in eastern Canada to transform 
suddenly and unexpectedly to material 
of virtually zero strength makes this 
region particularly prone to large 
landslides.*Since the turn of the cen- 
tury, landslides in eastern Canada 
have cost more than 100 lives and in- 
volved the loss of more than 20,000 
acres of upland. Another large landslide 
may threaten this spring on the cal- 
culation that these massive earthflows 
occur on average every four -or five 
years and the last one, in which 31 
people were killed, occurred at St Jean 
Vianney in 1971. ‘Sensitive’ soils have 


a very high ratio of undisturbed 
strength to remoulded strength but the 
nature of the transition and the factors 
which control it are not yet estab- 
lished despite the investigations which 
have followed in the wake of the St 
Jean Vianney disaster. 

The Terrain Sciences Division of the 
Geological Survey of Canada has car- 
ried out extensive mapping in sensitive 
soil regions, and the geological setting 
of the problem in eastern Canada is 
becoming clearer (Gadd, Proc. 4th 
Guelph Geomorphology Symp. 137; 
1975). Extensive studies of the pore 
water chemistry (Torrance Can. Geo- 
tech. J. 12, 326; 1975) suggest that the 
leaching effect first described by I. T. 
Rosenqvist in the late 1940s should 
still be considered a significant factor 
in Canadian clays, although, there 
appears to be no direct correlation 
between leaching and sensitivity. 
Another interesting lack of correlation 
is that between sensitivity and size of 
landslide; a conclusion reached by 
Mitchell and Markell after a study of 
75 landslides (Can. Geotech. J. 11, 
11; 1974). 

Interparticle cementation, by pro- 
ducing strong but brittle bonds, could 
be an important factor contributing 
to sensitivity Attention has been 
focused recently by R. N. Yong and 
his collaborators at McGill University 
on the presence and importance of 
amorphous matter as a gementing 
agent in these clays and it seems that 
some soils may have an amorphous 
matter content as high as 40%. 
Mineralogical studies on sensitive soils 
still present problems, mainly those of 
mafing quantitative estimates of con- 
stituents. Some initial thermogravi- 
metric studies have been made on 
clay from the St Jean Vianney slide 
and further studies are in progress on 
material from the vicinity of another 
large 1971 event—that at South Nation 
River. The lack of clay minerals is 
notable; Gillott (Can. Mineral. 10, 
797; 1971) was one of the first to draw 
attention to the predominance of 
primary mineral particles (as distinct 
from clay mineral particles) in the 
Canadian sensitive soils. The soils, as 
a sesult, have a very low plasticity 
index and the low plasticity facilifates 
the solid—liquid transition. Cementa- 
tion provides extra strength but once 
the interparticle bonds are broken 
there are insufficient clay minerals to 
influence the abrupt change in strength 
properties. 

Mitchell and Klugman (Engng Geol 
in the press) in a survey of recent 
Canadian work report that regional 
differences in sensitive soils are be- 
coming more apparent although the 
occurrence of landslides of the char- 
acteristic form may be more wide- 
spread than has been realised. Critical 
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factors may be .revealed when the 
scope of investigations can be en- 
larged to inclutle the less accessible 
regions, in particular Labrador An 
improved classification of sensitive 
soils is also required and R. Soderblom 
at the Swedish Geotechnical Institute 
has recently taken a significant step in 
this direction (SGI Prelim. Rept 55, 
1974). He is concerned with soils of 
extreme sensitivity (often called quick- 
clays, after the Swedish term kvick- 
lera) and hgs distinguished two dis- 
tinct types. Those which require a 
considerable energy input to cause the 
solid-liquid transition he calls ‘slow 
quick clays’ and those which trans- 
form easily eare ‘rapid quick clays’. 
The new parameter of rapidity can 
be assessed using a standard Casa- 
grande liquid fimit device, and should 
prove very useful when sensitive soil 
comparisons are being made. CJ 


Relapses in malaria 


from F. E. G. Cox 


RELAPSES, months or even years after 
an initial infection, are characteristic of 
malaria and in the quartan disease an 
individual may experience periodic 
fevers for the whole of his life. Until 
the discovery of the exoerythrocytic 
stages of malaria in the liver in 1948 
it was widely assumed that during the 
remissions the parasites persisted in the 
blood at subpatant levels and that their 
spasmodic appearances in larger num- 
bers represented recrudescences rather 
than true relapses. Relapses proper 
only occur when the blood is quite free 
from parasites during the intervals 
between periodse of patency. The dis- 
covery of exoerythrocytic stages in the 
liver immediately suggested that it was 
there that they sojourned and frem 
time to time flooded the blood with 
new erythrocytic forms. A number of 
observations, however, have indicated 
that this explanation is, too simple 
(Garnham Protozool. Abstr. 1, 1; 1977) 
and recent work in the Soviet Union 
and Romania suggests an alternative 
hypothesis. 

. It has been suspected for some time 
that the tertian malaria parasite, Plas- 
modium vivax, exists in two forms, one 
with a short prepatent period (13-16 d) 
before parasites appear in the blood 
following infection from a mosquito 
and the other with a less clearly defined 
longer period of 300 d or more 
(Sergiev & Tiburskaya Arch. 
Roumaines Path. exp. Microbiol. 26, 
475; 1967). The short prepatent form is 
characteristic of tropical strains and 
the other is typically found in more 
temperate: regions such as the Soviet 
Union and North Korea Using a North 
Korean strain a team of nine cowork- 
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ers, six British and three Romanian, 
(Shute et al. Trans. R. Soc. trop. Med. 
Hyg. 70, 474; 1976) have demonstrated 
the coexistence of sporozoites cap- 
able of inducing long or short pre- 
patent periods. They infected humans 
with 10, 1x 10’, 1* 10° or 1 x10 sporo- 
zoites and found that in those given 
10 or 1X10 the prepatent periods 
ranged from 262-628 d, in those given 
1x10 the prepatent period in one was 
16 d and in four others between 257- 
386 d and ın seven infectéd with 1 x 10° 
the prepatent periods were 13, 15 or 
16d. In parallel experiments using a 
tropical strain of P. vivax all the pre- 
patent periods were short, 12-17d 
(Ungureanu et al. Trans.’ R. Soc. trop. 
Med. Hyg 70, 482; 1976). These ex- 
periments suggest that temperate 
strains oê P. vivax consist of at least 
two genetic types, one with a long and 
one with a short prepatent period and 
that in any population of sporozoites 
there are more long prepatent period 
forms than short whereas in tropical 
strains the reverse is probably true. The 
selection of the two forms has pre- 
sumably been due to differences in the 
seasonal availability of suitable mos- 
quitoes for transmission, 

It may well be that there are more 
than two forms of P. vivax within any 
one strain and ‘Tiburskaya and 
Dukhanina (Med. Parazit. 45, 218: 
1976) believe that there may be as 
many as five in one Russian strain and 


In the heady days when ‘polywater’ 
was thought to exist and even to 
repfesent a danger to life, theoretical 
chemists were quick to calculate the 
stability of water dimers and to risk 
their reputations by lending weight 
to credence in the new form of 
water The bursting of the polywater 
bubble has not, however, tended in- 
“terest in the dimeric species (H:O). 
It was first postulated to exist in 
order to explain pressure, volume 
and temperature observations in 
water vapour and later observed 
directly in solid rare gas matrices 
and by mass spectrometric tech- 
niques. The dimer, trimer and other 
small polymers are of significance in 
the understanding of liquid water 
itself and in the study of the all- 
important hydrogen bond which must 
be involved in the stability of water 
polymers and indeed in most natural 
polymers. 

The quality and reliability of the 
most recent theoretical predictions 
using ab initio molecular orbital 
methods is, demonstrated by a new 
detailed experimental study of the 
water dimer by molecular beam 
electrical resonance spectroscopy 
(Dyke et al J chem. Phys. 66, 498; 
1977). Molecular beams of the 


that the expression of a particular 
form varies from month to month. 

The life cycle of the malaria para- 
sites must now be redescribed. Sporo- 
zoites are injected into the host and 
enter the liver where they may develop 
rapidly or slowly into multinucleate 
exoerythracytic schizonts the products 
of which invade blood cells. There is 
no need to postulate a continuous 
series of exoerythrocytic cycles to 
account for relapses because these 
could result from initial infections with 
sporozoites having prepatent periods of 
up to several years. Differences in the 
time taken for different sporozoites to 
mature into exoerythrocytic stages 
could account for the irregular relapses 
characteristic of malaria. 

Continuous exoerythrocytic cycles are 
now np longer thought to occur in any 
species of human malaria. In R. vivax 
and P. ovale, sporozoites with long but 
variable development are responsible 
for relapses whereas in P. falciparum 
and P. malariae small numbers of 
parasites persist in the blood after the 
initial infection and subsequent attacks 
of malaria result from recrudescences 
of these and are not true relapses It 
is now, more than ever before, 
important to,know exactly what species 
is causing malaria because parasites 
that occur only in the blood respond to 
a number of antimalarial drugs where- 
as those that develop slowly somewhere 
else in the body do not. T 


Dimeric 
water molecules 


from Graham Richards * 


hydrogen-bonded dimers were gen- 
erated by expandıng water vapour 
through a pinhole nozzle. The cool- 
ing so produced reduces the tem- 
perature of the beam so that the 
thermal energy is insufficient to 
break the relatively weak hydrogen 
bond. Radiofrequency and micro- 
wave transitions were observed aris- 
ing from changes in the rotational 
energy of the rotating dimer. This 
gives structural information as does 
the dipole moment which can be 
interpreted to give the relative 
orsentations of the two H:O 
monomer subunits. 

The resultant structure is the so- 
called ‘“‘trans-linear’? complex This 
consists of one water molecule 
joined to the other by means of a 
linear hydrogen bond. The cova- 
lently-bonded hydrogen of one 
partner points along a lone pair 
electron lobe of its mate with a plane 
of symmetry along the hydrogen 
bond bisecting the HOH angle of the 
proton acceptor. The non-hydrogen 
bonded protons are disposed trans 
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Telecommunications 
in the ’80s 


from John R. Fortest 






A meeting entitled Telecommuni- 
cations in the 1980s and After was 
held at the Royal Society on 
10-11 March, 1977. A small exhibi- 
tion also provided a demonstration 
of telecommunications hardware 
currently used or under develop- 
ment. 









Exotic technology, system planning 
and social implications were all dis- 
cussed in a balanced programme. Sir 
Edward Fennessy (British Pogt Office) 
saw an optimistic future for telecom- 
municafions on the global scale, with 
some 1,500 million telephones by the 
year 2000, this figure being dominated 
by the now-developing countries. He 
saw electronic letter and document 
overnight transmission as a very rich 
field for development in balancing the 
loading of telecommunications traffic. 
Thif optimism in regard to the almost 
limitless capabilities of technology was 
shared by K. Corfgeld (TEMA Ltd), 
but hê showed concern that Britain 
should itself have a most modern and 
internationally-compatible telecom- 
munications system as an incentive for 
a powerful export industry. By contrast, 


to the long bond. 

The distance between the two 
oxygens is longer in the dimer than 
it is in liquid water, a similar result 
also being known for (HF): Appar- 
ently then, when a hydrogen bond is 
formed, charge transfer occurs in 
such a way as to enhance the for- 
mation of further hydrogen bonds 
which are strengthened, as is the 
case in liquid water. 

Another striking point is that the 
geometry of the proton acceptor is 
nearly tetrahedral in conformity with 
simple ideas about the disposition of 
electron lone pairs, despite the fact 
that calculated electron density maps 
do not show prominent Jone paiss on 
monomeric water. The results do, on 
the other hand, support the accepted 
view that hydrogen bonds have an 
important covalent component and 
are not merely electrostatic. 

The detailed results of this work 
answer most of the questions about 
the water dimer, but many remain 
about the trimer. Is it an open struc- 
ture with two hydrogen bonds, or is 
it a cyclic entity with three? No 
doubt theoreticians will now feel 
confident to answer this question 
long before the difficult experiments 
can be completed. 
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Mr. D. Elias (West German Ministry 
of Telecommunications) was more 
conservative towards exotic technoldgy, 
with the exception of techniques like 
Viewdata, seeing as* first priority the 
full development of conventional tele- 
phone service to all members of the 
public. He also stressed the need to 
take future system development deci- 
sions with careful regard to their effect 
on employment. 

Speaking about integrated circuit 
technology, D. Roberts (Plessey Ltd) 
showed that although 1Mbit of 
memory on a 1”X4 chip was likely 
very soon, the progress to more and 
more logic elements on a semicon- 
ductor chip was likely to be checked 
by the low yields and higher failure 
tates as complexity increased, implying 
an optimum scale of integration. He 
pointed to the crucial need for very 
much greater contact between tele- 
communications equipment and semi- 
conductor device manufacturers so 
that highly-structured logic devices 
such as telecommunications-dedicated 
microprocessors could be developed. 

For telephone exchanges, digital 
switching and computer supervision 
through stored program control with 
its ease of modification to suit con- 
tinued system development, was seen 
as essential by D. Leakey (GEC Ltd) 
and R. Ketchledge (Bell Laboratories, 
USA). Savings in cost and equipment 
size would also result, but advances in 
software were still much needed. 


Because of the diversity in population, 


settlement size, hybrid systems involv- 
ing local microprocessor control 
coupled to centralised computers were 
felt to be the optimum solution by 
K. Cattermole (University of Essex). 
Since optical techniques were likely to 
be used in transmission, he also saw 
optical switching as a very fruitful 
research area for future wide-band 
systems. 

In transmission jachntaues. the most 
exciting development was undoubtedly 
optical fibre communication. Fibre 
attenuation was now down to a few 
dB km™ in large volume production. 
Continued research was needed in fibre 
jointing, fibre reproducibility, laser 
characteristics and modulation band- 
width, but no fundamental barriers to 
progress were seen. The optical link 
for telephone traffic from Marflesham 
to Ipswich in the UK would eventually 
be upgraded to a modulation rate of 
560 Mbit s* from the initial 8 Mbit s™’, 
providing a full test of possible future 
systems. Although multi-mode, graded- 
index fibres had bandwidths up to 
1 GHz, A. Gambling (Southampton 
University) was optimistic over the 
future for the higHer bandwidfh single- 
mode fibres. e 

The continued growth of submarine 


cable installation at around 16% each 
year was predicted by J. Tiley (STC 
Ltd). This was one area where it was 
felt that digital transmission would not 
replace analogue transmission for some 
time, a further generation of analogue 
submarine cables with bandwidths up 
to 150 MHz being likely. The optical 
fibre submarine cable was, however, 
suggested as an exciting possibility for 
the next century. 

There was very similar traffic growth 
rate on mature satellite links, but here 
transmission would be overwhelmingly 
digital in future. The long-term 
development, in the opinion of B. 
Edelson (COMSAT, USA), was the 
construction in space, using the space 
shuttle, of large satellite platforms 
containing replaceable equipment 
modules. Antenna beams woyld be 
electropically shaped and steered 

The lectures on planning for the 
future were almost entirely concerned 
with the social effects of a highly- 
developed telecommunication system, 
which can on one hand integrate 
nations and populations, or alter- 
natively insulate them from personal 





A hundred years ago 
In an article whioh lately appeared in 
NATURE (vol. xv., p. 308), I gave an 
account of certain very remarkable dis~ 
ae made by Prof. Kühne, of 

idelberg, which added additional in- 
terest to the startling announcement 
contained in a recent communication 
made by Prof. Boll, of Rome, to the 
Berlin Academy, to wit, that the ex- 
ternal layer of the retina is, during life, 
of a purple colour, which rs at 
death, but which is, during cor- 
uy being bleached by the On of 
ght 

It is with great surprise that I have 
heard that the prominence given to 
Prof. Kuhne’s researches on the 
“Vision-purple” in my article in 
Nature has given some pain to Prof. 
Boll, who Pe ee some dis- 
appointment in not having been allowed 


tg remain in sole possession of the 
promising field of research upon which 
he had entered. 

In the particular case in point it 
would appear that Prof. Boll re-dis- 


covered (and, what is more, appreciated 
the full value of) a fact which had 
really been observed by some others 
(Leydig in 1857, and Max Schultze in 
1866), but which had certainly not 
become part amd parcel of the com- 
mon stock of scientific knowledge, viZ, 
that the rods of the retina are red, he 
observed that under the circumstances 
of his own experiments the colour faded 
at death, and arrived at the false con- 
clusion that the colour was a function 
of the vital condition of the retina. He, 
however, observed the remarkable 
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contact. G. B., Thompson (Bell- 
Northern, Canada), in a highly enter- 
taining lectures felt that neither 
extreme would occur, but in his opinion 
our society did not know how to handle 
information and ran into trouble when 
too large a proportion of the popula- 
tion was involved in information 
processing as opposed to materials 
processing. The basic difference with 
information is that you can sell it 
many times over and you still have it, 
he commente. He felt that some very 
careful research was needed before our 
society could adjust to a highly- 
developed information transmission 
system. 

The overall feeling of the meeting 
was that the novel technology required 
for future telegommunications systems 
posed little problem, the research and 
development areas being clearly 
defined. The real difficulties were in the 
financial resources required for systems 
of ever-increasing size and the diffi- 
culty of organisation and decision. In 
the words of R. Ketchledge: “ ... 
only politics and lack of vision stand in 
the way of the new era”. 


action of li ht i in modifying the colour. 
“During life’, he announced in 
paper, “the peculiar colour of the 
retina is continually being destroyed by 
the light which penetrates the eye. 
Diffuse daylight causes the purple tint 
of the retina to pale. The more pro- 
longed, dazzling action of the direct 
rays of the sun entirely destroys the 
colour of the retina. In darkness the 
intense purple colour is again restored. 
This objective alteration of the peri- 
pheral structures of the retina broyght 
about by the rays of light undoubtedly 
occurs in the act of vision”. This 
was the Esher discovery which Boll 
made, and with which his name will 
ever remain honourably connected. 
Although, however, he had been in full 
possession’ of the facts in the month of 
June of last year, when he demon-° 
strated them to Professors Du Bois- 
Reymond and Helmholtz, and only 
published his paper in November, he 
did not succeed in making the dis- 
coveries with which, justly, the name 
of Kühne is now associated. Kühne 
showed that if the retinal purple is 
usually destroyed at death, the result 
is attributable to the action of light, 
persistence of the colour being by no 
means necessarily connected with the 
living condition of the retina. In his 
beautiful and far-seeing discovery of the 
true function of the retinal epithelium 
cells as restorers of the vision purple, 
he was fortunate enough to make a dis- 
covery which it would be very bold for 
any one—even for Prof. Boll—to say 
he would have made, had time and 
opportunities been granted In saying 
that Boll had discovered everything re- 
ferring to the vision purple, M. Warle- 
mont shows that he has not appreciated 
the fact that two great discoveries have 
been made, the second supplementing 
the first, and actually needed in order 
that the significance of the first should 
be appreciated. 

From Nature 15, 29 March, 477; 1877. 
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Temperature and duration of the shadow 
of a recently-arrived lunar boulder 


S. A. Durrani, K. A. R. Khazal & A. Ali 


Department of Physics, University of Birmmgham, Birmingham, UK 


Natural shermoluminescence retained by soil samples from 
the shadows of some Apollo 17 boulders and from an 
adjacent sunlit area has been used to derive the temperature 
in the shade and the length of time for which the shadow has 
been cast in one case. This has implications for soil mechanics 
on the lunar surface. ° 


In the near-perfect lunar vacuum, the absence of gaseous 
convection, and the highly insulating nature of the powdery 
surface soil, ensure that there are steep temperature gradients 
across the boundary of a lunar shadow. It is therefore of 
interest, for example in studying the condensation of volatiles 
and even of any pristine water vapours, to try to determine 
the average temperature in the shade on the lunar surface. We 
have used the thermoluminescence (TL) properties of soil 
samples from inside the shadows of some Apollo 17 boulders 
and from an adjacent sunlit area to make such calculations. 
Some*evidence, based on the freshness of boulder tracks ob- 
served by the astronauts, suggested that the boulders had not 
been in their present position for very long. We have therefore 
attempted to calculate the length of time for which one of the 
boulders had cast a shadow on our soil sample. 

To preserve the natural TL of the shaded samples as much 
as possible it is important that they should be kept at low 
temperature after retrieval’, Some of the samples used in the 
present study were kept refrigerated by the staff of the Lunar 
Receiving Laboratory, at ~ —20 °C, starting about 3 weeks 
after the Apollo 17 splashdown on 17 December 1972. Since 
their receipt by us in England (on 22 March 1974), these sam- 
ples have been kept in our laboratory at the temperature of 
either dry ice (—78.5 °C) or liquid nitrogen (—196°C). This 
continuous refrigeration has proved beneficial. For comparison, 
a counterpart of each of the shadowed samples has been kept at 
room temperature from the beginning: the ‘freezer counter- 
part samples’. The sample from an adjacent gunlit area has 
also, throughout, been stored at room remperature. 

The samples concerned were collected from two locations 
at the Apollo 17 site. From Station 6 came the ‘permanently 
shadowed’ soil sample 76240, collected from about 1 m under 
the north overhang of boulder no. 4, which measured 
~5 x 4 x 3m. The boulder is believed to have been derived 
from the North Massif and seems to have been moving down- 
hill on an 11° slope to the south. For comparison, a second 
sample (76260, the ‘sunlit sample’), consisting of a 2 cm deep 
skim soil, was collected from just outside the shadow. From the 
second location, Station 2, only one sample (72320) was 
collected: a surface soul from about 20 cm under an east-west 
overhang of a 2-m boulder (no. 2) lying in a strewn boulder 


field at the lower slopes of South Massif. This sample seems, 
from our jnvestigations, to have been only partially shaded. 
No sunlit sample from an adjacent area was available in this 
case. Details of the apparatus used by us for TL measure- 
ments may be found in ref. 2. 


TL glow from shaded and sunlit samples 


Figure 1 shows the striking difference observed in the natural 
TL glow emitted by the shaded and the sunlit samples. The 
shaded sample from~ 1 m inside the shadow (76240, 22) has 
by far the most natural glow, followed by the one from ~ 20 cm 
inside the shade (72320, 4), with the least preserved glow being 
in the sunlit sample (76261,25). Moreover, the glow starts 
at successively and appreciably higher temperatures on going 
from the shaded to the unshaded samples in the above se- 
quence (namely, ~55, ~110 and ~180°C, respectively), 
resulting from thermal drainage of TL from the shallower 
traps under quite distinct lunar temperature environments. 

To investigate theeeffect of room-tenfperature storage of the 
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Fig. 1 Natural TL glow curves from the shaded and the unshaded 
samples. The ‘permanently shadowed’ sample (76240922, curve a) 
and the ‘partially shadowed’ sample (72320,4, curve c) have 
been kept refrigerated (see legend to Fig. 2), while the sunlit 
sample (76261,25, curve b) has been stored at room temperature 
since receipt on the Earth. Sample weights: a, 1.6 mg; b, 2.2 mg; 
c, 1.8 mg. For Figs 1-3, the rate of heating in an oxygen-free 
nitrogen atmosphere 1s 3.6°C s+; sample grain-size d 1s 
45 < d < 106 um; the glow ts seen by a quartz-window photo- 
multiplier (EMI 6256 SQ) through an Ilford broad-band 
(375-530 nm) filter no. 622 and plotted an aechart recorder by a 
sensitive electrometer; black-body radiation has been subtracted 
trom the glow curve. 
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Fig. 2 Fading of the ‘freezer counterpart’ sample 76241,23 
(curve a’), kept at room temperature for ~3 yr (date of readout, 
26 Janyary 1976), compared to the ‘freezer sample’ 76240,22 
(curve a), kept at —20 °C from 11 January 1973-22 March 1974, 
and at CO,-snow (—78.5°C) or liquid-mtrogen (—196 °C) 
temperatures ever since. Most ef the fading appears to be 
‘anomalous’ (that is, not obeying the temperature-dependent 
equations). Sample weights: a, 1.6 mg; a’, 1.8 mg. 


freezer counterpart samples over ~3 yr between sample re- 
trieval and our experiments, natural-fading and isothermal- 
annealing studies have been carried out on the samples. Figure 2 
shows the natural TL outputs at the beginning of 1976 from 
the freezer sample (76240) and its room-temperature counter- 
part (76241). The degree of fading, especially in the high- 
temperature region, is surprisingly high, suggesting anomalous 
fading’. In Table 1 we record tHe degree of fading observed 
in the two counterpart samples 76241 and 72321, after 3 yr 
of storage at room temperature, by comparing the natural TL 
surviving in three consecutive readout-temperature intervals of 
interest to us with the corresponding amounts in the freezer 
samples 76240 and 72320. 


Dose response and inferred natural dose 


For various calculations it is necessary to know the natural 
dose retained by each sample and the characteristics of the 
growth-to-saturation curves for them. In Fig. 3 we show a typical 
set of dose-response curves resulting from the artificial ir- 
radiation of a sample with Co y rays. The TL intensity from 
the sample (the shaded sample counterpart 76241, 23, “sample 
a’) was integrated over three consecutive readout-temperature 
intervals, 216-306 °C (area I), 306-378 °C (area I), and 
378—486 °C (area III), and the resulting ‘TL glow areas’ are 
separately plotted. By extrapolating such curves backward, 
we can infer the natural dose retained in each temperature 
interval by the sample. Similar curves have been obtained 
for the sunlit sample 76261, 25 (‘sample b°). 
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From the growth curves we can also phically determine 
the ‘half dose’ R,, so termed* from analogy with half life in a 
growth-to-saturation curve in radioactivity. This is the dose 
required to fill half the remaining traps at any stage of irra- 
diation, assuming the growth law 


n = N(1—exp(— 0.693 R/R,)), (1) 


where # is the number of filled traps for a total dose R (in- 
cluding the natural dose) and N is the total number of available 
traps of a given energy depth. 


Theoretical framework i 


To determine the effective temperature and length of storage 
of the various samples in their lunar environment, we need 
to know the trapping parameters E (‘trap depth’, usually in 
eV) and s (‘frequency factor’, in s~t) of the levels responsible 
for the observed TL. We have determined these parameters 
by using the ‘initial rise method’‘, and record them and other 
data needed in our calculations in Table 2. 

In our calculations, we have assumed the trap-filluag process 
to obey the ‘first-order kinetics’ of Randall and Wilkins®, and 
followed the general procedure of ref. 2. The.following are 
the essential equations governing the radiation-filling and 
thermal-emptying of TL traps in generalised environmental 
conditions. 

For a sample with a total of N traps, each of depth E and 
frequency factor s, irradiated with a dose rate r while being 
held at an absolute temperature 7, the following differential 
equation holds 


da/dt = —dn + (N—n)rp (2) 


where n is the number of'filled traps at time t, à is the decay 
constant at temperature T, and: p is the probability per unit 
dose of filling one of the above traps. For parameters à and p 


* 


A = t™ = 0.693/t, = s exp(— E/kT) (3) 


where t and t, are the mean and the half lives, respectively, 
of the trapped electrons at temperature 7, and 


p = 0,693/R, * 4 


where R, has been defined by equation (1). 
The general solution of equation (2) is given by 


+$ 


{1—exp(—( + rp)Ð} + n exp(—(A + rpe) (5) 


Nrp 
A-+-rp 





where 71, is the number of filled traps at time t = 0. 

There are two cases of special interest to us. First, if all traps 
are initially empty (for example, when trap-filling first starts in 
the sunlight), so that ny = 0, equation (5) is reduced to 


N ; 
ne nee {i1—exp(—(A + rpt) (6) 








Table 1 Fading of TL in the room-temperature ‘counterparts’ over a period of 3 yr by comparison with the ‘freezer samples’ 


Sample Area I (216-306 °C) 
° TL mg7* Fading 
7624Q,22 (‘freezer sample’) 37.5 
76241,23 Ccounterpart’)t 20.0 47% 
72320,4 (‘freezer sample’) 7.2 
72321,3 counterpart’) 4.45 38% 
76261,25 (sunlit sample)t 0.68 


* TL (integrated over the 


has been ignored in the above table (see ref. &for details). 
t The values for the sunlit sample are recorded for completeness. 


! mperature interval shown in each case) is expressed in arbitrary units, but has been normalised for sample K 
tł Separate studies pn the fading,of freshly produced TL in sample 76241, kept at room temperature, were carried out to estimate the fa 
of TL in the ‘freezer samples’ themselves as a result of the first ~3 weeks of 20 


Area II (306-378 °C) Area MI (378-486 °C) 
TL mg Fading TL mg™ Fading 

15.0 22.5 

7.8 48° 12.8 43%, 

11.7 18.9 

8.3 29% 14.5 24% 

1.82 7.27 : 


ing 
C storage:of all samples at LRL in December 1972. This effect 
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Table 2 Values of useful parameters for the shaded sample (a) and the sunlit sample (b) related to calculations for the temperature and duration 
« 


of the boulder shadow 
Sample a (76241,23; ‘freezer counterpart’) 


eee 


Sample b (76261,25) 








Parameter a 

TL area I (216-306 °C) TL area I (306-378 °©) TL area IL (378-486 °C) TL area III (378-486 °C) 
Trap depth £E (eV) 1.046 +0.05 1.134 +0.07 1.439 +0.06 1.72 4.0.06 
Frequency factor s (s—) ~5 x 108 ~2 X 108 m1 x 10° rw X 1014 
Peak temp. Tp (° C) 279 351 450 44l 
Njnea (or N/n)* 7.41 4.58 331 3.85 
Half-dose R; (krad) 500 520 520 340 
Storage temp. 7,(K) . ° 256 256 256 371 

(calculated) (from area I) (from area I) (calculated) 
Length of storage 7, (yr)T — 3.98 x 104 5.65 x 104 W 
(assuming 48 % fading) (assuming 43 % fading) 

Mean life + uy (yr) 2.44 x 104 3.50 x 104 7.16 x 10" 3,85 x 104 (at 7, == 371K) 
Mean life t (20 °C) (yr) 62 5.90 x 105 1.49 x 10° 6.48 x 101° 





* These are the values of N/n (uncorrected for fading) as calculated from the heights of the TL dose-response curves (compare Fig. 3) at satura- 
tion, and at 0 artificial dose, respectively. In the case of area I (sample a) and area III (sample b), n = neq (the corresponding traps having reached 
e 


dynamic equilibrium im nature). 
t These*values of ¢, result from 
has been applied to the measured N/n value shown in Table 2. 


N 


== OFRI) {1—exp(—0.693rt/R exp(— 0.693t/1)} (69 


d 

Second, when the radio-thermal environment changes at 
time f, say, (for example, the boulder arrives), such that 
the number of filled traps at time t = fy is mp, equation (5) 
holds, except that the values of the relevant parameters are 
changed to r’, p’ and 2’, and f may be replaced by ¢, such. that 
t = t—1,. Our chief interest, however, is in the case where the 
time before the arrival of the boulder is very large, so that 
fy > ©, The value of m to be used in the modified form of 
equation (5) is then reduced, by substituting f, for t im equation 
(6) and then setting f — ©, to 


no = Nrp{( + rp) . 7) 


The’modified form of equation (5), after the arrival of the 
boulder, thus becomes 


Fig. 3 TL response of sample a (freezer counterpart’ 76241 ,23) 
to y-ray dose from a ~3,500 Ci ®Co source (dose uncertainty, 
+3%). The TL has been integrated in each case over the 
three consecutive readout intervals termed area I (216-306 °C; 0O), 
àrea II (306-378 °C; A) and area III (378-486 °C; O). Notice 
the higher scale (at mght) for area I From each of the curves 
the corresponding values of n/N (ratio of the ordinates at 
artificial dose = 0, and at saturation), and half-dose R, (required 
to fill half the remaining traps at any stage) can be determined. 
Similar curves were obtained for sample b (the sunlit sample 
76261 ,25); figure not shown. 
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uation (11), with: » 10 rad yr~, after a fading correction for the relevant TL area for sample a (Table 1) 


N rp’ 


n= ar ea 
A +rp 


7 ld N # TAN d 
{1—exp— (A rpt) A+ AN expl —(\ +r p t) 
A+rp (8) 
A number of interesting limiting cases of equations (6, 6’) 


exist, details of which is given elsewhere*. Here we confine 
ourselves to two cases of immediate relevance. Thus 


(1) for either rt > R,, or f—t, 
: + 
N° N 
spi ae ss eee ae 9 
na> TE (Rr) T+ Ol) a 
and if, in addition rt, > R, 
nea > N (10) 


where, in equations (9) and (10), ea represents the dynamic- 
equilibrium, or steady-state, value of n reached either as a 
result of giving a massive dose (rt = R > R, to a sample, 
or by filling the traps for a very long time ¢ compared to +, 
at the temperature concerned; and 


(ii) forà < rp, thatis, rt, > R 
n— N(i-exp(-—rt p) — NU -exp (-0.693rt/R,)) (11) 


The values of N and R, in equation (11) are usually obtained 
by employing such a massive dose rate r in the laboratory 
that there is virtually no thermal dfainage during the irradia- 
tion. 


Determination of temperature 
and duration of the boulder shadow 


We now determine the effective temperature of storageeof the 
‘permanently shadowed’ sample (76240 or 76241, ‘sample a’) 
and the length of its storage in the boulder shadow, by compa- 
ring the TL characteristics of that sample with those of the 
‘sunlit sample’ (76261, ‘sample $’) and making use of the fore- 
going theoretical framework. 

From equation (9), which applies to the case when dynamic 
equilibrium has been reached in nature (so that rt > R,), we 
obtain, using equation (3), the value of the prevailing (or 
‘storage’) temperature as 


Ejk 
T = / 


in oR, ° * (1 2) 
0.693r (N/neqa—1) : 
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where N/ne, is the ratio of the saturation TL (obtained from 
a separate experiment) to that found in the natural sample. 
If the natural dose-rate r is known, T can be calculated by 
determining the values of E, s and R, for the relevant trapping 
level. We assume’ a Value ofer = 10 rad yr for unshaded 
lunar samples. As r occurs in the logarithmic term, even a 
substantial change (say-reduction by a factor of 2) in its value 
after the arrival of the boulder has little effect on the calculated 
value of T. This also applies to the effects of fading corrections 
(discussed below) on Nje. 

In Table 2 we record the experimental values of all the para- 
meters that are needed in our calculations. Our calculations 
involve the following steps: 

(1) We assume in the case of the sunlit sample (b) that dy- 
namic equilibrium has been reached in filling the traps cor- 
responding to the TL readout area IOU (378-486 °C, with 
E = 1,72 eV), that is, 4 > t, in sunlight. By using the values 
of the various parameters given in Table 2 (and after applying 
a 43% fading correction to N/n.q by inference from the cor- 
responding value for sample a in Table 1), we obtain from 
equatior? (12) the lunar storage temperature T = 371 K for 
the sunlit sample. 

(2) We then calculate from equation (12) the storage tem- 
perature 7, in the shade by assuming that equilibrium has been 
reached in TL area I of the shaded sample (216-306 °C; E = 
1.046 eV), that is, t, > t, of the trap at temperature T, (compare 
Table 2). After applying a 47% fading correction to n,, in the 
‘counterpart’? sample, (compare Table 1), we find that the 
temperature in the boulder shadow is 7, = 256 K. 

(3) At T, = 256 K, the values of q, for the traps correspon- 
ding to TL area Il (306-378 °C; E = 1.134 eV) and area IMI 
(378—486 °C; E = 1.439 eV) of the shaded sample are found 
to be such that the @ondition governing equation (11) is fulfilled 
(rt, > R,; compare Table 2). We can therefore solve that 
equation to obtain the length of storage ft, in shade from either 
of these TL areas, using the known values of n/N. This implies 
that the natural TL in areas I and II of sample a is well below 
the corresponding saturation values. 

Assuming the values for the amount of fading observed for 
TL areas II and IM iå the ‘counterpart’*sample a (namely 48 
and 43%, respectively, compare Table 1), we obtain from 
equation (11) the following values for the length of storage, f,, 
in the boulder shadow: e 
from area II (sample a): 3.98 x 10‘ yr; from area HI: 5.65 x 10‘ 


These values are based on a dose-rate r = 10 rad yr; if 
that rate is halved in the shadow of the boulder, the length of 
storage would be doubled, and so on. 


Correction factor for ‘anomalous’ fading 


The calculations based on the foregoing framework are found 
to be very sensitive to the values of the parameters for the 
various samples and TL areas that are fed into the equations. 
We mention in passing that the lengths of storage in the shade, 
as caleulated from TL glow areas II and UI of sample a, can 
be made to agree if one assumes an empirical relation for 
‘anomalous fading’*, namely: fading œ 1/E, where F is the trap 
depth. This leads to the following values of anomalous fading 
in areas I, II and IMI of sample ae 68, 62 and 49%, respectively 
(and for area II in'sample b: 41%). If one assumes such fading 
to have taken place in the shadowed sample since retrieval, 
the duration of the boulder shadow is obtained (from both 
areas II and ILI of sample a) as t, = 6.50 x 10 yr (for r = 10 
rad yr). 


Conclusion 


+ 


That we have beerf able to calculate the value of the duration 
of the shadow cast over our sample a (aamely ~ 4.0-6.5 x 104 
yr), and hence the time of the arrival of the boulder at its pre- 
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sent location, has important implications for soil mechanics 
on the surface of the moon. Mitchell et al.! refer to over 300 
tracks “made by boulders rolling, bouncing and skidding 
down lunar slopes”. The Apollo 17 mission provided the first 
opportunity to study closely these interesting features 
which were very evident on the Taurus-Littrow hills. The 
mechanisms for setting the boulders in motion are not well 
understood, but could include cyclical thermal expansion 
and contraction, impact cratering and seismic events. Our 
estimation of the time-scale involved in at least one such 
event could be helpful in clarifying the picture. 

In considering the duration of boulder shadow as calculated 
from the preserved natural TL in the shaded soil, it could be 
instructive to consider the role of dust movement on the lunar 
surface. Criswell’ postulates the migration of electrically charged 
micrometre-sized grains from the sunlit areas towards dark 
or partially illuminated areas. From ‘horizon glow’ observa- 
tions made at the time of lunar synset, Criswell calculates a 
value of mass-flow rate of ~10~? g cm~? yr for the sur- 
face dust, corresponding to a layer turnover rate of ~ 6 um yr=. 
Such a rate of inflow would deposit ’a layer ~ 30 cm thick in 
50,000 yr under the boulder. That this is not the case is clear 
when one considers the top ~5 cm of the shadowed soil (the 
maximum depth of our scooped sample a). A thickness of 5 cm 
would, at the above rate, be deposited in ~ 8,000 yr, yielding 
an average age of only ~ 4,000 yr inside the shadow, whereas 
our calculated length of storage in the shade for sample a is 
40,000-65,000 yr. Assuming the top I cm in the shade to be 
of external origin, the Criswell rate of inflow must be reduced 
by a factor of ~ 40. (This results in the duration of the boulder 
shadow being revised upwards from 6.0 x 10‘ yr to 6.67 x 104 
yr to yield the observed amount of glow, assuming a homo- 
geneous mixing of the top 5 cm of soil during and since its 
retrieval.) 

The value of the storage temperature in the boulder shadow 
obtained by us (256 K) seems to be high when one considers 
the conductive processes on the Moon. Values as low as 
~ 25-100 K can be obtained by using the lunar heat-flow 
data of Langseth et al. or our own conductivity data“, but 
such calculations are strongly model dependent. Our value 
in the shade is quite close to the mean equilibrium temperature 
on the lunar surface (~240 K). Imperfect shadowing of the 
sample (which came from only ~0.5—1 m inside the boundary 
of the shadow) and soil mixing could explain the rather high 
value of the effective storage temperature in the shadow of 
the boulder estimated by us. Our calculation depends critically 
on the value 7,,/N (the fractign of total traps filled at equili- 
brium) in the TL glow area I of sample a. If, as a result*of 
possible exposure to sunlight during the retrieval procedure 
and/or the high-temperature (> 100 °C) handling of the sample 
during EVA on the lunar surface, or because of a greater degree 
of anomalous fading than we have allowed for, the initial value 
Neg/N was higher than that used in our calculations, the tem- 
perature in the shade would have to be revised downward. 
Similarly, if dynamic equilibrium had not as yet been reached in 
trap-filling for area I of sample a (owing, say, to a relatively 
short storage time in the shade), then equation (12) would not 
hold, and the value of storage temperature obtained by us 
would be an overestimate. 

Our investigations have, however, been limited to the mea- 
surable effects in the context of information currently available, 
and the values obtained by us are the best estimates that can 
be made at present for the temperature and duration of the 
shadow of the lunar boulder concerned. Further refinement 
of the data may be possible in our future work which involves 
the simulation of the lunar irradiation conditions. 

We thank the staff of NASA Lunar Receivihg Laboratory, 
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cial support and leave of absence, respectively. 


= 


Nature Vol. 266 31 March 1977 


Recetved 23 August 1976, accepted 31 January 1977 


i Duram, z A. Nature 240, 96-97 (1972) 

2 Durrani A etal in Proc. 3rd Lunar Sci Conf 29535-2970 (M.1.T Press, 
adas ie , 

3 Garlick, G. F. J. & Robinson, I in The Moon (eds Urey, H. C. & Runcorn, S K ) 
32 5420 (International Astronomical Union, 1972 

4 Garlick, G. F J. & Gibson, A. F. ae pny: Soe 60, 574—590 (1948) 

5 Randall, J. T & Wilkins, M H. F Proc R. Sec A 184, 366-407 {1945} 

6 Durrani, S A., Khazal, K. A R. & ALA in Proc 7th Lunar Ser, Conf. 1157-1177 

(Pergamon, ‘New York, 1967). 


415 


7 Batinar, J. W. in Radiation and Shielding in Space, 279 (Academic, New York, 


8 Mitchet, J. e KON 17 Preliminary Sci. Rep. 8.1-8.22 (NASA, 

es OR in Proc. 3rd Lunar Sci, Conf, 2671-2680 (Pergamon, New York, 

10 Langseth, M. G , Kethm, S. J. & Poters, K. in Lator Science VII 474-475 (Lunar 
Science Institute, Houston ey 

11 Durrani, S A m Proc. 5th Lunar Sci. Conf 2689-2702 
(Pergamon, Onford 19 I Ay a 





Climate periods in tree, ice and tides 


Leona Marshall Libby 


Environmental Science and Engineering, 


Louis J. Pandolfi . 


Department of Chemistry and Institute of Geophysics and Planetary Physics, University of California, Los Angeles, California 90024 





Ten climate periods found in stable isotope ratios of oxygen 
and hydrogen, measured in 1,800 yr of Japanese cedar rings, 
agree with climate periods found in 800 yr of Greenland ice 
and with periods computed from the tidal stresses of the 
Sun-Moon—Earth system, and with periods. found in the 
4C record of the bristlecone pine sequence of southern 
California. The Greenland oxygen ratios have previously 
been found to have opposite phase to the C ratios of the 
bristlecones, and we have found also an opposite phase 
between oxygen and hydrogen ratios in the Japanese cedar 
on the one hand and “C in bristlecones on the other hand. 


VARIATIONS of the oxygen and hydrogen isotope ratios have 
been measured in a Japanese cedar ring sequence of about 
1,800 yr (see Fig. 1 and ref. 1). The Fourier transforms of these 
isotope ratios against age, into power against reciprocal 
periodicity, show the 10 periods enumerated in Table 1. Eight 


D SMOW (%,) 


Fig. 1 Stable pornos ratios 
of oxygen and hydrogen 
measured in Japanese 
cedar, AD 140-1950, in 
whole wood samples, 
integrating over 5 yr 
each. PDB, Pee Dee 
Belemnite, a fossil shell 
used as standard; 
SMOW, standard mean 
ocean water. 


6018 PDB (%,) 





of these periods are evidenced in variations of the oxygen 
isotope ratio in Greenland ice*. Three of these 10 periods are 
evidenced in tidal stresses calculated for the Sun-Moon—Earth 
system’. The periodicities evaluated from these four sets of data 
agree with each other within statistical accuracy. 

Why do the periods lie between 50 and 300 yr? The answer 
is to be found in the nature of sampling. Our cedar sequence 
was sampled integrating over 5 yr at a time and therefore 
cannot reliably show evidence for periods of less than about 
50 yr. To look for periods of < 50 yr in a sequence of 5-yr 
samples or to look for periods of > 300,yr in a sequence of 
1,800 yr is probably meaningless. Such periods may appear in 
Fourier transforms but they do not necessarily represent reality. 

To understand this we generated random signals of values 
O or 1, and assigned them to 10-yr intervals in 1,000-yr hypo- 
thetical sequences, and made their Fourier transforms. In three 
such computer experiments we always obtained a period of 
about 20 yr as an artefact of the sampling interval. In part it 
occurs because short sequences of random numbers (say 
100 numbers) are not really random, and in part because it 


6018 (PDB) = -0.00129 (yr) -21.1 


ôD =8.16 5018 + constant 
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Table 1 Periods and respective powers evaluated in Fournier transforms of oxygen and hydrogen istotope ratios in a Japaftese cedar ap 140-1950 
(ref. 2) and in oxygen isotope ratios in the Greenland ice cap, AD 1200-1950 


ô @8O/18O)* 

Period (yr) e Relative power Period (yr) 
544 3 0.58 52 5 
5743 ~ 0.65 5743 
59 + 3 0.70 61 +2 
69 43 1.50 66 + 4 
92 +2 0.52 87 + 3 
96 + 2 1.29 z 95 +2 

154 £ 6 2.58 =- 4At] 
174 47 1.29 176 +7 
202 + 7 1.45 205 + 9 
271 4 11 1.80 273 + 20 


* Data from ref. 1. 
t Data from ref. 2. 


* ô C4O/**O) (ice and tides)t 

Relative power Period (yr) Relative power 
1.00 55 — 
0.60 62 “a 
0.40 68 ma 
1.64 78 a) strong 
1.00 86 (a _ 
2.18 100 = 
2.18 142 y en 
a 179 (a) 181(b) strong 
1.64 285 (a), ©} a 


(a) Denotes tidal? and (b) denotes ice core*. At about the 86-yr period the tidal data and ice core data are almost exactly 180° out of phase. 


provides an alias of the sampling interval (see ref. 4 and 
consider the following example): 
Let each sample integrate over At = 10 yr in a sequence of 100 
samples corresponding to 1,000 yr. Such a short sequence, even if 
chosen randomly, produces artefactual signals at periods of 10, 20, 
30, ... yr ın the power spectrum, as we have found in computer 
experiments with random numbers. Then the sampling frequency, 
Jfa = (1/2 At) = 1/20 y = 0.05 cycles per yr 
combines with the artefactual signal frequency, 
f= 1/20 y = 0.05 cycles per yr 

to produce the following alias signals, 

| fa th ath... 
equivalent to 


0.05 cycles per s, (0.1 + 0.05) cycles per 5 (0.2 + 0.05) cycles per s,... 
so that the original signal at 20 y 1s reinforced by the alias signal at 
1/(0.1 —0.05) = 20 y. 

If instead, the sampling period is 5 yr, corresponding to fn = 
1/5 = 0.2 cycles per yr the artefactual signals lie at f-! = 5, 10, 
15,.... yr and the aliased signals are all at periods of < 10 yr. 

Blackman and Tukey (ref. 4, pp. 31-32) warn us “. . . frequen- 
cies above fyn usually contribute some power. Each frequency, 
no matter how high, is indistinguishable from one in the band 
from 0.to fn.” Fortunately, there is little power in our D/H and 
180/0 spectra at highefrequencies so we feel safe from aliasing 
at periods greater than about 20-30 yr. Thus we are in conform- 
ity with the remark (ref. 4, p. 52) that “It is likely that (power) 
decreases substantially as f goes from 0 to {the sampling 
frequency). If it does not, then aliasing is likely to have been 
serious, and satisfactory analysis at this spacing may be im- 
possible.” So we seem to be safe from aliasing for periods 
greater than 50 yr. 

If we are guided by ref. 4, p. 11, the maximum oscillation 
which we should search for in a sequence of 1,800 yr is “a 
moderate fraction (perhaps 5-10 °%) of the length of the record” 
or 90-180 yr, but we shall stretch this to 300 yr because of the 
agreements among the four sets of periods shown in Table 1. 
Thus where we are cautioned‘ to study only periods which can 
oscillate more than 10-20 times in our data sequence, we have 
dared to take seriously periods which can oscillate 6 times or 
more in 1,800 yr. 

With respect to a DC component, ref. 4, pp. 48-49 states, 
“All the DC power belongs in the very lowest frequency 
band ...”. We took the precaution, however, to subtract the 
DC component from both the D/H and 1+4O/#*O data (as in 
ref. 4, p. 48). Thus as shown in otr Fourier transforms? there is 
very little power in periods of more than 400 yr. Furthermore, 
we have exéluded periods of >300 yr from our present con- 
siderations because they can oscillate less than 6 times in 
1,800 yr. ' 

The ratio of peak height to background in computer experi- 
ments on relatively short sequences of random numbers gives 
a way to assess what is the background caused by ‘noisiness’ of 
the isotope data. The peaks listed in Table 1 are significantly 
above background as shown in ref. 1, Fig. 7. 

The validity of a 300-yr period in 1,800 yr of data can be 
tested by another computer experiment. Specifically one may 


generate a 300-yr periodic sine function for 1,800 yr, mix it with 
sine functions of shorter periodicities, and transform the mix- 
ture to show that the 300-yr signal is evidenced. Similar com- 
puter expefiments were performed to see if short periods of 
54, 57 and 59 yr are meaningfully separable. Our results 
indicate that they are. The measurements of Dansgaard et al.? 
were made on samples integrating over about 14 yr each, in an 
ice sequence of about 800 yr. 

Thus, are periods between 50 and 300 yr in the ice cap, and 
even in the tree, representative of real climate variations? The 
remarkable agreement between the three sets of data suggests 
that they are. The agreement is expected, and explained, of 
course, because the ice cap is storing rain water and the tree is 
likewise storing rain water by changing it chemically to wood. 

The evidence that the tree is storing a record of the climatic- 
ally induced changes in rain water is that the least squares 
correlation of D/H against 10/10 in the 1,800-yr sequence 
yields the relation! 


D/H = 8810/10 + constant. 


The empirical slope of 8 is the same as in world-wide rain water 
within experimental error’. 

Thus the question of whether hydrogen and oxygen isgtopes, 
bound in wood made in previous years, can be exchanging with 
sap of the current year, seems to be answered conclusively in 
the negative’; specifically, rings of previous years are sealed 
against exchange. If both O and H ia OH groups of wood 
exchange with sap water, the slope cannot be 8, because there 
are twice as many H atoms boynd to carbon, and these do not 
exchange.® m 


Fig. 2 Relative phases of ten climate periods evaluated for D/H, 

plotted against relative phases evaluated for **O/'*O. Each pon 

is marked by its respective period tn yr. Phases are in radians. 

The dotted line is the best fit straight line, for which alpha 
ô 180 = 1.13 (alpha 6 D) —0.771, and r = 0.922. 
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Table 2 Periods and their relative amplitudes and phases 


T (period) A (amplitude) Alpha (a) 
279 3.51 4,40 
205 3.21 4,57 
177 3.71 0.77 
155 3.96 3.37 

97 3.91 0.73 
86 2.42 6.09 
65 3.26 3.02 
62 1.64 6.47 
58 2.06 3.27 
53 2.63 1.56 
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T (period) A (amplitude) Alpha (q) 
287 4.29 e 3.81 
205 3.99 5.46 
179 2.70 0.53 
157 3.96 °¢ 3.37 
96 2.73 0.39 
88 1.73 4,19 
70 ° 2.90 3.06 
66 1.49 6.21 
57 2.04 3.78 
54 1.84 0.21 





Data based on Fourier transforms of our oxygen and hydrogen isotope ratios in a Japanese cedar ap 140-1950. 


The remarkable agreement between our tree records of D/H 
and 10/160, and the ice record of 180/10, shows itself in yet 
another way. We have found the D and *O ratios for the 
Japanese cedar to be significantly correlated in opposite phase 
to the “$C variations in the bristlecone pines of Squthern 
California.”. Similarly Dansgaard et al.? found the 18O record 
in Greenland ice to be significantly correlated in opposite phase 
with bristlecone #*C. 

We have also made a Fourier transform of the bristlecone 
pine “C record and find the following periods: 96, 183, 202 
and 272 yr, in agreement with the longer perigds in Table 1. 
Periods of <100 yr are probably not meaningful in Suess’ 
measurements® because of his 30-yr sampling period. 

The Fourier transform also evaluates amplitudes and phases 
of the periods evidenced in the measurements. For the isotope 
ratios measured in the Japanese cedar, these are listed in 
Table 2 for oxygen and hydrogen, and are in agreement with 
each other. A graph of the, hydrogen phases versus the oxygen 
phases shows this agreement (Fig. 2). 

We conclude from these observations—{1) The climate 
variations in Greenland, southern Japan, and southern Califor- 
nia have had the same periodicities for the last 800 yr or more. 
Climate variability therefore seems to be a global phenomenon. 


(2) The calculation of Dansgaard et al.* of the age of ice against 
depth in the Greenland ice cap seems to be correct, with an 
error of not more than a couple of years, at least over the last 
800 yr. The Japanese cedar rings have been dated by ring 
counting and by about 50 radiocarbon dates in th 1,800-yr 
sequence? i this serves to calibrate the calculated age of the ice 
by means of the present cémparison of climate periodicities 
in the tree and in the ice’, 

Our conclusions depend on measurement of hydrogen and 
oxygen isotope ratios in a single tree: substantiation requires 
measurement of other tree sequences. 
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Small-angle neutron scattering from solutions of small 
RNA viruses has been used to study protein-nucleic acid 
organisation. In the five viruses investigated the RNA is 
confined to a sphere of about 100 4 radius, with a central 
hole (with one possible exception). The interpenetration 
of RNA and protein varies with viruses and seems to 
be related to the nature of the forces stabilising the virus. 





THE basic principles of the architecture of viral protein shells are 
now well esfablished1, and the detailed assembly of protein 
subunits in the capsids of several small RNA viruses has been 
determined by electron microscopy and X-ray diffraction®*?. 
Very little is known, however, about the nucleic acid. Indeed, 
electron microscopy provides no information on the internal 
structure of small viruses, and low-resolution X-ray diffraction 
does not allow unambiguous location of the RNA, which 


represents, at most, 35% of the total mass. Klug et al.* 
compared low-resolution X-ray diffraction patftrns of 
Turnip Yellbw Mosaic Virus (TYMY) virions and the as- 
sociated empty capsids, and attempted to modify the relative 
contributions of protein and RNA by increasing the solvent 
electron density by additi8n of salt. The contrast variation 
method has also been used by Harrison® and Zipper et al.°. It is 
limited, however, because high ionic strengths may dissociate 
virions or modify their structure, and it is practically impossible 
to raise the density of the solvent to the level at which it matches 
that of compact RNA. 

Neutronscattering by virus solutions provides a straightforward 
alternative for obtaining low-resolution information about the 
viral nucleic acid, and utilises the fact that H,O-D,O mixtures 
can be made with scattering powers that match either RNA 
or protein?®, making it much easier to distinguish between 
protein and hydrated RNA at low resolution. The possibility 
that D,O may affect the stability or the structure of the virus 
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Table 1 
Name Protein subunit RNA content : . Total 
MW (MW) of the virion MW 
+ e 
Turnip Yellow Mosaic Virus (TYMYV) 20,130 1.9 x 10° 5.53 x 10° 
Southern bean mottle virus (SBMY) 29,390 1.4 x 108 6 69 x 108 
Cucumber mosaic virus (CMV) 26,000 ~™IL.10x 10° 5.78 x 10° 
A (multigenome) 
Bromegrass mosaic virus (BMY) 20,300 ~1.05 x 10° 4.70 x 108 
+ (multigenome) 
MS2 13,750 1.142 x 10° 3.66 x 10° 





must be checked in each case, but D,O is less likely to have an 
effect than high salt. The method is of general application and 
allows a simple systematic comparison between viruses. We 
report here the results of such a survey made on the five viruses, 
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Fig. 1 Typical diffraction curves obtained for SBMV solutions, 
corrected for background (which 1s flat). -———, Buffer solution 
(20 mM phosphate, pH 7) in H,O. ~~~, Buffer solution with 
43°% D,O. The large shift of the first maximum in 43% D,O 
shows, that the RNA is spread over a much smaller volume than 


all with triangulation number! T =*3 (180 subunits), listed in 
Table 1. 

The viruses were selected to look for a possible correlation 
between stabilising forces? and morphology. TYMV is charac- 
terised by very strong protein-protein interactions’®, as shown 
by the existence in vivo of stable empty capsids. CMV, by 
contrast is stabilised mainly by RNA-—protein interactions", 
being sensitive to ribonuclease and to high ionic strength. In 
bacteriophage MS2 both types of interactions are important}, 
BMY belongs to a special category: at acid pH it is insensitive to 
ribonuclease and high salt and empty shells can be formed in 
vitro; at pH 6.5 it swells, becomes ribonuclease sensitive and 
dissociates in high salt1®. The physical chemistry of SBMV is not 
yet well documented, but this virus is under study by X-ray 
crystallography 1®. All viruses were dissolved in low molarity 
buffers (< 0.02 M). 


Data collection and analysis 
The details of the method will be described elsewhere!®. It con- 
sists in collecting the small-angle diffraction pattern of the virus 
solution at various levels of contrast between virus and solvent, 
that is, at various solvent D,O contents. The contrast, p, is defined 
as the difference between the average scattering density of the 
virus and the scattering density of thesolvent. A typical diffraction 
curve is shown in Fig. 1. This intensity. curve can be put on an 
absolute Scale by comparison with scattering from water and 
from .the intensity scattered at zero angle by a dilute solution of a 
well-known virus (here TY MV). 

A complete analysis of this set of curves gives the following 
information. l 


(1) Radius of gyration 


For small values of the scattering vector,s (s = sin 6/A where 8 
is the scattering angle and 4 the neutron wavelength), the 
scattered intensity varies as 


I= KO exp( = =m*sRo*) 


The radius of gyration Rg varies with the mean contrast, p. The 
relation between Ro and pis?” . 


the virus. . 


. . » v$ 


Curve calculated for the 


uniform spheres 


a 
Ra’ = Rey’ +5— 


p? 
model (Fig. 2). 
@ 
Table 2 

Position of first subsidiary maximum Relative aa o first maximum 

Virus ° dexp Roy Cen inH,O in43%D,0  in68%D,0 inH,O m43%D,0 in 68% D,0 
TYMY 3,450 I11 3068 6.43 8.91 5.79 107 60 28 
SBMV 2,840 123 2530 6.27 8.91 5.79 85 16 36 
CMV 1,680 127 2160 6.30 8.75 5.79 60 20 34 
BMY low pH 2,870 113 2455 6,92 9.55 6.16 65 not measured «+ 30 
BMY high pH 4,720 134 4400 6.06 7.16 5.44 40 26 
MS2 4,710 117 5600 6.53 8.59 6.05 46 20 





Roy in A; a is dimensionless, do is calculated as explained in the text. 

Positions of intensity maxima are given irsin 0/% and in units 10-? Å —. 
J, the intensity of the first maxumum, is expressed by the ratio J(0)/I,, where I(0) is that of the central peak. For a solid sphere the ratio 
1(0)//, is 135; it decreases for a hollow sphere with the size of the central hole, reaching 20 for a thin spherical shell. 


e 
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Table 3 Results of our survey on five viruses P 
E RNA radius Capsid RNA peak RNA peak Protein p protein in 
Protem peak _— (outside) Central inside nie position density peak density H,O (calcu- 
Rest (A) position (A) (A) hole (A) (A) (A) (A-*)¢ ay lated; A -*) 
TYMYV 143 117 103 <30 E ui rh § 2.1107 250x10 2.47 10-* 
SBMV 145 125 100 s —~30 a rw 55 15x10 2.01x10 2,34 
ow] 
CMY-D 145 117 100 mmf) eae ~70 * 1.6x10- 2.10 x 107* 2.38 
BMV low pH 130 110 95 ~ 50 ~80 
~80 
BMV high pH 152 -* 130 m5 i 
MS2 135 115 100 rw) m1 05 rm 5 1.55x10-* 250x107 2.40 
~100 
Capsid inside radius (a) From 1(0)/J,. (b) From Fourier transform. 
*Data have also been collected on TYMYV empty capsids, giving the same results as for TYMY protein shell**. 
A linear variation of Ro? with 1/6 has been obtained for all the patterns dominated by the diffraction of RNA (in 43% D,O) 


viruses investigated. The values of Ray and a are listed in 
Table 2; B is zero within experimental error in all cases. Rey is 
in first approximation the radius of gyration of a homogeneous 
particle with the same’ morphology as the virus, but spatial 
inhomogeneities of H-D exchange also contribute to it, A 
value of Ray? < 3/5 Re? (expected for a uniform sphere), 
where Re+ is the outside diameter of the virus (see below), 
suggests the presence of a central hole, because the radius of 
gyration of a hollow sphere is larger than that of a solid sphere 
of the same diameter. a is the second moment of the density 
fluctuations around their average, at zero contrast between 
solute and solvent. These fluctuations are determined by the 
internal structure of the virus. The values of a agree well with 
those calculated for very simple models consisting of a sphere of 
RNA surrounded by a protein shell, with dimensions taken from 
Table 3. B should be zero if the centre of gravity of the scattering 
_ mass does not vary with contrast, for example, if the psotein shell 
and the RNA have the same centre of gravity. The experimental 
data show this to be the‘case. A separation of 10-20 A between 
centres of mass of RNA and protein would not, however, be 
detectable in our experiments. 


(2) The dimensions of the virion and its RNA 


The simplest way to analyse small-angle scattering curves from 
‘spherical’ viruses is to find the dimensions of the homogeneous 
sphere (or hollow sphere) which best fits the innermost part of 
the diffraction pattern, in particular the position and the 
intensity of the first subsidiary maximum (Table 2). The non- 
spherically-symmetric components of the structure do not 
contribute to that maximum? and a first set of values can be 
obtained by considering the virus to be composed of two 
spherical shells, each with uniform density, one for protein and 
one for RNA. Moreover, data have been obtained in 43% D,O 
where the diffraction pattern is dominated by the contribution 
of RNA, and 68% D,O, where it is essentially due to protein. 
The radii obtained are self consistent. For instance the outside 
diameters deduced from the scattering in H,O and 68% D,0 
are the same, and the sizes of the central hole deduced from the 
data in H,O and 43% D,O. This first set of values can then be 
used to build models, which are refined using several subsidiary 
maxima. The values finally obtained (Table 3), are close to the 
first set. We have already seen that those values account well 
for the variation of the radii of gyration with contrast. The 
outside diameter is also confirmed by the Fourier transform of 
I(s), which equals zero at the maximum diameter of the diffract- 
ing mass 18. The values obtained for the outside diameter agree 
well with previous results for TYMYV (ref. 4), BMV (ref. 20) 
and MS2 (ref. 6). The large intensities of the first subsidiary 
maxima (Table 2) strongly suggest the existence of large central 
holes in all of these viruses, with the possible exception of 
TY MV, where the hole (if any) is much smaller. 

Another feature emerges from Table 2: with the exception of 
swollen BMY, at high pH, the first subsidiary maximum of the 


is at nearly the same positon for all of these viruses,and, cor- 
a to an overall diameter of the RNA region of about 
100 . 


(3) The radial distribution of protein and RNA 
The radial scattering density p{r) of the particles gives a more 
detailed picture. For an object with spherical symmetry, 


© 


pir) P, = zf sF(s) sin2nrsds 
0 


Fig. 2 Radial densities obtained by spherical Fourier transforma- 
tion of structure factors deduced from stattered intensities: 
a, CMV ın H,O; b, TY in H,O; c, arr eta 
SBMV :—, in H 0, —— —— in 43% D,O, KEA , in 69% D 

The rectangles give the model used for the calculated curve Cig 
1). All solvents were buffers of low molarity (0.02 M or r below). 
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where p, is the scattering density of the solvent. F(s) is the 
square-root of /(s), and its sign is assumed to change at each 
minimum of /(s) as a consequence of the principle of minimum 
wavelength’. It is pertinent, to compute p(r) from data 
collected in H,O and in buffers matching the contrasts of the 
protein and RNA moieties (that is, about 43 and 68% D.QO). 
In Fig. 2 some of these radial densities are shown on an 
absolute scale. The variation with contrast of the protein part 
(the peaks at large radius), and of theeRNA part (the more 
complex structure between the centre and the protein shell) 
confirms the attribution of the density to the corresponding 
moiety. These curves are deformed by cut-off effects in Fourier 
transforms and no reliable information can be obtained near 
the centre (r < 50 A). The density at the maxima of the protein 
peaks, for instance in H,O, is rather independent of the cut-off 
(Table 3). For TYMYV and MS2 the experimental value of the 
density of this peak is that calculated for their coat protein, 
indicating a very tight packing of the subunits in the capsid. In 


Fig. 3 Sketch of the organisation of protein and RNA in two 
viruses as deduced from neutron low-angle scattering data. 
The shaded area corresponds to RNA. a, TYMY. Protein 
molecules are represented in c contact. RNA does not 
penetrate deeply between subunits of the capsid b, CMV. The 
shape of the protein shell has been chosen to fit the data of Table 
3. The size of the holes ın the capsid has been calculated assuming 
32 large holes (in the centres of hexamers and pentamers of the 
capsid). In this model the total volume accessible to RNA is 
about 2.5x10°A*; its average scattering density when this 
space ıs uniformly filled with CMV RNA ıs 1.60 x 10~ cm A’, 
in excellent agreement with the experimental value. 
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contrast, for CMV and SBMV the experimental values are 
somewhat lower, suggesting the presepce of. channels between 
subunits in the capsid. The position and width of the protein 
peak is also very well determined, both by the radial density 
in H,O and in 68% D,O (Table 3). Except for SBMV they 
agree with those obtained from the analysis of the position 
and intensity of the first subsidiary maximum. 

For the RNA, which is located nearer the centre of the virus, 
the results are not so reliable. First, at contrast matching of the 
protein, the diffraction pattern has a fairly low intensity, and, 
except for SBMV, where a very concentrated sample was 
available, does not extend very far. Second, for a given resolu- 
tion, Fourier transforms give less reliable results at smaller 
radii. The position of the RNA peak (Table 3) is correlated 
with the estimated size of a central hole as expected. The 
density of this RNA peak is also given in Table 3. Its accuracy 
is less than for the protein peak, but it is much lower than the 
density of pure RNA (4.04 x 10~-* A*-), indicating that 50-60 % 
of the volume 1s occupied by water, even in the region where the 
RNA is the most closely packed. . 
Discussion 
The analysis of the neutron diffraction at small angle by spherica- 
viruses in solutions of buffer containing different amounts of 
D,O provides a consistent set of data, from which low-resolu- 
tion models can be built. 

The compasison between values obtained for the dimensions 
and the density of the two moieties contributing to those viruses 
show the following features: 

(1) All viruses studied in this work (with the possible exception 
of TYMV) possess a central hole, of increasing size in viruses 
containing relatively less RNA: Within 10% the difference 
between the overall RNA radius (Table 3) and the radius of the 
hole is proportional to the molecular weight of the RNA 
in the virion. 

(2) The external diameter of the bulk of the RNA is much 
smaller than the virus diameter. 

(3) The degree of interpenetration of RNA and protein is 
different in TYMV and CMV. In TYMY there is little (if any) 
penetration of the RNA into the protein capsid (about 5 A), 
whereas in CMV this penetration must be about 20 A. This 
difference in penetration is due to a difference ın the internal 
diameters of the capsids. Our model for TYMV is different 
from that of Klug et a/.4, who suggested a strong imbedding of 
TYMV RNA into the capsid. The reason for this discrepancy 
will be discussed elsewhere!*. We simply note here that our 
method gives in a fairly direct way the overall size of the 
RNA inside the virion, and that the high ionic strength used ‘by 
Finch and Klug could induce a swelling of the RNA. 

(4) We found that in TYMV (and MS2), the maximum of the 
scattering density of the protein shell suggests a very dense 
packing, whereas for CMV the packing is less dense, leaving 
room for holes representing about 15% of the surface at the 
radius of higher density (117 A). The presence of such holes 
could explain the sensitivity of CMV to ribonuclease, even if 
its RNA is localised in a sphere much smaller than the overall 
size of the virus. These differences between TYMV and CMV 
organisation eould- account for the difference between their 
properties. The isomorphism of TYMV and TYMV empty 
capsids, the high stability of these capsids and virions, and the 
insensitivity of TYMV to ribonuclease, can be well under- 
stood from the structure we found for the virion (Fig. 4). 
Conversely, the absence of empty capsids, the sensitivity to 
ribonuclease and to magnesium ions can be easily understood 
from the model we propose here for CMV. 

MS2 seems similar to TYMYV, in agreement with the known 
properties of that virus, in particular the possibility of obtaining 
empty capsids by alkaline treatment. Our data for SBMV 
suggest that this virus may have some features in common 
with CMV, in particular, the presence of holes in its capsid: 
its sensitivity to ribonuclease is suggested by other experi- 
ments*, 
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The case of BMV (fef. 25) is clearly intermediate between those 

of TYMV and CMV. In its low pH form it shows a small RNA 
penetration into the capsid (but larger than for TYMY or MS2). 
In its swollen, high pH form (which is likely to be an in vitro 
artefact), the RNA is strongly embedded between protein 
subunits. The fact that the BMV empty capsids, which can be 
formed at pH 4-5 (refs 22, 23), have a diameter intermediate 
between those of the two forms of the virion™, suggests that 
both protein-protein and protein-RNA interactions contribute 
to the stability of that virus. 
(5) If neutron low-angle scattering curves of virus solutions 
provide direct informatiog on the protein-RNA interpenetra- 
tion and on the density of the protein shell, very little can be 
said on the folding and the symmetry of the RNA at its contact 
with the protein shell. But it is clear that the RNA is, on average, 
loosely packed; the highest radial density measured corres- 
ponds to about 50% RNA, 50% solvent by volume. 

In conclusion, neutron $mall-angle scattering of virus solu- 
tions allows a fairly clear correlation to be made for small 
RNA viruses between the packing of RNA and protein sub- 
units, anf’ the nature and importance of stabilisation forces. 
Deeper penetration of the RNA into the capsid seems to be 
correlated with the increasing importance of RNA-protein 
interactions. The technique, however cannot give data on the 
folding of the RNA. This could be achieved by neutron diffrac- 
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tion studies at low resolution of single crystals in various D,O 
environments which wil) be undertaken soon. 

We thank Drs M. G. Rossmann, M. S. Fiers P. Pfeiffer and 
H. Lot for providing samples. , 
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Collagen—mineral axial relationship in calcified 
turkey leg tendon by X-ray and neutron diffraction 
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The axial relationship between the collagen and mineral 
components in calcified turkey leg tendon was investigated 
using low-angle X-ray and neutron diffraction. The results 
indicate that the mineral is arranged with the same axial 
periodicity as the collagen and occupies the gap region of 
the collagen structure. i 


MINERALISED connective tissue such as bone is a composite 
structure of protein, mineral and glycoproteins. The structural 
relationships between these components is still unclear although, 
individually, they are better understood. 

In most hard tissues, the protein matrix is collagen which 
exists as long fibrils of diameter 200-1,000 A and displays the 
670 A period of transverse bands seen in electren micrographs 
of normal tendon collagen?*. 

The mineral is widely accepted as being calcium phosphate 
although there is disagreement as to the actual forms present. 
Crystalline hydroxyapatite seems to dominate? but there is 
clear evidence that an amorphous phase is also present‘. 
X-ray® and electron microscope® studies show that the crystals 
have their unit cells oriented in a constant manner to the 
collagen fibrib axis, suggesting a close structural relationship 
between these two ordered components. It is widely agreed 
that the crystals have one long side oriented parallel to the 
collagen fibrils, and the length of this long side is quoted 
variously between 300-1,000 A. It is also agreed that one 
lateral dimension of the crystals is about 40 A, although it is 
not known whether they exist as rods or plates. Many accept 


that the crystals are distributed along the collagen fibrils with 
the same 670 A periodicity as collagen, but there is debate as 
to whether they are confined to the periphery or penetrate 
through the interior, and there 1s no certain knowledge about 
the axial location of the crystals with respect to the collagen 
period, although it has been suggested that they occur in the 
gap region®. 

We are investigating these questions using low-angle X-ray 
and neutron diffraction of mineralised turkey leg tendon. This 
tissue was chosen because the collagen is highly ordered in the, 
axial direction, therefore giving well oriented diffraction 
patterns. Also, the system has been well studied using electron 
microscopy’. Although not strictly bone, the tissue does 
nevertheless represent a simple collagen—mineral interactive 
system, the results from which can be usefully applied to the 
whole problem of calcified tissues. 


Principles of the method 


X-ray and neutron diffraction patterns from tendons contain, 
at low angles, a set of meridional reflections which index as 
orders of 670A (D), the periodicity of the collagen fibrils 
when projected on to the fibril axis. The D period arises because, 
in projection, the 2,990 A (L) long collagen molecules are 
staggered axially by D with respect to each other (Fig. 1). 
Since L is approximately 4.5D, this molecular arrangement 
implies that each period has an overlap and gap region, each 
of approximately 0.5D in length. å 

The amino acid sequence of the collagen molecules is now 
known in some detail for rat and calf skin’®™. It is therefore 
possible to use the sequence and the Hodge—Petruska scheme 
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Fig. 1 Hodge~—Petruska scheme for the molecular arrangement 

of collagen molecules”, L (2,990A) is the length of each collagen 

molecule and adjacent molecules are staggered by D (670A) with 

respect to each other. When projected on to the fibre axis, the 

arrangement produces a step function of period D containing an 
overlap region (O) and a gap region (G). 


to construct the axially projected electron density (X-ray 
diffraction) and nuclear scattering density (neutron Giffraction) 
profiles. From these models, the predicted intensities of the 
low angle X-ray and neutron meridional reflections may be 
calculated. It has been demonstrated!*!* that a good correspon- 
dence can be obtained between the calculated and observed 
intensities in both diffraction techniques. Uncalcified turkey 
leg tendons from young birds show a meridional pattern very 
similar to that of rat tail tendon, the major differences occurring 
at a resolution in the order of 20 A. This represents a much 
higher resolution than will be described here (74 A) and, 
therefore, the scattering density models obtained for the rat 
tail can be confidently applied to this study of the turkey 
tendon. Thus, by comparing the X-ray and neutron diffraction 
patterns of calcified and uncalcified tendon an attempt can be 
made to locate the mineral with respect to the collagen axial 
structure. 

The major problem when trying to compare the diffracted 
intensities from two #imilarly periodic structures containing 
different amounts of scattering material is one of scaling. In 
this case, it was overcome (in both diffraction techniques) by 
measuring the relative first-order intensities of a gample before 
and after decalcification. Allowance was made for the different 
absorption properties of the specimen with and without the 
mineral by normalising the intensities to the measured trans- 
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mission of the undeviated beam. The important assumption 
that decalcified and uncalcified turkey tendon collagen are 
equivalent is substantiated by their X-ray diffraction patterns, 
which show no measureable differences to a resolution of 15 A. 
Decalcification was carried out in phosphate-buffered EDTA 
(pH 8.0; 5%) followed by extensive washing in 0.15 M NaCl. 

All experiments were carried out on leg tendons freshly 
dissected from turkeys killed in week 22 after birth. The tendons 
begin to calcify at week 16 and in the following 6 weeks calcify 
extensively to form stiff bone-like structures. 


X-ray diffraction . 

Previous low-angle X-ray work" on calcified systems, including 
the turkey leg tendon, has shown the existence of an axial 
repeat of spacing 660 A, and the intensities of the first six 
orders have been quantified. It was observed that these reflec- 
tions have a much higher absolute intensity than those from 
uncalcified tendon. Furthermore, the reflections were obtained 
with mineralised tendon from which the collagen had been 
removed. It was concluded that these seflections come from the 
mineral component distributed with the D period arfd not the 
collagen which exhibits a spacing of 640 A in the dry state. 

We have extended these observations. Figure 2 shows the 
low-angle meridional patterns from calcified and uncalcified 
turkey leg tendon as well as that from rat tail tendon for 
comparison. Table 1 lists the measured intensities of the nine 
orders which*are seen in the diffraction patterns. Several 
important preliminary observations can be made. 

As observed by other workers", there is strong diffuse scatter 
from the mineralised tendon at low angles, which is confined 
to the equator. It is widely agreed that the origin of this scatter 
is the ‘form factor’ (or ‘shape factor’) of individual crystallites 
of mineral from which estimates of the crystal size can be made’. 

The absolute intensities of the reflections are indeed much 
higher for the tendon in the calcified state which must be due 
to the exfra scattering by the mineral, although orders 1-5 in 
each pattern have relative intensities which are very similar. 

Finally, the spacings of the reflections from the calcified and 
uncalcified tissues are exactly the same (orders of 670 A). 
Because the mineral absorbs the X rays to such a large extent 
(approximately 90% attenuation for the thickness of sample 
used, see Fig. 2) and scatters much more strongly than collagen, 
it could be argued that the calcified tissue reflections are due 
solely to the mineral arranged D perjpdically, and that the 
collagen reflections which may exhibit a different D periodicity 


Fig. 2 Low-angle X-ray diffraction patterns showing the first nine meridional reflections of rat tail tendon collagen (a), uncalcified turkey 


tendon collagen (6), calcified turkey tendon collagen (c). A mirror-monochromator focusing system was 


linked to a rotating anode 


source (Elliot Automation GX6) with a specimen-to-film distance of 85 cm. Thin specimens, approximately 0.2 mm ın diameter were suspen- 
ded over 0.15 M NaCl ina sealed Perspex cell with Mylar windows. The rat tail tendon and the uncalcified turkey tendon clearly give very 


similar diffraction patterns. d, Calerfi 


turkey tendon, taken at the Synchrotron Radiation Facility (EMBL) at DESY, Hamburg, in colla- 


boration with A. Harmsen (specimen-to-film distance was 39 cm). The higher orders of the collagen are just visible above the intense fow-angle 
diffuse scatter from the mineral crystallites. 
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Table 1 Intensities of the first nine orders of the meridional X-ray 
diffraction patterns from,rat tail tendon, uncaleified turkey tendon 


r. and calcified turkey tendon 
Turkey Turkey Calcified 
Rat tail tendon tendon colla 
Order tendon uncalcified calcified model 
I 1,000 1,000 9,145 9,145 
2 27 9 102 97 
3 109 107 834 993 
4 11 7 68 72 
5 54 48 192 365 
6 17 8 81 88 
7 21 e 30 Si 140 
8 6 8 17 35 
9 71 37 59 55 





To measure intensities accurately, each diffraction pattern was 
digitised on an Optronics densitometer system, and the numerical 
data analysed with a computer program which mtegrates over each 
reflection and subtracts local background. Various corrections were 
applied to allow for the geometry of the X-ray camera, and other 
factors inherent in the measurement of fibre diffraction patterns. 
These aredully described elsewhere'®. The arbitrary scale is 1,000 for 
the first order of uncalcified collagen. The final column fists the 
calculated intensities as obtained from the refined model of the 
calcified collagen. 


are too weak to be seen. Very long exposures, however, fail to 
show up any other low-angle reflections. Furthermore. Fig. 2 
also shows a diffraction pattern of mineralised turkey leg 
tendon obtained with Synchrotron Radiation at DESY in 
Hamburg. This very high-intensity X-ray source allows large 
specimen-film distances which reduces the diffuse scatter 
relative to the Bragg peaks whilst still retaining the ability to 
view the weak collagen reflections at higher angles. The higher 
orders of collagen, although still very weak, are clearly visible 
on the 670-A spacing, especially the characteristically strong 
20th and 21st. ° 

Several important conclusions can be made. First, the mineral 
is arranged D periodically in the form of a step function along 
the collagen. The step width must be about 0.5D to give the 
strong, first, third and fifth orders. Second, the underlying 
collagen matrix retains its wet, native periodicity of 670 A. At 
higher resolution, where the transform of the mineral component 
step quickly dies away, the collagen pattern can be seen. 

The important question concerning the relationship between 
the two components, however, still remains unresolved. A 
specific interaction would mean that the amplitudes of the two 
individual transforms would* add, whereas an incoherent 
arrangement would cause the intensities to add. The distinction 
cannot be readily made because the mineral scatter is so 
dominant. To help overcome this problem, the material was 
studied with neutrons. 


Neutron diffraction 


This is a particularly attractive technique to apply to calcified 
systems for two reasons. Unlike X rays, the nuclear scattering 
of neutrons by mineral and protein is comparable, and the 
former component does not dominate the resultant pattern. 
Second, we can use the fact that the background scattering by 
the water can be altered by introducing various amounts of 
D,O into the system—the so-called contrast variation 
techitique!®. The average scattering length density of collagen 
at low resolution equals that of an aqueous background 
containing 47 % D,O, whereas that of the mineral is shown below 
to occur at a much higher value in the region of 80%. This 
large separation of ‘matchpoints’ between the two components 
means that we can effectively look at the scattering from one 
independently of the other. The behaviour of the rat tail 
collagen neutron diffraction pattern atdifferentH.O/D,Oratios 
is well understood!’ and can be used to interpret the results 
from the calcified collagenous system. 

The first six orders from calcified turkey tendon were collected 
on the D-1l instrument? at the Institut Laue-Langevin, 
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Grenoble in a range of D,O-H,O mixtures from 0 to 100% in 
steps of 20% (Table 2). Several important features of the 
diffraction pattern and its variation with percentage D,O are 
clear. 

At all contrasts, except that in 10087 H,O, the intensities 
indicate that the structure in projection has a step function 
nature in having relatively strong firs? and third orders and a 
weaker second. Nowhere, however, is it as pronounced as with 
the X-ray data, and this reflects the fact that with neutrons the 
mineral is not dominating the diffraction pattern. 

H the intensities are converted to amplitudes (by taking the 
square root), it is possible to plot their variation with percentage 
D,0 for each order and in al! cases therelationship is non-linear. 
For any centrosymmetric structure, it can be shown that the 
amplitudes of its Fourier transform will vary linearly with 
percentage D.O (ref. 16) and this is true for the low resolution 
rat tail tendon data (unpublished results). Clearly, the calcified 
collagen structure in projection is not centrosymmetric. 

The large increase in the sixth order is entirely consistent with 
the collagen component and essentially results from gts amino 
acid sequence”. 

Finally,e the first-order igtensity of calcified collagen is 
actually less than that of uncalcified collagen at 0% D,0. If the 
intensities from each component were merely adding to produce 
the composite value, the first order for the calcified should be 
much higher than that of the uncalcified. The fact that this 1s 
not the case, strongly suggests that the amplitudes are adding 
with some phase relationship which in turn implies a specific 
interaction between the collagen and the mineral. 

The results can be further analysed to give a low resolution 
picture of the relationship between the collagen and the mineral. 

The X-ray results indicate that, at the resolution of the 
first order, both components tan be considered as step functions. 
The first order of the composite diffraction pattern is a resultant 
of the two step function transforms at some phase angle Q. 
Therefore, determination of Q will give the axial relationship 
between each component. Contrast variation makes this possible 
using the neutron results. 

Let Am and Ac be the mineral and collagen first-order 
amplitudes in 100 of" H,0, Fm and Fe the fractions of D,O at 
which each amplitude falls to zero (the respective matchpoints), 
and Axm and Axc the amplitude values at a fraction X of D,O. 
Each component, being a step function, is centrosymmetric and 
the amplitudes of their transforms will vary linearly with the 
D,O composition. It follows that 


Axm = Am—(Am/F'u) X (1) 


Axc = Ac—(Ag/Fe) X (2) 


Table 2 Variation of the first six orders of calcified turkey tendon 
meridional neutron diffraction pattern with percentage D,O in the 


medium 
Calcified turkey tendon intensities 
Order %D,0 z 

0 20 40 60 80 100 
1 * 861 481 349 357 659 979 
2 25 13 10 15 30 42 
3 29 29 17 30 84 139 
4 4 3 5 11 20 26 
5 10 8 * 2 4 13 21 
6 4 6 13 31 61 85 


Specimens of calcrfied tendon were prepared by laying slices of 
tendon side by side to form a sheet approximately 0.1 cm thick and 
2 cm square. Large specimens are required to use fully the 1-cm? 
neutron beam. After thorough equilibriation in the 0.15 M NaCl 
DO,/H,O mixture, the sheets were mounted in specially prepared 
sealed cells with quartz windows containing the same bathing medium. 
Six orders could be well resolved on the 64 x 64 cm? detector using a 
wavelength of 5.4 A, and a specimen-detector distance of 5.53 m. 
As with the X-ray data, the numerical output from the detector was 
analysed by a program waich calculates integrated intensities corrected 
for local background. All values are scaled relative to a first order 
value of 1,000 for rat tail tendon in 100% H,O. 


Intensity 





Fig. 3 Vanation in first-order intensities of calcified turkey 
tendon {continuous line) and rat tail tendon (broken line) with 
percentage D,O. The quadratic curves were fitted to the 
observed data using a least squares routine. The first cross-over 
point at 8% D,O represents a point where the length $f the two 
component amplitudes is such that their resultant is equal in 
length to the collagen amplitude alone. The second cross-over 
point at 86% D,O represents the matchpoint of the mineral 
phase. At 47% D,O where the collagen contribution is almost 
zero, one can estimate Axm the mineral amplitude alone at this 
particular percentage D,O. 


Using the cosine rule, the resultant intensity variation of the 
composite first order with D,O is 


Al ucx = XAA AF) HA m Em) + (24c4 m/ FoF) cosQ) 
— X ((2A%| Fe) + (2A ul Fu) + (2AcA m/Fm) 608 Q-+ 
+(24cAm/Fc)cosQ)-+(A%c+ A*mt24cAm cosQ) (3) 


This equation predicts a quadratic variation ın the first-order 
intensity with respect to fractional D,O, and Fig. 3 shows a 
quadratic curve fittedeto the results together with the rat tail 
tendon first-order intensity: variation. The cross-over point 
provides a value for the mineral matchpoint Fm (0.86 D,O). 
At 0.47 D,O, the intensity of calcified system giyes an estimate 
of Axm (18.3) where the collagen contribution is at a minimum, 
and therefore 4 can be calculated from equation (1) as 40.4. 
Ac and Fe (31.42 and 0.47 D,O) are known from the rat tail 
tendon data (unpublished results). Using equation (3), a value 
for Q can be found which gives maximum agreement with the 
quadratic curve fitted to the data shown in Fig. 3. The value 
resulting from such an analysis is 134°. 


Refinement 


Can this very crude model of two-step functions related by a 
phase angle of 134° be improved? The nine orders of the X-ray 
pattern of calcified tendon provides higher resolution informa- 
tion than the six orders observed using neutrons, and these can 
be usd to refine the structure. Although the first few orders are 
dominated by the mineral, this is not true of the higher orders 
where the mineral transform is quickly dying away. The model 
structure for rat tail tendon collagen provides a reliable source 
of phases of the first nine orders èf the X-ray pattern which can 
be combined with observed intensities to give a low resolution 
model of the uncalcified tendon. By adding a step function to 
represent the mineral, it is possible to calculate the expected 
X-ray intensities from the composite system and compare them 
with the observed. The length of the step function was varied 
between 0.45D and 0.55D (as indicated by the X-ray results), 
and its position varied between 120°— 170° and —120°-> 
~~ 170° relative to the collagen step function (as indicated by the 
neutron results). Both angular regions need to be included 
because the centrosymmetric assumptipn used in the neutron 
diffraction data analysis cannot distinguish between these two 
possibilities. For convenience, qbserved and calculated first- 
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order intensities were equalised by adjusting the height of the 
mineral block, and an’ R factor is a | Foaie [È [Fons | 
was calculated on the amplitudes of theʻother eight orders to 
provide a measure of agreement. 

The average R factor obtained within the refinement region 
was 0.49, but with a step width of 0.48D and a phase shift of 
+160°, a minimum value of 0.17 was obtained. This minimum 
is 2.8 std. units from the mean. For structures chosen randomly 
outside the refinement region nowhere was a value less than 0.6 
observed. The calculated intensities from the best fit model are 
listed in Table 1 for comparison with the observed data. 

Figure 4 is a Fourier synthesis of the composite structure using 
the model phases and observed X-ray amplitudes. 
Discussion 
The axially projected structure proposed for the calaified 
turkey tendon shown tn Fig. 4 1s based primarily on the results 
of X-ray diffraction, but it ıs cdnsistent with the neutron 
diffraction. The observation that the first-order intensity with 
neutrons in 100% H,O 1s higher for the uncalcified than for the 
calciffed teadon is consistent with the component step functions 
being 160° out of phase, and the neutron scattering from each 
being comparable. In effect, the mineral scatter is cancelling 
that of the collagen and, therefore, removal of the former 
increases the first-order intensity. This also explains why the 
step function is enhanced at higher percentages of D,O in the 
medium. In the middle range near the collagen matchpoint 
(30-60%) where its contribution is small, the mineral step 
dominates; the reverse is true in the higher range (70~100°/) 
near the mineral matchpoint. 

As predicted, the structure is not centrosymmetric, which 
would only be the case if the phase angle between the two first 
order components were close to 0° or 180°. The disparity 
between the phase angles obtained from the two diffraction 
techniques may seem rather large. The difference of 26° only 
represents, however, an axial distance of 48 A which is less than 
the ninesorder (74 A) resolution of the model, and the value of 
134° obtained from the neutron data analysis did provide a 
useful starting point for the refinement using the higher 
resolution X-ray data. 
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Fig. 4 Fourier syntheses of the uncalcified (continuous line) and 
calcified (broken line) turkey tendon with a D period Both were 
constructed usipg the observed intensities and calculated 
phases of the first nine orders—the uncalcified collagen phases 
from the rat tail tendon model, and the calcified collagen phases 
from the refined model described in the text. For clanty, the two 
curves are slightly offset, but the overlap region ofthe uncalcified 
collagen corresponds in electron density to the region of the 
calcified profile where there is no mineral contribution. Exact 
axial register between the minor peaks on each curve ts not to be 
expected at this poor resolution where distortion due to termin- 
ation errors 1s very high. It 1s clear, however, that the mineral is 
lying in precise axial alignment with the gap region. The vertical 
bar represents a height of 50 electrons per residue translation. 
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This work has shown that a definite axial relationship exists 
between mineral and Collagen in calcified turkey leg tendon. The 
most attractive feature of the model is that the size of the mineral 
block and its position places it precisely in the gap region. 
Although these results provide no information concerning the 
lateral arrangement of the two components, it is difficult not to 
speculate that the mineral does penetrate the fibril and occupy 
the gap region. As indicated by others®, this is the only way 
that penetration of the collagen by the, mineral could occur 
without disrupting its fibrillar structure. The height and length 
of the artificial step, used to represent the inorganic phase in 
the model, corresponds to an actual volume of about 30,000 
Å? per collagen molecule {using the apatite electron density). 
Taking the mineral block length as 0.48D (320 A), this would 
correspond to a cross-sectional area of 94 A*. This may be 
considered rather dow when compared with the crystal size 
estimates mentioned earlier, but ıt must be stressed that the 
tendons from 22-week-old birds are certainly not fully calcified, 
and that this value of 30,000 Å? only represents some kind of 
average over the tendon. A quantitative chemical analysis of 
the amount of mineral present in the tendons of birds at Various 
ages should help to clarify this point. : 

Preliminary X-ray pictures of bat phalangeal bone indicate 
a similar low-angle diffraction pattern to that of calcified 
turkey tendon, and it is hoped that work on this and similarly 
well oriented hard tissues will bridge the gap between the 


calcified tendon system and true bone. 
a 
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The possible galactic origin of y-ray bursts 


FOLLOWING the discovery of non-solar y-ray bursts', various 
models to account for their origin have been discussed, Extra- 
galactic models include supernova bursts in remote galaxies’, 
and the collapse of the cores in active stars®, while galactic 
models are based on flare stars‘, thermonuclear explosions on 
neutron stars® and the sudden accretion of cometary gas on to 
neytron stars’. The acceptability of any of these models may 
be tested by the observed size spectrum of y-ray bursts. 
The extragalactic models predict a power law spectrum with 
a = —1.5 while for the galactic models the number index 
will be —1. The experimental data on y-ray bursts 1s 
still meagre. So far, about 44 confirmed events have been 
recorded by satellite-borne instruments’:*. The number spec- 
trum of the-observed y-ray bursts (Fig. 1) shows that the ob- 
served distribution for events with an energy less than 10~ erg 
cm? is flat and thus makes the choice of any model completely 
arbitrary Carter ef al.’ presented an upper limit on the number 
of y-ray bursts having an energy > 2.1077? @rgcm7? and 
suggested that the data are consistent with a power law spec- 
trum in which a ~ 0.5, or a modified galactic distribution. 
We present here an alternative analysis of the observed y-ray 
events, which suggests very interesting possibilities for their 
origin. 

In Table 1 we have listed the chronological catalogue of the 
observed y-ray events, Inspection of the data relating to the 
estimated flux suggests that there 1s a preferred mean energy 
for y-ray bursts. Some 90% of the events have an energy 
between 5x1075 and 5x10“*ergcm~*, contrary to the 
predicted characteristics of the number spectrum of various 
models even if a detection bias of 10 is taken into account for 
low energy bursts. 
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We estimate in thiseanalysis the relativ® distance of the origin 
of each burst by assuming a constant intrinsic luminosity of the 
source. The data were then divided into 10 bins. The number of 
bins is chosengo reflect the observed variations in energy by two 
orders of magnitude. In the histogram obtained from this 
analysis (Fig. 2a), the numbers are plotted using an arbitrary 
distance scale. In Fig. 25 we have plotted the galactic distribu- 
tion of HII regions and clouds of molecular hydrogen". The 
remarkable similarity between the distribution of y-ray bursts, 
and that of supernova remnants, suggests a genetic relationship 
between the two and the galactic origin of the y-ray bursts. A 
selection bias in binning the data to generate the y-ray burst 
histogram can alter the shape slightly but the overall gaussian 
nature 1s preserved under all combinations. 

If the apparent correlation shown in Fig 2a between y-ray 
bursts and supernova remnants is genuine, then the burst 
source could be identified with ‘cool’, that is, completely run 
down neutron stars. Current theories of supernovae suggest 
that each supernova explosion results in the formation of a 
neutron star. This prediction has been further supported by the 
discovery of pulsars About 20% of these compact objects 
will be in close binary systerns. Most of these neutron stars 
will lose their angular momentum in 10-10% yr, because 
Q2/Q = P/P = 1071%s, is representative of the observed 
values of P in various pulsars. Thus, at any time, there exists a 
large population of ‘cool’ neutron stars in our Galaxy. We 
propose that y-ray bursts originate from the disruption of these 
‘cool’ neutron stars. 

Lattimar and Schramm!® investigated a mechanism whereby 
a neutron star falling towards a black hole is tidally disrupted, 
for example, in a binary systefn. This results in the decom- 
pression of the ejected neutron-star matter. As this material 
expands it follows a unique evolutionary path, like the r-process, 
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Fig. 1 The number spectrum of the observed y-ray bursts. The 
three dotted lines labelled a = 1.5, I and 0.5 represent the power 
law function Na S~*, predicted for sources distributed uni- 
formly in 3, 2 and 1 dimensions, respectively. , Cumulative 
gaussian distribution normalised at 5 x 10-71 erg cm7?. 





towards‘ the region of superheavy elements, and nuclei 
up to mass A ~ 300 are formed. Fission ‘then sets in until 
such time that all the neutrons are used up. This process would 
result in a y flash. The characteristic time sca#e for such a 
process 1s from 10 ms to a few seconds. If we take account of 
the comparatively long decay times of the various isotopes and 
the B-decay life time of the various intermediate nuclei, the 
observed time structure of y-ray bursts can easily be accounted 
for. It is interesting, however, that some of the observed 
features will follow naturally from such a model. 


+ 

(1) The spectral shape for all events will be similar. This 1s 
suggested by the spectra of the 14 events observed by the 
IMP satellite’. 

(2) The energy released during each disruption will be similar, 
as there is only a small range in the permitted mass of 
neutron stars. 

(3) THe expected rate of occurrence of y-ray bursts im the 
entire energy range should remain constant wrthin statistical 
limits. 


The present model can also provide the required energy, which 
at a distance of 6 kpc and an average observed energy of 5 x 10~* 
erg cm™?, ecorresponds to i0*%ergs 4 emitted in y rays 
during the burst. Assuming that 1° of the total energy 1s 
radiated as y rays, the total energy released corresponds to 
10 erg s—!. This value is well within the range of the energies 
associated with stellar explosions. As the energy is released in 
the disruption of the core, the restrictions observed in accreting 
models due to the Eddington limit (~ 10% erg for the case of a 
neutron star having,a mass of 1}fe) do not apply. 

It is possible to predict the form of a number spectrum of the 
observed events if the association with Supernova remnants is 
valid and neutron star disruption results in y-ray bursts. The 
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number spectrum predicted by such a model can be defined 
as a product of three distributions. 


N(E) = Ne(t)N(E)Nalr) 

where Nc is the number distribution for star disruption, N, the 
distribution of the luminosities of burst sources, and Np the 
distribytion of sources with distance. 

All three distributions in the equation can be approximated 
by gaussian functions. The first two represent statistical pheno- 
mena, and the observed distribution of Np seems to be gaus- 
sian as is indicated in Fig. 2a Therefore, the observed com- 
posite distribution will also be gaus$ian. The integral number- 
spectrum of burst events per yr will then be represented by a 
cumulative gaussian function Figure | shows that such a 
distribution fits the observed number distribution extremely 
well. 

The present model predicts an.anisotropy in the arrival 
directions of the bursts. The magnitude of this anisotropy will 
depend on the spatial distribution of the ‘cool’ neutron stars. 
Any analysis of this nature ıs limited ‘by the very small number 
of observed burst (50) and the fact that the arrival directions 





Table 1 Chronological catalogue of y-ray events 


; Estimated flux 
Serial Date Time (Xfu)* 
No. y (UT) Velat Impł 
67~{ 2 July 1967 {4 19 28 100 
69-1 3 July 1969 07 17 13 20 
69-2 19 July 1969 03 46 46 100 
69-3 7 October 1969 07 26 31 200 
69-4 17 October 1969 03 18 47 20 
69-5 17 October 1969 21 41 53 40 
70-1 25 January 1969 05 0I 30 _ 
70-2 10 July 1970 05 17 46 40 
70-3 22 August 1970 16 49 3] {00 
70-4 « 1 October 1970 15 42 16 [00 
70-5 1 December 1970 20 00 59 4 
70-6 ° 30 December 1970 07 02 17 300 
TI-] 2 January 1971 19 10 56 100 
71-2 27 February {971 17 27 35 70 
71-3 15 March [971 1i 20 27 50 
71-4 18 March 1971 15 28 05 100 ° 
71-5 21 April 197! 03 18 39 3 
71-6 30 June 1971 17 30 59 500 
72~1 17 January 1972 17 39 16 70 
72~2 12 March 1972 [5 53 I5 50 
72~3 28 March 1972 13 46 28 100 
72-4 27 April 1972 10 58 32 30 
72-5 14 May 1972 03 46 31 200 
72-6 I November 1972 * 18 56 46 7 . 
72-7 13 November 1972 16 02 38 10 4! 
72-8 18 December 1972 20 27 39 100 {20 
73~1 25 January 1973 [5 14 57 46 
73~2 2 March 1972 23 27 58 300 280 
73-3 16 April 1973 {2 38 57 30 30 
73-4 7 May [973 08 04 32 6 a 
73-5 17 May 1973 01 34 38 — 36 
73-6 6 June 1973 07 07 28 100 60 
73-7 6 June 1973 18 47 14 = 71 
73-8 10 June 1973 20 50 42 100 90 
73-9 21 July 1973 08 55 IB 200 120 
73-10 25 July 1973 17 07 57 200 65 
73—11 20 August 1973 16 39 16 _ 27 
73-12 18September 1973 05 11 00 200 a 
73—13 26 September 1973 16 04 3] 30 70 
73-14 17 December 1973 08 09 08 80 110 
73-15 ` 23 December 1973 00 39 47 80 62 
74-i 21 January 1974 i8 05 22 42 
74-2 2 April 1974 18 20 38 _ 4] 
74-3 19 April 1975% 17 14 35 — 30 
74-4 28 July 1974% 14 OI 46 _ 27 
74~§ 6 August 1974§ 10 36 37 _ 420 
74-6 23 August 1974 14 35 44 oe 20 
ThT 29 September 1974 18 51 45 300 — 
74-8 14 December 1974§ 10 14 53 «== — 





*t Xfu (X-ray flux unit) = 10 erg cm~?. 

tEnergy range 150-750 keV (Vela 5) and 300+1,500 keV oe 6). 
{Measurements between 100 and 1,000 ke¥Y. 

§Unconfirmed. 
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Fig. 2 a, The distance distribution of y-ray bursts (——-, arbitary 
scale with galactic centre (GC) at 10 kpc) ts plotted alogg with 
the inferred galactic distribution of supernova remnants 
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H II regions ( ) and the molecular hydrogen (= —~ —-). 





have large error boxes, except for a few cases. As most of the 
events were seen by the Vela satellites, the inferred positions 
have relatively larger errors in galactic longitude than in galactic 
latitude. Strong et al.“ have analysed the latitude dependence 
of. 16 y-ray bursts. The resulting distribution deviates signi- 
ficantly from that expected on the basis of isotropic distribution, 
suggesting that y-ray burst sources indeed cluster near the 
galactic equator. This conclusion is based on a small sample 
of observations, and therefore we do not yet regard this as 
firm supporting evidence. 

The present apparent isotropic nature of y-ray burst sources 
may be misleading due to poor statistics. More directional 
data are required to establish the form of the frequency distri- 
bution. 


@ 
R. K. MANCHANDA 
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Possible detection of a 
radio event correlated with a y-ray burst 


Cosmic bursts of electromagnetic radiation, both isolated and in 
connection with other impulsive astrophysical phenomena, have 
been sought for many years', with only one suggestive positive 
result®, until, in 1973, the discovery of y-ray bursts? of cosmic 
origin prompted a new series of observations’. In 1975 we 
started a systematic search for electromagnetic bursts, at v.h.f. 
and u.h.f. The system, based at Medicina (Bologna, Italy), 
is semi-automatic and assures highly efficient data collection. 
Simultaneous observations at different frequencies facilitate the 
evaluation of disturbances of Jocal origin and, hopefully, their 
isolation. Regular observations started in July 1976, and we 
report here our detection of a radio burst, which seems to be 
correlated with a y-ray burst. 

On August 16 1976, a radio burst was detected at Medicina at 
four different frequencies’. About 60s earlier, three satellites 
(1 Vela, 2 Solrads) (R. W. Klebesadel, personal communication) 
and one balloon-borne detector on its second transatlantic 
flight (M. Sommer, personal P detected an intense 
y-ray burst. 

Details of the radio and y data are given in Table 1. 

The 151- and 408-MHz signals were detected by north- 
south arrays of 10 dipoles (HPBW = 15° x 75° and 12° x 75°, 
respectively), used as transit instruments pointing along the 
meridian at an altitude of 16.5°. The 323.5- and 330.5-MHz 
data were obtained using two receivers connected to a 7° 
HPBW parabola (10-rh diameter) tracking the Sun. The parabola 
operated in connection with the X-ray detector on its second 
transatlantic balloon flight. From the recordings (Fig. 1) it 
seems that th® pulses have a duration of 30s, which is long 
compared with the response recovering time of the pen recorders. 
On the same charts are several interference spikes whose width, 
much narrower than this, results from the finite thickness of the 
pen trace. 

The similar duration and coarse structure of the radio pulses, 
evident at all frequencies, the coincidence within the resolution 
time between the signals detected by the arrays and the Medicina 
parabola (which are 700m apart from each other), and the 
detection at four different frequencies make a man-made origin 
of the signal very improbable. 

Strong evidence of a non-local origin of the phenomenon 
comes from the independent observation carried out at the 
Osservatorio Astronomico of Trieste (400 km away) (Table 1). 
At 237 MHz,,with a 15° HPBW parabola (10-m diameter) 
monitoring the Sun, a structured event above the noise appears 
on the record in coincidence with our radio burst. 

An atmospheric origin seems unlikely, first because the 
weather was clear and fine when the burst was detected, and 
second, because of the time coincident event at Trieste. From 
the rate of isolated pulses seen in coincidence within 10s by the 
parabola and the arrays at Medicina, we expect a rate of four- 
fold random coincidence of 1 per 24 h. If weconsider the Trieste 
dish, the rate of fivefold random coincidences drops to 1 per432h. 

The y-ray event occurs ~ 60 s earlier. Assuming a coincidence 
time of 2 x 60 s, the probabulity of a random correlation between 
the y burst and the fivefold radio coincidence is 8 x 10~*. This 
supports the hypothesis that the radio signals are the counter- 
part of the y event, altHfough a definite correlation can be given 
only when the location of the y and radio event 1s found: To 
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Table 1 Radio and y data for August 16 1976 


& 
SS a ae ee See ey ee ey Ne ey gers ee yn ee ge 


Detector type z : Array of dipoles 
Frequency (MHz) [SI 408 
Bandwidth (MHz) l 2 
Energy Range (keV) e — a 
Onset time (UT in h, min, s) 16.16.24 16 16.24 
(+5) (+5 s) 

_ Duration (s) 30 o 30 
Integration time (s) 0.3 0.3 
Peak intensity (W m~? Hz“) 8 x 107** 9x 10733 


pinpoint the position of the radio burst source in the sky we could 
in principle convolve the heights of the signals measured at the 
various frequencies with the aerial beam patterns. 

When the event occurred, the axes of the parabolae and of the 
arrays were roughly orthogonal. The relative peak intensities of 
the pulgts cannot be reconciled with the source on the axis of 
any of the aerials. The Sun is then excluded, being on the axis of 
the two parabolae. A non-solar erigin of the radio tvent is also 
supported by the available information on the Sun: on August 
16 there was no evidence of activity in H (ref. 6), while at radio 
frequencies only a weak solar storm, not polarised, was present. 
Furthermore, a purely phenomenological analysis of the signals 
seen at the five different frequencies excludes the hypothesis of a 
typical solar radio burst. 





Fig. 1 Sagnals recorded on August 16 at 151 and 408 MHz. 
(Chart speed 60 cm h7}.) 


The decreasing peak intensities of the signal detected at 237, 
323.5 and 330.5 MHz, respectively, and the frequency depend- 
ence of the parabola beam shape suggest that the source was at 
least 8° off the Sun position. e 

Analysis of the general trend of the power patterns of the 
aerials and their relative positions shows that the beam overlaps 
were only marginal]. Here, the influence of side lobes is dominant 

6 


. Trieste Balloon X-ray 

Medicina parabola parabola telescope 
323.5 330.5 237 — 
2 2 2 — 

= ne ae 50—250 

16.16 25 16.16 25 16.16.20 16 15.27 
(+3 §) (+35) (+20 s) — 
30 30 40 30 
I I 0.5 — 
3x 1078 1.4 x 107% 2x107% —- 


and difficult to measure. Precise calculations of the beam pattern 
intersections are therefore useless and probably misleading 
Hence we limit ourselves to defining a region of sky (shaded 
area in Fig. 2) where the radio burst most probably originated. 
Some interesting objects exist in this region. Its area is so large, 
however, that any attempt to identify a precise object is 
meaningless. . 








-90 





21h ISh i2h 09h 06h h 


Declination 


I8 h 


Fig. 2 a, Medicina horizon; b, balloon horizons, in equatorial 
coordinates The radio burst location 1s marked by the shaded 
area. — — —, Galactic equator, GC, Galactic centre. 
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We notice that all the possible positions of the source are at 
least 15° above the galactic pMane and a delay between the 151- 
and 408-MHz radio signals produced by interstellar dispersion 
not greater than 10s must be expected, It agrees with the upper 
limit we can assign to the delay between the extreme frequencies 
used in our experiment. The 1-min time difference between the 
onsets of y and radio signals cannot be produced by dispersion. 
It implies a much higher delay between the radio signals. The 
y-radio delay might then reflect the time evolution of the 
phenomenon which produced the electromagnetic burst. 

Also, the duration òt of the radio burst, even in the case of the 
lowest frequency 15! MHz, cannot be attributed to dispersion 
across the bandwidth of the receiver. In fact, if the full 60-s 
delay between the y-ray burst and a truly prompt radio burst 
were caused entirely by electron dispersion, 6¢ would be only 
0.8 s for a bandwidth Av = 1 MHz. 

Our radio data seem to be the radio counterpart of August 
16, 1976, y-ray burst. The probability of a random coincidence 
(8x 10-*) could have been drastically reduced by other in- 
dependent observations. Unfortunately, this was not the case. 
We hope that more extended collaborations, between various 
spaced stations will increase the efficiency in rejecting inter- 
ference events and give further evidence of the existence of radio 
bursts of cosmic origin. 

We thank Drs G. Cavallo, F. Fuligni and J V Jelley for 
helpful criticism and discussion, and Messrs G. P Cazzola, S. 
Cortiglioni, E Sbarbati and F. Tint: for technical assistance. 
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Observational test 
for the existence of a : 
rotating black hole in Cyg X-1 s 


X-ray satelliteexperiments 1*1 are now investigating the degree 
and pjane of linear polarisation of the radiation from Cyg X-1. 
This radiation can be explained as coming from an accretion 
disk around a black hole, the polarisation of the X rays being 
due to electron scattering in the hotter, inner regions of the 
disk. Novick reported? observing 3%, linear polarisation 
(marginally significant at the 2.50 level) at 2.6keV from Cyg X-}. 
Existing predictions of the polarisation properties, as a function 
ofenergy, have been based on a Newtonian approximation®®, 
thus neglecting gravitational effects on the rays as they propagate 
from the disk’s surface to an observer at infinity We present 
here preliminary results of a full general-relativistic calculation 
which show that gravitational effects completely alter the 
polarisation properties, and provide a sensitive test of the 
existence of a black hole. 

Whereas tn the Newtonian approximation the plane of 
polarisation as measured at infinity is the same for each point 
of origin on the disk (for the same inttial polarisation), ıt 
varies considerably when we allow for general-relativistic 
_ effects. These rotational differences can amount to over 100°. 
Even the special-relativistic aberration contributions, in the 
regions of interest, are typically an order of magnitude smaller 
than those of a gravitational origin. 

‘We use the general-relativistic parallel-transport equations® 
to propagate the polarisation vector from each pornt on the disk 
along the null geodesic linking it to an observer at infinity with 
polar angle 8,. While a non-rotating, Schwarzschild, black hole 
can be treated*analytically (R. F. Stark, unpublished work and 
ref 7), we report here numerical results for a Kerr black hole. 
For a rapidly rotating black hole the general-relativistic effects 
on the polarisation properties are an order of magnitude 
greater than for a slowly-rotating black hole or for a neutron 
Star. 
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The degree of linear polarisation, 6, of the rays as they leave 
the disk will also differ from the Newtonian value. Gravitational 
bending of the light will alter the angle at which a ray leaves 
the disk’s surface from the Newtonian value of 95. As ô depends 
on the initial direction of travel (varying, for an optically thick 
disk, from 0% for rays leaving the disk vertically, up to 12° for 
rays leaving parallel to the disk)’, weecan also expect gravita- 
tional effects to change the observed degree of polarisation. 

We sum contributions from all parts of the disk to find the 
net observed polarisation properties, as a function of observed 
X-ray energy Es, from the net Stokes parameters J(E,),Q(E)), 
U(E), V(E (ref. 8). Following Cunningham’, we use a 
transfer function f to obtain the intensity, but also define a 
polarisation transfer function 4 = fe? where 9 is the observed 
angle of the plane of polarisation (measured from the unrotated 
direction). The net Stokes parameters can then be expressed as 


KE) = SJ Ge) f ME dle) r dr dg 


Q(E)+iU(E>) = SJ G(g) h 8 (Eojg) KEolg) r & dg 


where G i$ a function only of the redshift g, and J is the locally 
produced intensity. The assumption of a plane, homogeneous 
atmosphere for the disk implies that V(E,) = 0, that is, there is 
no circular polarisation. The net degree of polarisation, and 
net polarisation angle, 6(£,), @(E,), as observed at infinity 
are then given by: 


(Eo) = V LONXE) + U Ep) ME), tan2@ = U(E,)/O(E.) 


For illustration, we have used the Novikov—Thorne co- 
rotating, equatorial disk medel?®, for a Rerr black hole with 
specific angular momentum a/m = 0.9981 (ref. 11) although, 
as we emphasise, and discuss below, we expect similar effects 
with most disk models centred on rapidly rotating black holes. 
For our chosen parameters the disk could always be considered 
to be optically thick throughout. We use Chandrasekhar’s 
results® for the variation of ò with angle for such an atmosphere, 
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Fig. 1 E es of plane of polarisation with energy for 9, 
= 75.5°. Thé parameters used for the disk model were: viscosity 





parameter, a = 0.1, mass of black hole, M = 9Mo; mass 
accretion rate = 7x10" gs7. , General-relativistic 
curve; — — —, Newtonian curve. 
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Linear polarisation, ð (a) 





107! | 10 10? 10° 
X-ray energy. Ey (keV). 
Fig. 2 Variation of linear polarisation with energy. Same para- 


meters as in Fig. 1. , General relativistic curve; ——~—, 
Newtonian curve, 





modified to include frequency-dependent effects due to free—free 
opacity. i 

Figure | shows the large general-relativistic variation of the 
polarisation plane with energy. An anti-clockwise rotation with 
increasing energy will be seen byan observer above the disk 
(that is, with 6)<90°), while observers below the disk will see 
a clockwise rotation. The effect of general relativity on the 
degree of polarisation (Fig. 2) is to cause a peak (below the 
predicted Newtonian value) and a fairly rapid fall-off at ~ 2 keV, 
and to cause a minimum and subsequent rise at higher energies. 
This behaviour is predominantly due fo the gravitational 
bending of the rays previously mentioned, the depolarisation 
due to differential rotations in © being smaller. 

A large general-relativistic rotation in the plang of polarisa- 
tion can be expected for most other disk models incorporating 


Fig. 3 Variation of the polarisation plane of the most blueshifted 
radiation with emission radius, a/m = 0.9981. a, 8, = 41.1%, 
b, 8, = 75.5%. 
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electron scattering, and a good estimate.of the rotation for 
these models can be found by examining the peaking behaviour 
of the integrals with redshift and radiu§ For'a chosen model, 
as £, increases, / peaks for an annulus of decreasing radius, on 
account of the radial temperature structure of the disk. Around 
this annulus the redshift factor G peaks where the rays leaving 
it are blueshifted the most into E,. We thus find that the main 
contribytion to the tntegrals comes from a small area of the 
disk. Figure 3 shows the variation of the observed polarisation 
plane @, of these maximum blueshifted rays with annular 
radius <r>. 

Once the variation of <r> with £, for a particular model has 
been found, the variation of Qg with “r> can be used to obtain 
a good estimate for p. If the disk has an optically thin inner 
region, ® will change by 90° as <r > passes through the transition 
region from thick to thin'*, and will then tesume a general- 
relativistic variation. Large variations in ® with energy, of a 
gravitational origin, will occur whether the inner region 1s 
optically thick or thin (as in the two-temperature disk model)’. 

The very large general-relativistic rotations in the plane of 
polarisation, provide an opportunity for testing the black hole 
hypothesis for Cyg X-!. To observe these effects, X-ray 
satellite experiments are required with more sensitive polari- 
metry across a wider energy range than is available at present. 
The results also indicate that the polarisation properties of 
radiation emitted from regions of strong gravitational fields can 
be both theorefically and experimentally important. 

We thank Dr D W. Sciama for guidance and Drs J. C. 
Miller, S. Pineault, T. Piran, G Bath and Mr S. J. Rose for 
helpful suggestions. 
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X rays from radio binaries 


THE properties of the radio binary systems, CC Cas, AR Lac, $ Per 
(Algol), 8 Lyr, b Per and Cyg X-1 have been listed’ A thermal 
interpretation of the radiation from Algol? requires a much larger 
X-ray flux than the observed value of 3.8x10°'! erg 

7457? keV~'in the 2-6-keV energy range® The observation of 
some non-thermal flares, and the small size of the radio source in 
Algol indicate the non-thermal nature of the radio emission’ We 
interpret the raglio emission as synchrotron radiation and suggest 
that the observed X-ray emission 1s inverse Compton scattering of 
the light of the primary star by the radioelectrons Wecalculate X- 
ray emussion from other radio binaries using this model. The 
energy for the radio electrons can arise from annihilation of 
magnetic lines connecting the binary stars twisted by the rotation 
of the stars* 

The energy of the synchrotron electrons‘of B Per (Algol) ts fixed 
by the optical photon energy (about 0 8 eV) and the X-ray photon 
energy (4 keV); the relativistic factor for these electrons 1s about 
75. The observed radio frequency (about 8 x 10° Hz) gives the 
strength of the magnetic field as 1.6 Gin the radio-emitting region, 
using the usual sychrotron radiation formulae. The radio emission 
from the electrons, with the observed radio energy emission’, gives 
the number of radio electronsas 2 x 10°® The optical luminosity of 
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° ' TABLE 1 X-ray flux from radio binaries 
8S SSS a SSS Se SSS SSS SS SS SS ee a ee 
, $ 
CCCas., AR Lac B Per BLyr b Per Cyg X-I 
Optical luminosity (erg s~?!) . 5 x 1036 2 x 1034+ 3x105 6x 1035 P2 x 1035 5 x 103° 
Maximum radio luminosity at 12x 10!9 73x 10!7 4 8x 1017 ‘1,6 x 1018 3.9 x 1016 26 x 107° 
8085 MHz (erg s~! MHz!) : : 

Distance (pc) 1000 e 7 25 260 52 2500 
Calculated X-ray flux leis em=? s~! keV~') 2x101 10722 4x101: 3x10! 10~!2 1071 
Observed X-ray flux (erg em~? s7! keV~!) 9 38x10 ? ? ~4x10°% 
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the primary B-star,1s calculated from the observed visual magni- 
tude and an appropriate bolometric correction, and is about 
10°*ergs~* The optical photon density is obtained using a 
distance of 3 x 10'! cm frorfi the star, which 1s a little less than half 
the semi-major axis of the close binary system Using a distance of 
25 pc for Algol’, the X-ray intensity at the Earth due to Compton 
scattering of the optical photons from radio electrens 1s*about 
4x 107! ergem™? s~! keV", agreeing with the value ‘of Schnopper 
etal 3 

The energy release, F, from the magnetic field twisting between 
the binary stars is given approximately for one turn as (see ref. 4) 


E ~ B} a®/R*Pergs~} > 


where B; is the surface polar magnetic field of the star, a is the 

radius, 2% ıs the interstar distance and P is the period of rotation 
Using plausible values of B; ~ 30.G, P ~ 105 Sya ~ 2x 10!! cm, 
R ~ 4x10!! cm, we obtain E ~ 103! erg s~', which 1s appro- 
ximately the energy in X-ray emission The value of Bs 1S 
compatible with the magnetic field in the radio-emutting region if 
we assume a dipole field. 

Table 1 shows the X-ray flux expected from the other radio 
binaries listed in ref. 1 using the same model The %-ray flux 
observed from Cyg X-1 clearly shows that the X- -ray-emitting 
process 1s different from the one considered here. Of the remaining 
radio binaries in the list, 8 Lyr seems the most promising candidate 
for observation 
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Transient structure in ‘the 
high-energy X-ray light curve of NP 0532 


ON 1974 June 21 we observed the Crab Nebula with a balloon- 
borne X-ray ‘telescope (20-150 keV) with a sensitive area of 
~ 700 cm*. The observations took place between uT 541125 
and 78520 s. At times during this period a'transitory third peak 
was observed in the light curve’ of NP0532, which we have 
reported earlier’®. The peak comprised 2.0+0.5% of the total 
emission from the Crab, and was detectable for ~5 min on two 
occasions (~ 40 min apart). We also report pulsed fractions in 
the primary and secondary peaks, and in the interpulse region. 

Four light curves for the pulsar NP0532 are shown in Figs 
la—d (35-115 keV). The intervals over which data were super- 
imposed are indicated. A fifth curve (Fig. le), is a superposition 


of background data, using the period for NP0532. The pulsar 
period was corrected for balloon location and drift, based on 
optical data and ‘calculations provided by H. Helmken of the 
Center for Astrophysics. The data were binned in time bins of 
1/85 of the pulsar period, that is, ~0.3901 ms. The actual time 
resolution of our data, however, is 2 ms. ä 


Fig. 1 Laight curves of NPO432 on 21 June 1974 (35-116 keV). 
The observation intervals (in ur; seconds from June 21.0) are 
indicated. Scans over the Crab Nebula were made with different 
exposures; thus, the amplitudes of the peaks are different for the ` 
four intervals : a, 54130-54800 s; b, 71880-72200 s; c, 73700-74200 
s; d, 74450-74850 s. The primary and secondary peaks occupy 
‘ bins 25-45 and 66-81, respectively. A third peak (bins 5-12) is 
apparent -~~12 ms before the primary in 6 and d. A curve for back- 
ground data (e, 81600-82600; folded at the NP0532 period) is 
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Table 1 Analysis of transient light-curve peaks s 
Bins per No. of. Null hypothesis 
group groups s Starting bin for %*max probability 
m F b d b d b d 
6 4 16.6 13.3 5 3 0.0036 0.0169 
7 4 15.5 10.3 6 2 0.0063 0.0680 
8 3° 19,2 9.9 5 3 0.0002 0 0392 
9 3 13.6 17.0 6 4 0.0093 0.0013 
19 2 12.7 9.0 5 * 3 0.0020 0 0196 
i] 2 15.1 e 8.8 5 3 0.0010 0.0215 
i2 2 14.1 11.5 5 3 0.0020 0.0066 
13 2 8.3 11.0 5 2 0.0306 0.0074 
14 2 6.4 8.5 5 14 0 0775 0 0295 





Bins 1-24 and 82-85 ın the light curves of Figs. 16 and d were used. The first column gives the number of time bins combined into larger bins 
(called ‘groups’). The second column gives the number of groups that could be composed from the data. The third and fourth columns give the 
maximum value of x?! obtained by forming groups from adjacent time bins from Figs 1b and d, respectively This maximum occurred when the 
first of these groups began with the bin number given ın the fifth column (Fig. 15) or sixth column (Fig. Ld) The sixth and Seventh columns give 
the probability that the given values for x*max for the data of Figs 1b and d, respectively, would occur as statistical fluctuations in random data. 
These probabilities were determined by repeating the analysis procedure on 10,000 runs of computer-generated random data. 


Figure¥ 1b and d show the presence of a third pulse (bins 
5—13) which leads the primary pulse by ~ 12 ms. To establish 
objectively a level of statistical sigfificance for this peak, we used 
a Monte Carlo technique, that is, we tested for a feature of 
arbitrary location and width within the light curve. In applying 
this technique, we first calculated x? for various combinations of 
adjacent data bins (which we called ‘groups’) from Figs 15 and 
d; a total of 28 bins (bins 1-24 and 82-85) were used in con- 
structing the groups, covering the generally accepted ‘unpulsed’ 
portion of the light curve. Groups censisting of 6-14 bins were 
considered; the lowest-numbered bins were used and leftover 
bins disregarded when 28 was not divisible by the number of bins 
per group (for example, when cqnsidering groups of six bins, 
only bins 1-24 were used). y? was evaluated for these groups, 
fitting the data to a constant count rate. The maximum value of 
y? obtained in this manner is given in Table 1 for each group 
size used. 

The same procedure was then followed on 10,000 runs of 
simulated data, generated assuming a constant counting rate 
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divided the 320s of data used in Fig. Ib into two 160-s sub- 
intervals ahd established that each subinterval céntributed 
approximately equal amounts to the feature. A duration some- 
what greater than the ~5 min we report is also possible, as we 
did not observe the Crab during the ~4 h between the times 
when data for Figs la and 6 were taken. The feature was not 
evident ~20 min later, however, in a scan beginning at UT 
73280 s. 

We also established the pulsed fraction of the total Crab 
spectrum from our data, as a function of energy, by combining 
~2h of data taken between uT 54150s and 78380s on 21 
June 1974 (assuming a photon number spectrum of 22£7? ® 
photons cm~? s~! keV ~ for the total Crab flux’). Over such a 
long interval, the transient third peak washes out. Consequently, 
for this ~2-h interval, we report pulsed fractions only for the 
primary peak, the interpulse region, and the secondary peak 
(Table 2): The unpulsed portion of the light curve 1s comprised 
of the sutn of 28 bins: 1-24 plus 82-85. 

For the period of time during which the third peak was most 
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Table 2 Pulsed fractions in X-ray emission from Cgab (nebula and pulsar) (21 June 1974, 2 h data taken between ur 54150 s and 78380 s) 


Bins Designation 20-28 28--35 
25-45 Primary peak 4.5+0.8 5.6+0.9 
46-65 Interpulse region 3.4+0 7 2.7-+0.8 
66-81 Secondary peak 5.9-+0.7 7.0+0.8 

2 Total pulsed 13.8 4-1.7 15.2 -4-1.9 


% total flux over given energy range 
35-47 7-64 


4 64-80 80-115 115-146 

5.5+0.6 5640.5 6.8+0.6 5.940.8 6.741.7 

3.4406 4.1404 3.9406 4.9+0.8 4,641.6 

6.0+0.5 6.6-+0.4 69-+40.6 9 00.7 7.2+1.4 

14.8 -4-1.4 16.3410 17.6+1.4 19.9-+18 18.643.7 





equal to the mean observed rate and fluctuations dictated by 
Poisson statistics. The number of runs (divided by 10,000) which 
produced values of the maximum x? in excess of that obtained 
with the actual data is noted in Table 1 for each group size. 
These numbers are, therefore, the probabilities for a constant 
source producing the values of X*max- For a groyp size of eight 
bins, only two out of the 10,000 runs of simulated data produced 
as large a value of y? as did the data from Fig. 1b Consequently, 
we conclude that it would be very unlikely for the Crab pulsar, if 
truly constant over these bins, to produce the observed data. 
Note that.this probability level does not directly give the 
statistical significance of any peak present; a ‘valley’, for ex- 
ample, could as easily produce high values of x? in the simulated 
data. The significance of the feature in Fig. Id is considerably 
less, as 13 runs (out of 10") yielded larger values of y? (group 
size of nine bins). 

The width of the apparent peak (eight or nine bins) is con- 
sistent with a much narrower feature, broadened by our time 
resolution; of course, it is not necessarily any narrower than 
eight or nine bins. We were able to rule*out a single, brief burst 
(duration ~ a few ms) as the cause of the feature. We sub- 
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evident (Fig. 15), we calculated its contribution to the flux 
from the Crab by assigning only the sum of bins 1—4 plus 
13-24 plus 82-85 to the ‘unpulsed’ portion of the light curve. 
We find that it comprised a fraction 


J, = 0.020 40.005 


of the total Crab flux (35-115 keV). 

The possibility of time variability in the NP0532 X-ray light 
curve was first suggested by Boldt er al., based on a factor of 
1.5-2 difference between their sounding rocket measurements of 
the pulsed fraction in 1968 (2-10 keV) and those of Bradt et a/.? 
in 1969 (1.5-10 keV). Additional peaks in the NPOS32 light 
curve at approximately the same location as the third peak in 
Figs 1b and d have been reported™1? Large, infrequent varia- 
tions on time scales of a few tenths of a sefond have been 
reported? in the 2-6 keV X-ray flux from the immediate vicinity 
of the Crab, based on Uhuru data Helmken® has pointed out an 
apparent discontinuity in the light curve, obtained by sub- 
tracting the NP0532 optical light curve (normalised to the X-ray 
primary peak) from a composite X-ray light curve, at a point 


Nature Vol. 266 31 March 1977 å 


~10ms preceding the primary peak. He suggests a possible 
association with the third peak (Figs 1b and d) reported here. 

For an assumed fSotropic radiation pattern, the energy 
radiated in the third peak would be ~4x 1087 ergs (at an 
assumed source distance of ~2kpc) This is likely to be an 
overestimate, since the Earth probably lies near the plane of the 
pulsar rotational equator®. It ıs interesting to compare this 
number to the energy associated with pulsar spinups (and 
subsequent spindowns). For the September 1969 spinup, the 
fractional change in the pulsar rate has been given as | A@/® | 
~3-9x 10~ (refs 5, 8). Scargle and Pacint™ argued that the 
accompanying total energy release from the pulsar magneto- 
sphere was ~ 10*5 erg Tfe associated rotational energy gain of 
the rotator would have been ~ 10" ergs If a similar scaling 
relationship were to apply for the transient third peak reported 
heye, the resulting value for | Aw/@| would be ~ 107", Even if 
the pulsar spinup energy were comparable with the energy 
radiated as X rays, | A@/w| would still only be ~ 10744, far 
below the level of detectability. 

In summary, the third peak is transient in nature; its duty 
cycle segms to be low *(S 10°). Further observations. of this 
phenomenon will require extended measurements with detectors 
of even greater sensitivity than the ones we used. 

We thank the personnel of the National Center for Atmo- 
spheric Research Scientific Balloon Facility for the launch, 
fiight support, and for the recovery of the telescope The 
assistance of J. Bokor, J. Carbonell, D. Fabricant, L. Feldman, 
J. Halpern, G. Kriss, D. McDonough and J. Wacker of MIT 1s 
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Diffusion time scales a 
and accretion in the Sun 


SURFACE abundances in the Sun could have been essentially 
caused by accretion, either of comets or of grains!~*. It has 
been hypothesised that if surface convection zones could be 
smaller than is usually indicated by model calculations, then 


accretion could be especially important. Dust accretion by the’ 


Sun has alsq been suggested as the cause of ice ages on the 
earth‘, Either the zone immediately below the surface convection 
zone is stable enough for diffusion to be important, however, or 
other transport processes (turbulence, meridional circulation) 
more efficient than diffusion, will tend to homogenuse the star. 
Diffusion is the slowest of the transport processes and will 
become important when the other transport processes become 


433 


inoperative. Using diffusion theory, we can determine the 
minimum mass of the convection zone, if transport processes 
at the bottom of the convection zone are not to influence the 
abundances ın the convection zone. If diffusion time scales are 
shorter than the life of the*star, diffusion will modify the 
abundances in the convection zone. The mass in the convection 
zone for which diffusion time scales ære equal to the life of the 
star on the main sequence then determines the minimum mass 
in the convection zone to justify neglect of transport processes 
at the bottom of the convection zone. I determine here that, 
for the Sun, this mass is between 3x 10-3 and 107 *Mo, and 
give a general expression for the diffusion time scale as a 
function of the mass of the convection zone. 

Within the convection zone, the turbulent velocities are 
large enough to ensure homogeneous abundances®. The surface 
abundances are assumed to be the same as those in the convec- 
tion zone. If the convection zone is considered to be mixed and 
emptied through its bottom then letting Y be the mass fraction, 
in the convection zone, of the element of interest 


d 
a (Y AM.) = Ywp. (1) 


AM, is the mass of the convection zone in gcm~?, w; the 
diffusion velocity and p the density at the bottom of the convec- 
tion zone (w; negative towards the solar interior). Equation (1) 
integrates to give 

Y = Y, exp(—7/8) (2) 
with 

0 = — AM_/pw, (3) 


Values of 6 have been obtained! in seven models of main 
sequence stars of mass 1-2.6Mo. In the Sun, most heavy 
elements will diffuse downwards, unless the mass in the 
convection zone is <10-*M,. Gravitational settling dominates 
in solar type stars. Aller and Chapman’ made similar calculations 
for the Sun, but neglected radiation pressure and used an 
incorrect thermal diffusion term (see ref. 8 for discussion). 
For helium tn the Sun, one obtains, oon equations (37), (8), 
and (10) of ref.6 . 


0 = 3.6x 105 AM? §5 (yr) (4) 
or 
a 0 = 2.3 x 101 AM? 5 (yr) (4a) 


In equation (4), AM, is in g cm~® and in equation (4a), AM is 
the total mass in the convection zone in solar mass units. For 
helium in the Sun, equation (4) is exact to within a few per cent. 
For AM = 3x107*Mo, 8 ~ 10” yr, and 8 ~ 1.7x10!° for 
AM = 10~°Mo. The diffusion time scales for manganese 
are, in the Sun, nearly equal to tRose of He (see Table IV of 
ref. 6), but those of Hg are approximately 40% smaller. For 
transport processes to have negligible effects on surface 
abundances in solar type stars, the mass in the convection zone 
must be at least 3x 107° to 10-*Mo. In solar models with the 
mixing length equal to the pressure scale height, the mass in 
the convection zone is 2x 10-3Mo. 

Use of equation (4) to estimate diffusion time scales for 
helium in main-sequence stars lighter than 2M is accurate to 
within a factor of 1.5, but leads to a factor of three overestimate 
in 8 below the hydrogen convection zone of a 2.6Mo star. 

Diffusion time scales in the Sun are very uncertain. The 
uncertainty arises from our poor knowledge of. AM., that is 
from the hydrodynamics. Equation (4) is much better known 
than is AM.. If we use this uncertainty on AM, to increase the 
relative importance of the accreted mass, then if AM < 3x 
10-3Mo, transport processes at the bottom of the convection 
zone must be taken into account, and the convection zone will 
lose the accreted matter, through its bottom. The calculations 
of ref. 3 suggest that AM <, 5x 10“Mg for accretion to be 
important. For AM = 5x10*Mo5, diffusion reduces Z, 
in the convection zdhe, from 0.02 to 0.01 A more generous 
estimate of the accreted mass is given by ref. 2, and for an upper 
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limit of 5x 10 *Mo, diffusion would reduce Z by approximately 
a factor of 0.7. At the lower limit of ref. 3, (AM = 5x 10-5 Mo), 
Z in the convection zone would be reduced from 0.02 to 0.002 
or less. Transport processes at the bottom of the convection 
zone do not rule out completely the possibility that heavy ele- 
ments in the convection zone, and so at the surface, were 
accreted by the Sun, but make it much less likely. 
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Planetary tides during 
the Maunder Sunspot Minimum 


CONTROL of the 11-yr and longer cy@les of solar activity tides 
raised on the Sun resulting from the gravitational pulls of the 
planets has often been suggested. Rudolf Wolf and R. C. 
Carrington were among the early astronomers who pointed out 
this possibility in the middle nineteenth century’. The close 
coincidence of the sidereal period of gravitationally important 
Jupiter (11.87 yr) with the mean period of the observed annual 
sunspot means (11.3 yr) raises the possibility of such a relation- 
ship; the range of possible configurations of the other planets 
allows a wide realm of pther tidal periods and effects. In daily 
sunspot numbers, a small but consistent periodicity at the 
sidereal period of the planet Mercury has been found?, and a 
possible 178.7-yr period in sunspots (about twice the Gleissberg 
cycle) has been linked with multi-planet tidal? influences*. 
Wood and Wood‘ have applied a dynamical theory which 
includes all planets but Mars to reinforce their belief in a more 
than chance relationship. We reconstruct here Sun-centred 
planetary conjunctions and tidal potentials for the ap 1645-1715 
period of sunspot absence (the Maunder Minimum). These are 
found to be effectively indistinguishable from patterns of 
conjunctions and power spectra of tidal potential in the modern 
era of a well-established 11-yr sunspot cycle. This places a new 
and difficult constraint on any tidal theory of sunspot formation. 
' The relative tide-raising forces of the planets are as follows: 
Mercury 0.91, Venus 2.15, Earth 1.0, Mars 0.03, Jupiter 2.26 
and Saturn 0.11, with the three outer planets negligibly small. 
Problenss arise in any direct gravitational theory because of the 
apparently insufficient forces and tidal heights thatare involved: 
the tide-raising force of Jupiter on the solar photosphere is, for 
example, about 101? times smaller than the force of solar 
gravity there, making planetary tules a miniscule force’, even 
in the case of a rare, nine-planet conjunction. Thus proponents 
of the tidal hypothesis usually revert to trigger mechanisms, 
which is difficult to criticise or, apparently, to test by 
observation. 
Any tidal theory rests on the evidence of continued 
sunspot periodicity, and the substantiation of.a prolonged 
period of solar anomaly in the historical past®* offers a possible 
experimentum crucis The Maunder Minimum was the most 
drastic change in the behaviour of solar activity in the last 
300 yr, in that sunspots almost disappeared for a 70-yr period 
(1645-1715), and the I]-yr cycle was probably absent. During 
that time, however, the nine planets were all in their orbits, 
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and planetary conjunctions and tidal potentials were in- 
distinguishable from those of the modern era, in which the 
ll-yr cycle is well-established. This provides good evidence 
against the tidal theory 

We have pressed the case further by reconstructing the pattern 
of planetary tidal forces during the Maunder Minimum to 
investigate the possibility that the multiple-planet forces 
somehow fortuitously cancelled at the time, that is, that the 
positions of the slower moving planets in the late seventeenth 
and early eighteenth centuries were such that conjunctions and 
tidal potentials were at the time reduced in number and force. 

Historical planetary positions were determined using a 
computer code supplied by R. S. Harrington of the U.S. Naval 
Observatory and the mean elements of’ planetary orbits 
determined by Seidelmann et a/.?. Only Mercury, Venus, Earth 
and Jupiter were considered in final analysis because the tidal 
forces generated by combinations with other planets are at 
least an order of magnitude less than these. A conjunction was 
defined as a Sun-centred alignment of planets within 0.15 rad, 
to assure that Mercury would remain in such an Mii 
for > id.. 

Daily positions were calculated from J.E.D. 2296445 to 
2451065 (about AD 1575-2000) and all two-, three-, and 
four-planet conjunctions noted. The results are shown in Fig. 1, 
with the history of the annual mean sunspot number. Binary 
conjunctions are omitted in the presentation. Higher order 
conjunctions exhibit subtle and beautiful symmetries and beat 
patterns, but there is no striking dissimilarity between the time 
of the Maunder Minimum and any other period shown. 
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Fig. 1 a, Multiple planetary conjunctions (alignment within 
0.15 rad) ap 1575-2000. b, Mean sunspot number® 
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The failure of planetary conjunction patterns to reflect the 
drastic drop in sunspots during the Maunder Minimum casts 
doubt on the tidal theory of solar activity. Yet this test 1s only a 
qualitative judgement of a pattern and not demonstrably 
conclusive. A more quantitative test comes from an examination 
of the tidal potentials, which are proportional to 


P(x) = `k (cove - 5) l 0) 


where M, is the mass of planet 1, R, is its distance from the 
centre of the Sun, and ọ, the angle, seen from the centre of the 
Sun, between the planet and the point x. 
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Fig. 2 Fifty-year power spectra of the tidal potential əf planets 
on the rotating equator of the Sun (equation (1)), 
AD 1925-1975; ..... which appears only where different from 
heavy line, AD 1650-1700. No differences appear in the major 
tidal peaks or in any other significant feature of the spectrum for 
these or any other epochs we examined. Major peaks correspond 
to fundamental and harmonic periods of the mayor tide-producing 
planets, identified by letter: J, Jupiter, E, Earth; V, Venus; M, 
Mercury. 
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We calculated a daily value of the tidal potential defined above 
at a point fixed on the rotating equator of the Sun, for 
Ab 1450-2000. The period was then divided into sample 
intervals of about 50 yr, overlapped at 25-yr intervals, and the 
power spectrum of tidal potential calculated for each 50-yr 
sample using a fast Fourier transform. An example of the 
power spectrum of tidal potential is shown in Fig. 2. Principal 
peaks in the spectrum correspond to orbital periods of each 
planet and the harmonics thereof. (L. Auer has pointed out 
that each harmonic corresponds to the frequency of an epicycle 
In a Copernican decomposition of the orbit.) The usual means 
of dealing with the functional periodicity implied by Fourier 
techniques, such as tapering the end points to {he mean, were 
inadequate in this case, since the longest periods of interest are 
a large fraction of the 50-yr sampling interval. This problem 
was avoided by adjusting the length of the sampling interval so 
that the potential function and its derivative were equal at the 
end points, hence the implied periodic function was continuous. 

To compare the power spectra of tidal potential in different 
intervals we selected as a standard interval the modern period 
AD 1925-1975 (Fig. 2) and computed the ratio of the spectrum 
of this standard interval to all others from ap 1450 to 2000. 
We found that the power in each of the major peaks of tidal 
potential (notably the dominant first three harmonics of Jupiter) 
have not changed perceptibly ın the last. 500 yr. Also, there was 
no appreciable change in the power at any frequency during the 
years of the Maunder Minimum. In Fig. 2 we compare power 
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spectra for the 1925-1975 period with that of the Maunder 
Minimum and find them effectively indistinguishable. 

A few exploratory calculations showed possibly significant 
changes in the spectrum of tidal potentials over much longer 
periods (several millennia) whith seem associated with known, 
secular changes in the orbital elements of the planets. For 
example, the eccentricity of Jupiter’s*orbit changes by about 
0.1% per century’. There is no evidence, however, that these 
secular changes are associated with possible secular changes in 
solar activity. 

Okal and Anderson® in examining the same problem 
computed a single power spectrum of the planetary tidal 
potential (or rather, its maximum value in longitude) for 10-d 
intervals from roughly ap 1800 to 3600. This sample, much 
longer than ours, defined the frequency of power peaks rather 
precisely. They found only one peak near that of the sunspot 
cycle, at the orbital period of Jupiter, 11.86 yr. They compared 
this with a power spectrum estimate on Wolf sunspot numbers® 
which showed peaks at 11.0 and 9.8 yr in this region, and 
reasoned that the discrepancy between 11.86 11.0 yr 
sufficed to rule out tides as a driving force for the solar cycle. 

Peaks ig the maximum entropy spectra derived by Cohen and 
Lintz® vary with the details of the input function: drastically in 
amplitude, and less in frequency. Their published examples 
suggest that the method of computation and data selected can 
shift the location of peaks near 11.0 yr period by at least 
+0.1 yr, and amplitudes by a factor 3. This is consistent with 
the difficulties with spectral decomposition by the maximum 
entropy method?*4_ Moreover, the period chosen by Cohen 
and Lintz includes all sunspot numbers from 1750 onward. 
Waldmeier!* casts doubt on the quality of the early sunspot 
data as does Eddy’, who points out that controlled observation 
of sunspots did not commence until about’1852. Thus, since the 
power peaks derived by Cohen and Lintz were based in part on 
questionable data, the significance of an apparent discrepancy 
between these sunspot power peaks and those of averaged tidal 
periods seems less than conclusive, and in need of the support 
presented here. 

We thank Drs Robert S. Harrington, Raynor Duncombe and 
Robert Lackman for assistance, and Drs Larry Auer and 
Oran R. White for helpful discussions. The work of J.A.E. was 
supported wholly by NASA. 
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Order and disorder ° 
in weakly ionised plasmas . 


We report the observation of novel radial structures for dis- 
charges in pure helium and argon gases in a magnetic field. The 
structure depends on the angle between the discharge tube axis 
and the magnetic field direction, a dependence which supports 
the idea, previously proposed, that gaseous plasma energised 
in specific conditions can have regions in which me electrons 
have an ordered spatial distribution. 

The weakly ionised} high-frequency, seswonties discharges 
were energised at powers between 500 W and 1 kW coupled to 


436 


the discharge from an amplifier via a 143-cm long quarter- 
wavelength twin transmission line; this was connected to two 
copper bands, 14 cm apart, placed closdly around the outside of 
the discharge tube. The discharge was maintained continuously 
between the bands andn a posion centrally between a pair of 
Helmholtz coils in a horizontal, uniform magnetic field. 

Optical flats sealed to each end of the hard glass tubes made 
it possible to view the discharges axially. The tubes were 70 cm 
long, and of internal radius 1.84 cm. A pattern of luminous and 
non-luminous plasma regions was ob§Served, arranged in 
coaxial symmetry, the complexity of the pattern depending on 
the magnitude of B. At B = 0 (Fig. 1a) shows the simplest 
pattern for helium gas at 0.25 torr pressure. At B = 1,000 G, 
(Fig. 1b) besides the outer dark shell, a central non-luminous 
plasma was observed, the outer luminous region now being 
enclosed between the two dark regions. At B = 1750 G the 
inner dark region was larger in diameter, and a further plasma 
region, this time luminous and blue in colour was seen on the 
tube axis, inside and much shorter in length than the inner dark 
region (Fig. 1c). 
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d 


Outer lumjnous region 
Colour pink 


Inner luminous region 


Colour blue 
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s 
Fig. 1 Plasma regions: a, B = 0; b, B = 1,000 G;c, B = 1,750 
G; d, spectral analysis of helium light and key to figures. 
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Figure Id gives an analysis of the spectral emission from the 
outer vistble region. The calculated electron temperature for 
this region is 85,000 K, and the measured average electron 
density for all regions was 7 x 16% cm~. 

Experiments in which the helium®* discharge tube was 
suspended from a spectrometer base and rotated in the hori- 
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zontal plane showed that at given field strength, the diameters. 
of the central regions were critically dependent on 9, the angle 
between the tube longitudinal axis and éhe direction of B; this 
is shown in Fig. 2a, in which the diameters are plotted against 
9 for B constant in magnitude (B = 1,750 G). Figure 24 
shows how the diameters of both inner and outer regions vary 
with the field strength, keeping 6 = 0. Given the resulte of 
Fig. 2a, ıt follows that there 1s a critical value for 0, 8e, for which 
the central regions disappear or reappear as @ 1s increased or 
decreased, respectively, at fixed B. Figure 3 is a plot of @, 
against B. 

In argon gas, for the range of field strengths of the experiment, 
the central regions differ from those for helium. In argon at 
0.37 torr pressure, for example, no luminous central region is 
observed, and the dark central region is just beginning to 
appear at B = 1,650 G. . 

The central plasma structure (Fig. 1 b and c) and its depen- 
dence on 0, (Fig. 2a), are significant evidence for the presence 
of order in the non-luminous regions. These regions are believed 
to be occupied by oscillating electrons which have very little 
energy and are therefore not capable ef exciting gas atoms, so 
that the regions are non-luminous. The basic theofy of the 
interaction between low energy electrons and large numbers of 
gas atoms and molecules in which they are immersed, was given 
by Fermi’. According to his analysis, in which the electrons 
are treated as electron waves, stationary states form under 
certain conditions. For the present purpose we assume that the 
oscillators are formed from pairs of electrons, or aggregates of 
pairs of electrons, and the requisite conditions for stationary 
states relate the electron number density, n, the neutral atom 
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Fig. 2 a, The diameters of the central regiogs against 8 
‘(B = 1,750 G) y, Non-luminous region. ©, Luminous region. 
b, The diameter of the plasma regions against B (0 = 0). 
— — —-, Tube interna! glass wall diameter, O, diameter of the 
outer region junction (0.25 torr helium); x, diameter of the outer - 
region junction (0 67 torr argon), A, diameter of the inner non- 
luminous region (0.25 torr helium); O, diameter of the inner 
lumimous region (0.25 torr helium). 
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Fig. 3 The critical angle, 8, against B (central regions). X, Non- 
lummous region (@ increasing); ©, non-luminous region 
(0 decreasing); @, luminous regon (8 increasing); A, luminous 
region (6 decreasing). 
td 


number density, N, and atomic constants*. When B = 0 at low 
pressures the conditions occur near the tube walls, where n is 
smaljer than on the tube axis; when B is raised to > 1000 G, 
however, the magnetic energy of the oscillators becomes 
significant and the conditions for stationary states are changed. 
In helium, the conditions are found not only near the tube 
walls but also at higher electron densities on the tube axis 
where the energies of oscillations are higher. A non-luminous 
region then appears on the tube axis. In argon, on the other 
band, the potential energy of the interaction of the oscillating 
electrons and the gas atoms ts negative rather than positive as 
in helium?!, a difference between the gases' which results in the 
differences in the variation of the outer dark shell radius with 
B (Fig. 25), and in the central structure. These are the lines on 
which an interpretation of the phenomena ıs believed to be 
possible. 

Both the relatively sharp boundaries between the luminous 
and non-luminous regions, and the dependence of the central 
structure on 8 are considered to show that the oscillators form 
a close-packed matrix, capable of refiecting fast-moving free 
electrons from the luminous regions, and of having anisotropic 
properties typical usually of crystalline substances. 

The idea that ordered plasmas are sometimes formed in 
weakly ionised gases was prompted, not by the present visual 
studies, but from a prolonged study? of the properties of rare 
gas afterglow plasmas. From these studies we inferred a 


division of the afterglow plasma into two regions for B = 0;, 


at the start of electron density decay, we deduced that the 
junction of the two regions should be near the point on the 
tube radius where n has fallen to one half of its value on the 
axis. Assuming a simple Bessel function variation of n with 
radial position, this prediction from the afterglow work is that 
the junction between the two outer regions should occur near a 
diameter of 229, cm (in good agreement with Fig. 2b for 
0 = 0). 
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Other measurements can be interpreted successfully using the 
model; for example, the measurement of forces of weak elastic 
constraint acting on plasma electrons‘, the very fast plasma 
decay rates observed at B = 0, the apisotropic properties of 
afterglows in a magnetic field’ and the resonances attributable 
to electron spin-flip in a magnetic field, can all be interpreted in 
terms of the ordered electron model. The anisotropic properties 
of afterglow plasmas are good evidence of correlation between 
the afterglow phenomena and the currently studied continuously 
excited plasmas. An examination of the value for @ required 
for the transition from slow to fast afterglow decay rates in 
helium at 0.25 torr pressure as a function of B reveals that 
when 8 is just large enough for the fast decay rate to occur, 
the central dark plasma region in the excited plasma preceding 
the afterglow is just disappearing (Figs 2a and 3). 

It 1s interesting to consider an extension of the idea of 
spatially ordered electron oscillators to some naturally occurring 
plasmas. Such an extension needs a change of emphasis in the 
theory, away from electrons as particles translating with 
random motion in the space between the other plasnga particles, 
to electrons as waves occupying and propagating through the 
space containing the ionic, atomic and molecular fields. 

We thank Dr M. Outred for advice on spectral analysis of 
helium light and its implications to the model. 
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Metal accumulation rates 
in sediments from Mid-Indian Ocean 
Ridge and Marie Celeste Fracture Zone 


THE existence of metalliferous sediments on mid-ocean ridges is 
well documented! and the general ‘conclusion is that they form 
by precipitation from submarine hydrothermal solutions. 
Pacific and Atlantic Ocean sediments have been studied tn 
detail2-*, We describe here material from the Indian Ocean 
Ridge, collected during cruise 8/75 of RRS Shackleton, and 
compare metal accumulation rate data for ridge-crest and -flank 
sediments with those from other regions. The metalliferous 
sediments ase present on the Mid-Indian Ocean Ridge, particu- 
larly near the Triple Junction’’, and Bostrom and Fisher’ 
suggest that ‘‘there is a complete belt of iron-rich sediment along 
the entire length of the Indian Ocean~Pacific Ocean active-ridge 
system”. We have found ferromanganese encrustations on 
basalts from the median-valley wall and have reeognised what 
are probably sulphides.in decorated vesicles of basalts. The 
metal accumulation rate data argue against a hydrothermal 
source of metals in the ridge sediments, however, and suggest 
that metalliferous sediment accumulations in the Indian Ocean 
may be more local phenomena than previously realised. 
Sample locations and bathymetry of the study area are shown 
in Fig. 1. The Marie Celeste, Fracture Zone is sharply defined 
by topography, seismicity and magnetics’ and is one of the 
larger fracture zones offsetting the Mid-Indian Ocean Ridge. 
The half-spreading rate of the ridge is ~ 1.8 cm yr™ and the 
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ridge offset is 220 km (ref. 9). The maximum depth of the 
fracture zone is reported as 5836 m (ref. 10). The region shown 
in Fig. 1 seems to be a likely location for hydrothermal solutions 
and associated metal-rich sediments®. 

The sediment type ranges from siliceous lutite of low to 
moderate carbonate content, to calcareous lutite (~ 90% 
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Fig. 1 Core location map showing 

bathymetry ın region of Marie Celeste 

Fracture Zone. ©, Cores; W, 
manganese crust. 


of a section of core 12 at 18-20 cm which gave an age of 
approximately 20,000 yr. The rate of ~ 1cm107-* yr was 
confirmed by *oxygen isotope stratigraphy (N. Shackleton, 
personal communication, 1976) and is in agreement with other 
estimates and measurements for this region 11518 and with 
world averages for carbonate sedimentation’’. Metal accumula- 


Table 1 T ypical analyses of ridge-crest and flank sediments and sediment from the Marte Celeste Fracture Zone 


yA GC2 (0-2 cm) GC4 (0-2 cm) 

SiO, 1.75 1.58 
TiO, 0.024 0.029 
Al,O; 0.41 0.40 
Fe,O; 0.58 0.72 
MnO, 3 0.093 0.119 
MgO 041 ° 0.37 
CaO 50.9 50.6 
K,O 0.080 0.089 
P.O, 0.10 0.22 
Na,O 1.36 7 0.90 
L.O.I. 42.93 42.59 
Total 98.61 97.57 


GC7 (8-9 cm) GC10 (0-5 cm)* GC12 (0-2 cm) 
161 18.0 3.18 
0.022 0.32 0.640 
0.47 4.6 0.60 
0.62 5.92 1.31 
0.094 0.71 0.178 
0.68 2.71 0.52 

49.7 31.3 48.2 à 
0.093 0.53 0.113 
0.13 ant 0.22 
1.71 3.62 1.40 

42.48 30.78 41.27 

97.62 98.49 . 97.06 





*From the fracture-zone floor. SO, CI not determined. 


CaCO,) in relation to the depth of deposition. Physical para- 
meters (texture, colour, etc.) are very similar between and within 
the carbonate cores, suggesting that the three cores studies in 
detail are representative of the remainder. One core collected 
from the fracture-zone floor consists of siliceous lutite overlain 
by 110 cm of red clay. Chemical and microscopic comparisons 
with the carbonate sediments suggests that the fracture-zone 
core represents a condensed sequence deposited below the 
carbonate lysocline. . 

There is no significant change in major-element chemistry 
with depth, except as a consequence of a 3—5-cm glass horizon 
which occurs between 37 and 62¢€m in individual cores, and 
the compositions listed in Table 1 are typical of these sediments. 
The volcani glass ıs acidic (refractive index ~ 1.50) and fine 
grained, and probably derives from’ Indonesia (G. Walker, 
personal communication, 1976). Also present are basalt frag- 
ments containing decorated vesicles of a type already re- 
ported" 15, Figure 2 shows a scanning-electron micrograph of 
a vesicle revealed by the fracture of a basalt fragment during 
sample preparation. Such decorations have been interpreted as 
sulphides!!~13 and their occurrence in the sediment is supported 
by evidence of sulphide mineralisation jn Indian Ocean ridge 
basalts1‘. 

Mean sedimentation rate was obtained by radiocarbon dating 


tion rates (Table 2) were calculated by age correlation using 
the acidic glass horizon. Comparison with accumulation rates 
in normal pelagic sediments and in hydrothermal sediments 
from the East Pacific Rise shows that metals are accumulating 
at these locations on the Mid-Indian Ridge at rates commen- 


Fig. 2 Decorated vesicles in a basalt fragment from a carbonate 
core. The wall decorations are probably sulphides. 
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Table 2 Element accumulation rates (mg cm~* 107° yr`}) in Indian Ocean, normal pelagic, and East Pacific Rise sediments 
$< a G 


° Indian Ocean 
Marie Celeste 
Fracture Zone Ref. 23 
Tı 0.08—0.2 0.2-0.9 
Al 1.5 -2.6 4-18 
Si 4.2 -9.6 —— 
Fe 2.4 -5.2 3-9 
Mn 0.4 -0.7 0.3-1.0 


surate with the lower rates of pelagic sedimentation. Hence, no 
unusual processes are re8ponsible for metal deposition in these 
sediments. The deposition rate for manganese (0.4-0.7 mg cm~? 
10° yr) is similar to that in nodules (0.2-1.0 mg cm7? 10-3 
yr.) (ref. 18). A slow, uniform precipitation of Mn over the 
sea floor has been inferred from the similar rates of Mn accumu- 
lation ın nodules and sedtments from all oceans!® and suggests 
that the metals accumulating on the Mid-Indian Ridge are 
authigenic in origin. The ratio Al/Al-+-Fe+Mn for these sedi- 
ments (Q.24-0.35) is, however, within the range used to. classify 
Mid-Indian Ridge sediments as metal rich and of volcanogenic 
origint™!, The sediments we examined are not of volcanogenic 
origin although they conform to this classification. It is clear 
that metal~aluminium ratios do not necessarily indicate 
regions of metalliferous sediment deposition and must be used 
with caution in this respect. e 

Despite the extensive nature of hydrothermal deposits on the 
East Pacific Rise many metal-rich deposits are of a very localised 
nature?56.19-31. Our results do not disprove the existence of 
metal-rich exhalations and deposits within the area studied, 
but suggest that such deposits on the Mid-Indian Ridge are 
probably local and certainly less widespread than sometimes 
supposed. We made many attempts to sample sediment from 
within and on the flanks of the median valley in the hope of 
detecting hydrothermal material. No sediment wag recovered, 
however, but, instead, the corer sampled a fragmented ~ 15 mm 
thick ferromanganese encrustration on basalt. 

The encrustation contains 20.0% Fe, 12.5% Mn, 0.11% Cu, 
0.081 % Co, 0.14% Ni and 0.060% Zn. For manganese to be 
accumulating at a rate > 1 mgcm~?10-* yr the oceanic 
crust at this point must be < 120,000 yr old. As the encrusta- 
tion was recovered from the median valley wall this is possible 
and it is just conceivable that this material may contain a 
component of local Aydrothermal origin. Its overall composi- 
tion, however, is unlike that of hydrothermal manganese crusts 
from the Mid-Atlantic Ridge median valley*, The Galapagos 
Spreading axis? or the Romanche Trench, and is very similar 
to S.W. Indian Ocean nodules*?, In the absence of other 
evidence, therefore, it must be regarded as a hydrogeneous 
deposit. 

We thank A. Gray, D. Ninkovich, N Shackleton and 
G. Walker for their help, and the crew of RRS Shackleton for 
assistance with sampling operations. The research was sup- 
ported by grant GR3/2180 from the NERC. 
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Estimation of gas-releasing 
efficiency of erupting magma 
from Ra- Rn disequilibrium 


VOLATILE components of volcanic magma have an impor- 
tant role in its explosive eruption’. The volatiles may be 
partially released from the erupting magma into the air, 
during eruptive events, and the ratio of the released to the ° 
original amount may be a possible determinant of the mode 
of explosive eruption. Direct measurements of these quanti- 
ties, however, are extremely difficult; fresh ejecta are rarely 
obtained. The Sakurajima Volcano, Kyushu, Japan, erupted 
explosively on 30 October 1975, and discharged pumices 
and ash-like matesials, some of whi¢h were later accessible. 
We report here a change in the measured radioactivity of 
pumice, possibly due to radon release. 

Both types of ejecta were collected immediately after the 
eruption by the staff of the Sakurajima Volcano Observa- 
tory, Kyoto University. Within 48h these samples were 
subjected to non-destructive y-ray spectrometry, using a 
Ge(Li) semiconductor detector, at the Radioisotope Centre, 
University of Tokyo, to determine their contents of natural 
short-lived radionuclides (Table 1). 

Gamma-ray spectrometric data so far obtained for some 
of the products from major eruptive episodes of the 
Sakurajima show no significant change in the U- to Th- 
series ratio of magma for the last few hundreds of years 
(Sato and Sato, ın preparation). These data are included in 
Table 1 for compamson. Compared with the ‘ash’ sample 
and historical lavas, the 1975 pumice sample showed a 
marked deficiency in 7*Bi. A measurement performed on 
the same sample 1 month later showed that the specific 
activity of *“Bi increased to a value similar to those for 
other materials listed in Table 1; the ascendant short-lived 
nuclides in the U-series which had been depleted through the 
eruptive event could have increased during the period. This 
observation agrees with the differing origins of the two 
types of ejecta: the pumice represents fragments of the 
erupting magma whereas the ash-like material could be 
composed of fragments of rocks pre-existing around the 
crater. 

The significant degree of vesiculation of the pumices 
shows that a substantial amount of gases was discharged. 
The gaseous radioelement, ‘radon, may’ have been expelled 
at this stage of eruption. One of radon’s isotopes, “’Rn 
(half life: 3.8d), requires about 1 month to increase to an 








440 ° Nature Vol. 266 31 March 1977 
Table 1 Th- and U-series radioactivity in some products of Sakurajima Volcano (10-78 Cig™) * 

Th-series U-series °  U-sertes 

Sample (from *88Ac and **T]) ` (from 2Bi) Th-series 
Pumice, 30 October [975; andésite* 6.7+0.8 1.8440.61 0.28 +0.09 
‘Ash’, 30 October 1975; andesite* 5.7 +0.2 3.8+0.2 0.67 40.04 
Lava, 1914; andesite ` 5.74+0.2 4.440,3 0.77 +0.06 
Lava, 1776; andesite 8.5-+0.7 . 5.6+0.5 0.66 +-0.08 
Pumice, Moeshima; dacite 5.7 +40.2 3.8 +0.2 0.67 +-0.04 





*Measurements were made within a few days of their fall. 


amount in equilibrium with the parent, “Ra, and is ex- 
pected to show its transient deficiency for several days after 
the event. This could explain the lowering of the U- to 
Th-sertes ratio observed for the pumice (Tabk 1). The 
ratio is, therefore, regarded as being indicative of the 
““Ra—’ Rp disequilibrium. 

In subsequent eruptive activities (a detailed account will 
be published later), the volcano ejected, on 13 May 1976, a 
considerable amount of pumice. Figure 1 shows U- to 
Th-series radioactivity ratios for this material, and shows 
that the U- to Th-series ratio of the 1976 pumice was again 
significantly lowered for several days after thè eruption, 
then increased to a value close to those of earlier lavas 
(Table 1). 
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Fig. 1 Growth of U- to Th-series radioactivity ratio observed 

for the 1976 pumice from Sakurajima. Growth curves are based 

on the assumption that a 7*Ra~*™Rn equilibrium was estab- 

lished in the magma before the eruption. The values are plotted 
against the mid-points of counting times. 


The disequilibrium observed above may also be due to 
radon lease at the moment of eruption. If a **Ra—’’Rn 
equilibrium is assumed to have been established in the 
magma before the eruption, the growth of Rn in the 
pumice should indicate its re-establishment. The data are 
expected to fit a growth curve derived from two parameters: 
(1) the observed U- to Th-series activity ratio of pumice 
at the equilibrium and (2) the percentage of unreleased 
radon in the erupting magma. In Fig. 1 are shown the 
growth curves for postulated values of (2), and, on this 
basis, the data correspond to a 50-60% release of radon. 

The behaviour of radon in an erupting magma may be 
different from that of major volatiles. It would be possible, 
however, to characterise explosive eruptions by extending 
the method presented here „to other fresh pyroclastic 
materials, 

We thank K. Kamo, Disaster Prevention Research 
Institute, Kyoto University for the samples, and M. Takeda, 
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Effects of inbreeding on cognitive performance 


THE few studies? in which the effects of inbreeding on 
cognitive performance have been examined revealed that 
offspring of first-cousin marriages had lower IQ scores than 
offspring of unrelated parents. These studies were, however, 
performed in societies where the population engaging in 
such marriages is a small (1%, 6%)*” and unrepresentative 
proportion of the total ‘population. Possible confounding 
of the effects of inbreeding with the effects of other intelli- 
gence-related variables such as socioeconomic status may 
lead the effects of inbreeding to be overestimated? Un- 
fortunately statistical control may either over- or upder- 
correct for the correlates of the independent variables, leav- 
ing one in doubt about the true effect of inbreeding. I 
have now examined the effects of inbreeding on cognitive 
performance in an Arab population with a high rate of 
consanguinous marriage which minimised the distortions 
due to non-genetic variables. I show here that offspring of 
unrelated parents performed better than offspring of first 
cousin marriages in intelligence and achievement tests ad- 
ministered at grades 4 and 6 The lowest level of perfor- 
mance and a higher variance were found for offspring of 
double-cousin marriages The inbreeding depression found 
in this study is consistent and cannot be explained by the 
effects of socioeconomic status. I drew a nationally repre- 
sentative sample of 3,203 children in grades four and six 
(approximate ages 10 and 12 yr) of the Arab educational 
system in Israel This sample constitutes about 10% of the 
total populatiqn in these grades and includes only normal 
(not retarded) children. Column | in Table 1 shows the 
division of the subjects according to grade level and con- 
sanguinity of the parents. A first-cousin marriage is between 
children of siblings. Children of first cousins have, on 
average, 1/16 pairs of genes by common descent. Double 
first cousins are children of siblings married to unrelated 
siblings. When they marry, their children have, on the 
average, 2/16 pairs of genes by common descent. 

A study of Arab education in Israel revealed that the 
frequency of consanguinous marriages in the Arab popu- 
lation is about 34%. The Arab community encourages such 
marriages and therefore the group that intermarries should 
be a representative sample of the population Double first- 
cousin marriages are hardly known in Western Society but 
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exist to a significant degree (about 4%) in my sample 
population. Thejr popularity i ig no doubt partly explained by 
economic considerati6ns concerning the custom of ‘bride 
price’ When a brother and sister of one family marry a 
brother and sister of another, there is no need for the groom 
to pay the bridal price. 

It 1s reasonable to assume that other consanguineous 
marriages—between, for example, second and thirdecousins 
—exist ın our sample. However, only three alternatives 
were given to the question on blood relationships (unrelated, 
cousins and double cousins) and, consequently other con- 
sanguineous marriages were probably classified by the 
respondents as one of the two latter categories, especially 
first cousin marriages. This would tend to make the real 
inbreeding coefficients somewhat lower than the above co- 
efficients (1/8, 1/16). We can also assume that, since 
prolonged inbreeding increases the coefficient of inbreeding’, 
the inbreeding coefficient of the control group is not zero. 
But prolonged inbreeding has also occurred for the inbred 
groups, so it is safe to gssume that there exists an increasing 
order of the degree of inbreeding, from the cantrol- group 
(of outbred children) to the first cousins’ offspring and to 
the double cousins’ offspring. 





Table 1 Consanguinity and socioeconomic status of subjects 
Number of Father’s education 


subjects (mean yr) Mean SESİ 
Grade 4 
Furst cousins 503 5.6 9.7 
Double first cousins 71 5.1 9.1 
Others (unrelated)* 1,054 5.2 9.4: 
Total sample 1,628 5.3 9.5 
Grade 6 : 
First cousins 467 5.4 9.5 
Double first cousins 54 5.0 9.1 
Others (unrelated)* 1,054 5.0 9.4 
Total sample 1,575 5.1 9.4 


*In a population with a high rate of consanguinous marriages the 
so-called ‘unrelated’ group probably does not have a zero inbreeding 
coefficient (see text). 

tSocioeconomie status. 


Socio-economic status (SES) of the groups was defined as 
an index of the following four components. (1) father’s plus 
mother’s level of education; (2) father’s profession; (3) room 
density, and (4) physical home conditions. Each of the four 
components was divided into four graded categories. SES 
was defined as the sum of*these four components, thus 
ranging from four to sixteen, with each of the four com- 
ponents being of equal weight. Table 1 shows that unrelated 
parents have somewhat lower SES than the first cousins. 
The double first cousins have lower SES than the unrelated 
group but the difference is less than 0.1s.d. As the very 
small differences ın SES favour the first cousins as com- 
pared with the other two groups, any reduction in perform- 
ance found in the inbred groups cannot be explained ‘by 
differences in SES. 

Three mental ability tests and four achievement tests 
were used. As the genetic component is assumed to be 
larger in informal learning (ability tests) than in specific 
knowledge formally taught in the classroom (achievement 
tests) I expected inbreeding to have a smaller effect on per- 
formance in achievement tests than in ability tests. The 
mental ability tests included (1)a, a verbal general know- 
ledge and comprehension test and b, a verbal test to find 
the ‘odd one out’. Both tests were equally weighted to 
construct a single verbal IQ score (Alpha reliability co- 
efficient 1s 0.93, correlations averaging 0.70 with achieve- 
ment tests and teacher’s evaluation ) (2) A shortened version 
of Raven’s Progressive Matrices’ was used to measure non- 
verbal ability (3) A substitution test that, unlike the other 
two, was given under a strict time limit and was used to 
measure associative learning. The four achievement tests 
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Substitution 


Raven 


Verbali IQ 





Verbal IQ Raven Substitution 


Fig. 1 Mean IQ scores on the three mental ability tests to parental , 
consaguimity, for grades 4 and 6. Not related, ~——-—cou- 
sins,.... double cousins. 





were constructed in accordance with the specific school cur- 
ricula of each grade (Arabic, Hebrew, mathematics and 
science). The alpha reliability coefficients range from 0.80 
to 0.91 and the correlations between the four tests average 
about 0.70. All tests were administered to groups of children 
and given simultaneously in all the sample classes. 

Table 2 presents the mean scores and standard deviations 
for the mental ability and achievement tests, according to 
grade and parental consanguinity. Figure 1 shows the IQ 
scores on the three mental ability tests: for the different 
consanguinity groups, separately for each grade. Figure 2 
shows the ¢ scores of achievement tests (with a mean of 
50 and sd. of 10 for each test), 

All the results follow the expected pattern and the ‘order 
of performance fevel of the three groups is consistent. Out- 
bred childrea achieved the highest level of performance and 
offspring of double cousin marriages achieved the lowest. 
Thus, an inbreeding depression 1s suggested in both grades 
and in all the tests. s 

The results in Table 2 show a tendency towards higher 
variance in the double cousin group. This is the case in 13 
out of the 16 possible comparisons; the result ds statistically 
significant in five of the comparisons, all of which are in 
grade 6 (general knowledge, finding the odd one out, Arabic, 
Hebrew and science). 

The inbreeding depression shown in Table 2 and Figs 1 
and 2 is too modest to warrant changes in educational policy, 
but the consistency of the effect for the different tests in 
both grades strengthens the argument that its cause is indeed 
genetic.’ Surprisingly, there was no difference between per- 
formance in achievement and ability tests: inbreeding 


@. 
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Table 2 Mean scores and standard deviations of mental ability and achievement tests according to parental consanguinity and grade level 
rn NN a Nf Nh — Nh ——— O OO A puny 


z Mental ability tests aå Achievement tests 
Verbal ability 
Grade Parental » e General Finding Raven’s Substitution Arabic Hebrew Mathematics Science 
consanguinity knowledge odd-one-out Matrices (144)*° (58/57)T (51/5D)} (39/40)t (29/30)t 
(51)* (25)* (28)* 

° Mean s.d. Mean s.d. Mean s.d. Mean s.d. Mean s.d. Mean s.d. Mean s.d. Mean s.d. 
4 ‘Unrelated’ 32.2 8.3 12.8 56 8.8 5.1 53.5 244 37.1 11.9 21.8 7.8 21.2 7 14.7 5.) 
First cousins 31.5 8.9 123 58 8. 5.1 52.7 28.2 363 120 213 7.9 20.8 84 13.5 53 
Double first cousins 31.0 99 114 59 7.9 5.1 49.6 23.7 344 129 211 8.1 201 89 133 53 
6 ‘Unrelated’ 38.4 8.3 164 59 13.1 6.1 70.5 27.0 37.9 10.6 31.4 10.2 186 87 17.6 5.7 
First cousins 37.6 8.2 15.8 6.1 12.3 62 70.4 27.0 374 10.7 30.4 10.3 {8.3 8.5 173 5.7 
Double first cousins 33.0 12.0 13.0 7.3 10.6 6.7 65.8 27.0 32.0 [3.2 27.7 12.4 16.9 [0.0 [5.2 7i 


*Number of items in the test 


tThe left-hand numbers represent the number of items in the test for grade 4 and the right-hand numbers, number of items for grade 6. 


depression seems clear and consistent in both. It is interest- 
ing that the effect is smaller for the mathematics and 
substitution tests, though the three groups fall into the 
same order here as for the other tests. 


5i 






Hebrew Arabic Mathematics Science 


t Score 





Hebrew Agabic Mathematics Science 


Fig. 2 Standardised means (r scores) of achievement tests accord-. 
ing to parental consanguinity for grades 4 and 6 ——, Not 
related; — — —, cousins, ...., double cousins, 


The inbreeding depression clearly demonstrates the im- 
portanee of a genetic component in the variance of cog- 
nitive performance in this population This, could result 
either from the general increase in homozygosity that results 
from inbreeding or from decrease in performance resulting 
from homozygosity for specifgc recessive alleles’*. The 
higher variance of the double cousin group in some of the 
tests favours the second interpretation. 

; JOSEPH BASHI 
School of Education, 

The Hebrew University of Jerusalem, 
Israel 
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The significance of the nose for 
certain phenomena of visual perception 


Bower’ draws attention to the fact that the majority of 
organisms have evolved in such a way that part of the body 
(almost invariably the nose) is permanently present in the 
visual field. This, as he points out, can hardly be accidental 
and indicates that the organ may have a function in visual 
perception; subjects lacking a nose may differ from normals 
on tests ọf visual capacity. Unfortunately this clinical con- 
dition is now rarely encountered and affected individuals 
may, in any case, develop compensatory techniques, for 
example, reliance on glimpses of some other part of the 
body. It may be more profitable to consider the effects of 
making the nose visible where this is not normally the case. 
The autokinetic, phenomenon may, for example, be a 
consequence of the fact that in total darkness the nose is 
invisible and cannot play its customary role as a stable point 
of reference by which other objects fn the visual field are 
judged stationary or in motion with respect to the observer. 
What would be the effect of making the nose visible? I 
report here two experiments in which the nose was visible 
in an otherwise dark visual field. Contrary to Bower, auto- 
kinetic movement seems to have persisted. 

-The autokinetic phenomenon occurs when a subject 
fixates a point source of light in an otherwise dark field. 
The light characteristically appears to move, though it is in 
fact stationary throughout. Recent experimental work has 
vastly increased our understanding of the parameters 
governing the extent of this phenomenon, but none of the 
proposed explanations has survived experimental test. 
Bower’s proposal implicating the nose is prima facie 
appealing but has not been confirmed empirically. What is 
required is a means: of making the nose visible to the 
subject in an otherwise dark visual field since movement 
should not then be reported. Two alternative methods 
suggest themselves. The subject may wear a luminous false 


Nose, or small electric light bulbs may be inserted in his 


nostrils illuminating the nose from within Each method 
has disadvantages. The luminous false nose has a pale 
greenish-white appearance and does not correspond in size 
and conformation to the subject?s own nose (being usually 
somewhat larger). The inserted light bulbs involve a degree 
of physical discomfort but the organ visible is the subject’s 
own, even though translucent pink in colour. Both methods 
were used in the two experiments to be reported. The 
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luminous false nose condition presented no special problems 
of method but in the:inserted light bulb condition it was 
found that because the conformation of the nostril and 
the thickness of the nasal membrane differ from subject to 
subject, a greater or lesser area around the nose was some- 
times illuminated To ensure that no additional visual cues 
were available, the subject was enveloped from the neck 
down in a voluminous cloth of black, non-reflective material 
similar (except ın colour) to those used by hairdressers. 

In Experiment | each subject spent three 2-min 
periods ın total darkness fixating the point source and 
reported the onset and offset of apparent movement if any 
occurred, Ear-muffs wete worn to avoid interference from 
Irrelevant auditory stumul1 The subject was allowed 5 min 
to adapt to the darkness before beginning his first observa- 
tion period and rested for 3 min ın dim illumination between 
periods 

Each subject did on@ period wearing a luminous false 
nose, one with light bulbs inserted in his nostrils and one 
control period. A standard moulded rubber artificial nose 
was usgd, coated with non-toxic luminous paint The 
nostril illuminator consisted of a pair of 6-V, 0.36-W 
L.E.S bulbs partially embedded in plastic. These were 
disinfected between subjects using 5% cetrimide solution. 
Twelve subjects: were tested°(all female, average age 18 56 
yr). In order to equalise the effects of practice and fatigue 
the three experimental conditions were presented to two 
subjects in each of the six possible orders of presentation 

The results obtained are shown in Table 1. Three subjects 
did not report movement in any condition, results are there- 
fore tabulated for nine subjects only | 


Table 1 Incidence of autokinetic movement in Experiment | 
Illuminated Luminous 
nostril Control e nose 
Time of onset (s) 38 22 47.44 e 28.11 
Duration (s) 41.67 38.44 55 78 


There is no significant difference between the illuminated 
nostril condition and the control condition, either in time 
of first onset measured from the beginning of the period 
(f=0 25, not significant), or in duration—that 1s, total time 
during which the péint of light was in (apparent) motion 
((=0 28, ns.) The luminous false nose condition seems to 
have enhanced the effect (onset, r=1.65, n.s., duration, 
f=2 32, P<0 05). 

It might be argued that the control condition in Exper- 
ment 1 was inadequate, since although the subject was 
unable to see his nose he was also free of the physical 
sensations and possible discomfort associated with the 
experimental conditions (particularly the illuminated nostril 
condition). In a second- experiment each experimental 
condition was compared directly with a control condition 
in which’ the’ subject wore an ordinary (non-luminous) false 
nose or in which light bulbs were inserted in the nostrils but 
were not illuminated. Twenty-four subjects gvere tested in 
all: four conditions (12 male, 12 female, average age 
1867 yr) The four experimental conditions were presented 
once each in the 24 ‘possible orders of presentation. 
Procedure was otherwise as in Experiment 1. 

The results obtained are shown in Table 2. No effects of 





Table 2 Inqgdence of autokinetic movement in Experiment 2 
Non- : Non- 

Iumunated wWuminated Luminous luminous 

nostril nostril nose nose 

Time of onset (s) 41.33 27.37 25.71 24.58 
Duration (s) 49.50 61 50 59.00 61 92 
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sex were observed All subjects reported movement in at 
least two conditions , 

The luminous false nose condition did not affect the 
phenomenon, but the illuminated nostril condition seems to 
have been associated both with later Onset and with shorter 
duration of apparent movement. Unfortunately, these 
differences (which would have supported Bower’s hypothesis) 
fail to reach a ania by the ¢ test (onset, t=1.71, n.s.; 
duration,. f==1.53, 

It may be aa the techniques employed were not 
sufficiently refined. (We experienced some difficulty in 
persuading subjects unfamiliar with the requirements of 
strict experimental method to sit in total darkness, wearing 
ear-muffs, with electric light bulbs inserted in their nostrils 
—particularly when the bulbs were not actually illuminated). 
But the project 1s at an early stage. The results so far 
obtained while not positively refuting Bower’s hypothesis, 
cannot be said to support it. 

N. E. WETHERICK 
Department of Psychology, 
University of Aberdeen, 
King’s College, 
Old Aberdeen, UK j 
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Sampling theory for, ; 
alleles in a random environment 


A MAJOR effort in theoretical population genetics has been 
armed at developing statistical tests to distinguish between 
various explanations of observed patterns of enzyme variation’. 
Perhaps the most useful result to emérge from this effort ts 
Ewens’ sampling theory of neutral alleles?. This theory allows 
one to use the number and configuration of alleles in a sample 
to test for departures from neutrality. Watterson? has derived 
the analogoys sampling distribution for a fintte population 
subject to the joint effects of mutation and symmetric heterotic 
selection. It differs from the neutral sampling theory, providing 
a stronger hypothesis-testing situation than has previously been 
available. In this note | present a third sampling distribution. 
It applies to an infinite population in which the selective co- 
efficients fluctuate at random through time and space. Quite 
unexpectedly, the sampling distribution turns out to be identical 
to that for the neutral model, indicating that agreement of data 
with Ewens` sampling distribution does not rule out the possi- 
bility that natural selection is responsible for the genetic 
variation in the sample. Furthermore, the properties of random- 
selection populations at equilibrium are indistinguishable from 
neutral-allele populations for observations made at a single 
time point. This result calls into question the claim that agree- 
ment of dat& with predictions of the neutral model argues 
against natural selection as an important factor for the main- 
tenance of genetic variation. 

Work on biologically-moflvated models for natural selection 
in a random environment has shown that, under a wide variety 
of assumptions, two allele models yield diffusion processes with 
drift and diffusion coefficients of the form 


u(x) = x(1— x) [a7 60 /2—~x)] (1) 
ox) = x1—x)? 


For symmetric models, which will be the only ones considered 


here, a = 0, and 
w(t) = bx(1—xX1/2—x) (2) 
ox) = x{1—x)* 
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For example, for a diploid species with additive alleles in a 
subdivided environment : 


b = Hn —k)] G) 


where r is a measure of the patch structure and k 1s a measure 
of the correlation betwêen patches*. Biological considerations 
suggest that b = 2, with larger b values associated with greater 
environmental heterogeneity. As another example, if the 
environments are autocorrelated, we can still obtain a diffusion 
process for the additive, diploid case, with 


b = ~m (4) 


where À is a measure of the autocorrelation of the encironment’. 
In this instance 1 < b < œ, with smaller values of b associated 
with more positively autocorrelated environments. Other 
models \ncorporating dominance and various population 
structures also give models of the same form as (2), with, in 
general, 1 < b < œ (ref. 6). The asymptotic density for (2) is 
a B distribution 


I'(26—2) ue 
D(x) = Tepe x)” (5) 


which always exists since 6 > 1. Two neutral alleles with equal 
mutation rates also yield a beta distsibution of this form which 
hints of the reason why random environment models behave, 
asymptotically, like neutral allele models. 

The X-allele extension to (2) may be written, using techniques, 
similar to those in Gillespie’, as 


w£) = bx (F-Xx,) 
oX) = x (1+ F—2x,) 
olf) = x x(F—-x, — x) 


K 
where X = {xX}, Xn.. X41), F os 2X1, afd x, = | — xi — X — 
. Xx..,. We can solve the three allele case by using the zero 
probability flux condition given in Kimura’ and following the 
techniques given in his equations (9.5) to (9.7). ff we write the 
asymptotic density as . 


i=],2,...,K-—I (6) 


P(x, x2) = exp(wr,, x,)) (7) 


we are led to the system 


‘ oy 3 ð 
oio = = ig? = i 
l 12 Ox, 2u ax, er Ox, O12 
= (8) 
0 g ð 
Ois O} a. — 2u T 5 1s ae. 
1 2 


e 
which yields, after considerable manipulations 


ay 26-5) 1 ° 1 
s Ox, 3 xy l—x,—x, (9) 


Integrating this system gives 


” TO- Dy. 


@,(%1,%3) = ~ T(Qb— —2)/3)? 


[x1x(1 + sas ala (10) 


* 
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This is a Dirichlet distribution and suggests immediately that 
the form of the asymptotic density for K alleles will be 


$ 
K ' 
De = d tix, | == [— x Xa.. n — XK) (11) 
pma | l 


If we substitute (11) into the equation giving the zero probability 
flux condition: 


Ix a i 
-mk — ss-foix] — 5 > so] (1 
u a 
we discover that the appropriate value of B is 


+ 


=a E a (13) 


K 





B = 


Thus the asymptotic density for the system (6) is the Dirichlet 
distribution 


4 


tha 
T (2b—2) K Th 
F(Gb—-D/K®) ti |” = 


This is the same form as the asymptotic density for the K-allele 
neutra] model (see refs 7, 9, 14). 

The tractability of the sampling distribution of neutral alleles 

rests on the assumption that the underlying process has an 
infinite number of possible allelic states. The natural analogue 
in our case would be to consider the behaviour of ®, as K - 
By this procedure we do not mean to imply that there are, in 
any real population, an infinite number of alleles, rather we 
view the K = x case as an approximation to the behaviour of 
a large number of alleles. The behaviour of both ®, and 
samples from ®, are well known, the most powerful results 
coming from recent work by Kingman”, 

As K--«a, the limiting form of ®, degenerates, but the 
distribution of the order statistics 


p(X) = 


XQ) 2 XQ) Z Xa aS... , (15) 
* 
converges to the Poisson—Dirichlet limit. Kingman" has recently 
proved the remarkable theorem-——‘‘a sequence of populations 
has the Ewens sampling property if and only if it has the 
Poisson—Dirichlet limit.” 

Thus the sampling distribution for alleles subjecting to 
selection in a fluctuating environment according to equation (6) 
has the same sampling distribution as the neutral allele model. 
The fact that the Dirichlet distribution yields Ewens’ sampling 
distribution as K -- œ was apparently shown first by Frank 
Stewart (unpublished results). Watterson’? showed indepen- 
ently, that the .order statistics of the Dirichlet distribution 
converge to a limit, and obtained the joint density for the first 
r order statistjcs. 

For our parameterisation we can write down certain sampling 
properties immediately using the results of Ewens*. The 
probability that a sample of size 27 contains k alleles is 


(26—2)* 


(16) 


The probability that a sample of size 2” with k allelic types 
contains n, alleles of type i 1s 


t 
n |k, 2n] ee e 1. (17) 


PriUfty, Ma, ees k! ign Ny 
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where, in (16) and (17) 
L( yy me yf yp | X y pe 2) ROSEA ( y i E 2 H Í ) 
ad l LF — ] 2 Ja ie biy ji an on 


+ 
Examination of these results shows that heterozygosity increases 
with b. From equations (3) and (4) we are led to the observation 
that increasing the environmental heterogeneity will increase 
the heterozygosity, while increasing the autocorrelation will 
decrease the heterozygosit¢. 

it was quite unexpected that the infinite-allele random- 
environment model should behave in a manner completely 
‘analogous to the ffeutral-allele model. Ewens’s® original deri- 
vation of the sampling distribution used intuition concerning 
the behaviour of unique alleles which appear in the population 
through mutation, continue to segregate for a time, and are then 
lost. Clearly this line of reasoning does not immediately carry 
over to the present model’because of its inaccessible boundaries. 
Also, in the neutral model the frequency of a single allele is a 
Markovian variable whose behaviour can be studied in isolation 
by lumping the frequencies of all other alleles. This is not the 
case for the random environfment alleles whose individual 
behaviour depend on F and cannot be studied without some 
knowledge of the actual frequencies of the other alleles. 

The assumption of complete symmetry given in equation (6) 
is probably unnecessary. In the two allele case even asymmetric 
models give asymptotic B distributions. If this carries over 
to K-alleles, then the results of Kingman! indicate that even 
asymmetric Dirichlet distributions can have the Poisson- 
Dirichlet limit providing certain conditions are met. The 
common observation that there are ‘too many’ rare alleles in 
many samples from nature" can be accounted for by these 
asymmetries. F 

The present model is limited in that it does not include 
finite-population effects. Whether this will seriously affect the 
behaviour of alleles which are frequent enough to appear in 
samples ts not known. 

Finally, since many of the tests for neutrality are based on the 
asymptotic behaviour of the infinite-allele neutral model, the 
present results indicate that none of these tests can distinguish 
neutrality from random-environment behaviour. Included 
among these tests would be those of Ewens? Yamazaki and 
Maruyama'*, Johnson and Feldman and Nei et a/."*, 

I thank Warren Ewens for many helpful comments, including 
hig mention of the work of J. F. C. Kingman. 
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Synthesis of compound 
chromosomes from a pericentric 


inversion in the onion fly Hylémya antiqua 
STRUCTURAL chromosome mutations such as reciprocal . 
translocations’'’, pericentric inversions’ and compound 
chromosomes’ have been considered for the control of 
insect pests. Their exploitation is based on the capacity to 
reduce the fertility of a population, and they might be used _ 
to introduce a gene into a natural population to render the — 
pest less harmful. This possibility arises from the fact that — 
some structural chromosome mutations confer higher 
sterility in crosses to wild type, or in the hybrids from such 
crosses, than in matings within the mutant strain. This pro- > 
perty is particularly evident with compound chromosomes ne 
which have homologous arms attached to common centros 
meres rather than to different centromeres. This causes 
intersterility with wild-type individuals, because all the- 
hybrids carry chromosome duplications and deficigncies, In 
contrast to studies” in which compound chromosomes 
were isolated starting from two almost whole arm reciprocal 
translocations. | have used a pericentric inversion in. the 
onion fly, Hylemya antiqua. 

Four different types of chromosomes were produced if 
crossing over occurred anywhere within the loop of a peri- 
centric inversion heterozygote’. Figure 1 shows how these 








types were discriminated on the basis of total length and. 


arm ratio, The normal (3") and inverted (3') chromosomes 
are balanced. The other two crossover chromosomes (3° and. 
3') both carry duplications and deficiencies and are con- 
sidered as compound chromosomes, although the break- 
points are not in the immediate vicinity of the centromere. 
if both sexes were chiasmate, a compound chromosome 
strain could be made from crosses between inversion hetero- 
Zygous parents. Because only female onion flies are chias- 
mate, I looked for males carrying a chromosomal rearrange- 
ment which gave products which would be complementary 
to one of the compound chromosomes produced by the 
inversion female (Fig. 2). Crosses between inversion females 


Fig. 1 Diagram of a pericentric inversion heterozygote and the 

possible products. 3! and 3" are the parental combinations and 

3' and 3° the results of crossing over in the inversion loop. 
Arrows indicate breakpoints. 
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Fig. 2 Diagram of the translocation heterozygote (male) and 
the two orientation types. 


and translocation males produced some progeny with the 
compound type of chromosome, consisting of a large re- 
combinant chromosome (3') from the female and a short 
complementary translocated chromosome (3') from the 
male. It was intended that subsequent backcrossing of such 
males with inversion females would give a compound 
chromosome strain carrying 3' and 3° 

Cytological analysis (Fig. 3) df an X-linked translocation’ 
showed that one of the translocated chromosomes (3°) re- 
sembled the short chromosome (3°) from the inversion. Four 
different chromosomes were involved in the translocation, 
which is a simple one with a breakpoint in the telomeric 
area of the X chromosome (Figs 2 and 3). Four different 
types of gametes were produced in equal frequency and 16 
different embryonic karyotypes were assumed to occur when 
the translocation males are crossed to inversion females. As 
Table 1 shows, five karyotypes were deficient for segment 
ab (about the distal two-thirds) of the long arm of chromo- 
some 3. Indeed these types were not observed in the larval 
stage and died as embryos. 

Eleven different karyotypes were expected to be viable in 
the larval stage, but observations on mitotic preparations 
with somatic pairing revealed only eight types. Of the three 
missing categories | could not explain the absence of FFAA 
larvae which are no more duplicated than, for example, 
the viable V3 XY type. The 3'3"°X'°X type is tetrasomic for 
segment ab and therefore probably too duplicated to survive. 
The 3°3°X"X larval karyotype is probably indistinguishable 
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Fig. 3 a, Normal karyotype with two 3" 
prophase in larva (2n — 12). b, Translocation heterozygote 
3'3"X*Y (male), metaphase in larva. c, Pericentric inversion 
heterozygote 3'3", metaphase in larva. d and e, Larval com- 
pound type 3'3', 3° from T/+ 3 and complementary 3' from 
In Mitotic metaphase. f, Compound type, mitotic ana- 
phase. Note constrictions in 3'. g, 3'3°X*X, mitotic metaphase 
in larva. A, 3'3'X*X, mitotic metaphase in larva. 


chromosomes, 


from the translocation heterozygote (3'3"X"X). Out of 40 
larvae analysed, three were* of the male compound type 
(3'3'XY) (Fig. 3d. e and f). Unfortunately no compound 
karyotype was observed among adult males (30) and there- 
fore no compound strain was isolated. Probably a small 
terminal deficiency (segment e), distal to the breakpoint in 
the short arm of chromosome 3 (one-tenth of the chromo- 
some), caused inviability. This was unfortunate because the 


nn tt 











J Table 1 Gametic combinations after mating of In/+ females and T/+ males 
= s ———Ee 
T/+ 3 Alternate ° Adjacent—| 
In/+ § 3'X? 3"Y yty 30X? 
3P e d.c D «a e €@€@eé D 8 e d € A e d c bb aa 
e d c S a e d c b a e de ba e d c b a 
> se d tet & 3 e deb a e dec + e d c bb aa 
D 6&6 B0- Aa D c Bb Aa D c Bb Aa D c BB Aa 
3s e d © bO aå e d ¢ b aå ë de A e dc bb aa 
Fed C Fe d C Ee d C Ee d C 
3! e dc b a e dc ba e d c A e Ê c bb aa 
E D C B A E D € 8B A EB D C B A E D C B A 
. Q g a Q 


The letter combinations indicate the presence of duplications and/or deficiencies. The compound type is indicated by an asterisk. The A 
types are expected to die in the embryonic stage. Y is the male determining factor. Photomicrographs of some karyotypes (larvae) are shown 


in Fig. 3. o 
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presence of a small duplication for a tiny interstitial seg- 


ment, located between the long arm breakpoints of two 
rearrangements, "usualy has little influence®’*', 

To avoid the problem of trying to obtain a translocation 
which is more exactly complementary to the crossover 
products of the inversion, another suggested method for the 
production of a compound chromosome strain is the irradia- 
tion of inversion heterozygous males to stimulate grossing 
over in the loop". Then the recombinant chromosomes 3° 
and 3° could be generated through both sexes. The use- 
fulness of the pericentric inversion would be much reduced 
if the distances of both breakpoints to the centromere are 
too large. Otherwise crowing over is to be expected between 
the two compound chromosomes, thus producing normal 
and inverted chromosomes again and hence intersterility 
with the wild type would be incomplete. This would prevent 
use*of the system to replace completely a wild population 
by a harmless form. But jn a species with achiasmate males, 
this sex from such a compound chromosome strain would 
be fully sterile in matings to wild type. Thus such a strain 
could be used as a sotirce of material for a sterile, male 
release programme. ý 

l thank C. F. Curtis for criticising the manuscript. 
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Regulation of dimorphism 
in the pathogenic fungus 
Histoplasma capsulatum 


Histoplasma capsulatum is a dimorphic pathogenic fungus 
which is the causative dgent of the disease histoplasmosis. The 
disease is worldwide in occurrence and approximately 40 million 
people have been infected in the USA?. In soil the fungus is 
filfmentous, but in the infected host it exists asa budding yeast and 
it is believed that the phase transition is Important in the 
pathogenicity. In the laboratory, the mycelial form can convert to 
the yeast phase when the temperature of incubation is shifted from 
room temperature (25 C) to body temperature (37 °C). In this 
report we show that the elevated temperature initiates a series of 
reactions leading to changes in the intracellular level of 3’, 5’-cyclic 
adenosine monophosphate (cyclic AMP): the shifts in intracellular 
cyclic AMP levels are an important determinant of the mor- 
phological phase of the organism and therefore of its disease 
producing potential. Py 
Earher studies? ° have already shown that the natural signal of 
temperature is not by itself critical to cause the phase transition. 
Rather, temperature seemed to affect the level of sulphydryl 
groups or the redox potential, which in turn determined the phase 
of the organism. For example, added sulphydryl, usually in the 
form of cysteine, could force mycelia into the yeast phase even at 
25 C (ref. 3). Moreover, Rippon showed!® that a low redox 
potential imposed even in the absence of added cysteine, stimu- 
lated the conversion of mycelia to yeast at 25 °C, whereas yeast 
converted to mycelia when the medium had a higher redox 
potential. 
‘In attempting to analyse further the role of sulphydryl groups, 
we started from the observations of Garrison that cysteine and 





cystine were actively transported into yeast by an ATP-dependent 
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permease, and that they stimulated fungal respiration by entering 
the Krebs cycle as pyruyic acid'!. Garrison also found that the 
effects on respiration were a good measure of the active uptake of > 
these compounds. cna 
We found that yeast incubated at 37 °C had a higher level of 
respiration than mycelia incubated at 25 "C (6.6 and 2.8 nmol O 
per min per mg dry weight, respectively). When yeast cells wet 
brought to 25 °C, however, respiration immediately fell to the lev 
characteristic of mycelia (2.2 nmol). Similarly, when mycelia s 
incubated at 37 °C, there was an immediate increase to the le 
Observed with yeast (6.5 nmol). We concluded that the basel 
level of respiration in the two phases of H. capsulatum was a direc 
response to cemperature of incubation and reflected only the QO 
of mitochondrial function. n 
The addition of cysteine or cystine to the medium stimulated the 
respiration of yeast but not of mycelia. When yeast cells: wi 
switched from 37 to 25 °C, respiration fell immediately and the 
stimulus to respiration of cysteine and cystine gradually dimi- 
nished to zero over 8 h (Fig. 1). After 24 h of incubation at 25 Gen. 
the temperature was abruptly brought back to 37 °C. Baseline 
respiration increased immediately and there was a rapid return of 
the stimulus to respiration by added cysteine (within 5 min)anda 
later return with added cystine Fig. 1). When the temperature was 
switched to 37 °C in the presence of | mg ml} cycloheximide and 
l mg ml! chloramphenicol, the cysteine-induced change in fea 
spiration still occurred. At these concentrations of antibiotics, 
protein synthesis was less than 20° of control cells!2. | zi : 
Mycelia incubated at 25°C did not respond to cysteine OF 
cystine, but when the cells were switched to 37 °C they became 
responsive to these amino acids within 5 min (Fig. 1). The rapid 
changes in uptake of cysteine and cystine, even in 
















Fig. 1 Effect of cysteine (G) and cystine (AA). H. capsulatum $ 
(Down's strain mating type [—]) was grown in 2% glucose 1°% yeast 
extract (GYE) in a New Brunswick rotary shaker. An inoculum of 

10 mg dry weight of mycelia per mi was incubated at 25 °C. and an’: 
inoculum of 5 x 10° yeast cells per ml was incubated at 37 °C. Oxygen 
consumption was measured using a Clark electrode. The dry weights 

were determined by filtering 5 ml culture through 0.22-um Millipore 

filters and drying the filters at 60 °C to constant weight. Daily fresh 
solutions of cysteine (pH 6.4) and cystine were prepared. The final 
concentrations were respectively 10 mM and 21 uM. Rate of growth 

of the two phases as determined by dry weights was the same. a, Yeast 

cells; b, mycelial cells. 


Respiration (°, increase over controls) 
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cycloheximide-chloramphenicol-treated cells, suggested that this 
process did not require new protein syifthesis and that transport 
protein(s) may be present on cell membranes of both phases of H. 
capsulatum, but only aetive at 3% C. 

If the action of temperature is to change membrane redox 
potential, and this can be facilitated by activating a permease for 
cysteine uptake, fungal dimorphism may be controlled by some 
critical sulphydry!l groups, or by a general change in reducing state. 
To test this, p-chloromercurphenisulph@nic acid (PCMS), a 
sulphydryl-blocking agent, and dithiothreitol (DTT), a sulphyd- 
ryl protector, were tested for their effects on the phase transition. 
Mycelia were exposed to 100 uM PCMS for different lengths of 
time (5 min to 2 weeks) and were then washed twice, resuspended 
in fresh medium without PCMS and plated on GYE agar plates at 
37 “C. The cells grew continuously after this treatment but never 
reverted to the yeast form (Fig. 2). PCMS (100 uM) also accele- 
rated the transition of yeast to mycelia at 25 °C. After exposure to 
PCMS and incubation at 25 °C, yeast transformed to mycelia in 
5-6 d instead of the usual 12-14 d. Even yeast incubated at 37 °C 
began toransform to mycelia in the presence of PCMS, but 


reverted to normal yeast when PCMS was washed out. 
e y 2 





+ 
Fig. 2 Effects of cyclic AMP and PCMS 
on phase transition. a, Yeast cells at 37 C 
(x 450); b, mycelia at 25°C (x 450). c, 
yeast +2mM_ dibutyryl cyclic AMP at 
37°C (x450): d. mycelium + 100 uM PCMS 
at ay Ctx 450). 





Opposite effects were found when cells were treated with DTT. 
For example, when yeast were incubated at 25 “C inehe presence of 
5 mM DTT. transformation to mycelia did not occur (although in 
this case the transition to mycelia still occurred when DTT was 
removed from the medium). Neither PCMS nor DTT were toxic to 
either phase of H. capsulatum at the concentrations used. 

The effects of PCMS and DTT argue that sulphydryl groups, 
most likely at the surface of the cell, are critical for determining the 
phase of H. capsulatum. Theirreversibility of the PCMS effect was 
unexpected, but also suggested that some surface feature was 
critical. The next question was how critical sulphydryl groups. 
especially at the membrane of the organism, could regulate a 
complex transition of yeast to mycelium. One possible explanation 
was that this phenomenon was similar to the effects of many 
hormoges on eukaryotic cells, which often begin with a membrane 
change that modifies the intracellular level of a cyclic nucleotide. 

In H. capsulatum, we found that the level of cyclic AMP was 
about five times higher in the mycelial phase than in the yeast 
phase. Cyclic AMP was assayed in yeast and mycelia by the 
radioimmunoassay of Steiner” e? al?? or with the 
Amersham-Searle cyclic AMP assay kit. The cells were collected 
by filtration, washed three times in ice-cold water, suspended in 
either 5% TCA, 0.1 N HCI or 0.05 M Tris-HC! buffer, pH 7.5, 
containing | mM 3-isobutyl-l-methylxanthine (Aldrich Chemi- 
cals). Glass beads (diameter 0.45-0.50 mm) were added to the 
suspension and the cells were disrupted at 4,000 r.p.m. for 3 min in 
a B. Braun Cell Homogeniser MSK, cooled with liquid CO,,. The 
resulting homogenates wefe centrifuged and an‘aliquot of the 
supernatant was lfophilised difectly, or, in the case of cells 
homogenised in TCA, after extraction in ether. The dried material 
was resuspended in the appropriate buffer, and the cyclic AMP 
content determined. The recovery ofadded cyclic AMP in controls 
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Fig. 3 Working hypothesis for role of cysteme and cystine in 
morphogenesis of H. capsulatum. 


was 80-90" ` The supernatant of cellyhomegenised in Tris buffer 
containing methylxanthine and precipitates of HCI and TCA- 
extracted cells redissolved in | N NaOH were assayed for protein 
according to Lowry er al.'*. The average of three determinations 
showed that mycelia contained 46.9 and yeast 9.8 pmol c¥clic 
AMP per mg protein. In addition, 2 mM dibutyryl cycle AMP or 
SmM theophylline added to yeast cultures resulted in the 
conversion of yeast to mycelia, even at 37 °C, the temperature 
characteristic for the yeast phase (Fig. 2). 

Thus, although the role of cysteine and cystine in morphogenesis 
of H. capsulatum is not understood, it seems likely that they satisfy 
a requirement for critical sulphydryl groups that then determine 
the level of intracellular cyclic AMP. We do not know how this 
might occur, but possibly, as in Escherichia coli, the activity of 
cyclic AMP-phosphodiesterase (cyclic AMP-PDE) requires the 
presence of a réducing substance! $. The redox potential, governed 
by sulphydryl groups, could then havea regulatory role in the level 
of cyclic AMP, which in turn would control morphogenesis. 
Therefore, we suggest as a working hypothesis the schema of Fig. 
3. At 37 C the cells are able to bring cysteine to critical membrane 
sites. There it would activate cyclic AMP-PDE, thereby lowering 
intracellular cyclic AMP and maintaining the yeast phase. When 
the temperature is switched to 25°C, transport of cysteine 
decreases and cyclic AMP-PDE activity falls. This results in an 
increase iñ cyclic AMP levels and a shift to the mycelial phase. 
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The role of chemotaxis in the ecology 
of bacterial pathogens of mucosal surfaces 


ALTHOUGH the ecological role of bacterial chemotaxis has been 
the object of considerable speculation, little is known of its role 
in nature’. Moreover, chemotaxis as a factor inf the interaction 
between the mammalian host and its indigenous or pathogenic 
microflora remains unexplored. Studies with Vibrio cholerae 
and other intestinal pathogens have shown that bacterial 
association with the mucosa is influenced by bacterial motility, 
adhesion to brush border membranes, the presence of an 
indigenous flora and by the inhibitory effects of local antibodies 
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Fig. 1 A chemotactic strain of S. typhimurium forming a receding 
band at some distance from the mucosal surface. The bright 
triangular area in the lower right corner is the surface af the 
mucus gel overlaying the villi. The band had origin4lly formed 
within the mucus gel and some bacteria have been retained there. 
The diffuse light within the band emanates from bacteria outside 
the focal plane of the microscope. The diffuse light in the mucus 
is due to light scattering by the gel itself. Darkfield ( < 110). 


(summarised in refs 2, 3). We have shown previously that a 
pepsin digest of rabbit intestinal mucosa (PMS) inhibits the 
association of cholera vibrios and Salmonella enteritidis with 
rabbit intestine, and speculated that this extract was inhibitory 
because it neutralised the adhesion of the bacteria to a hypo- 
thetical receptor in the mucus gel®. We report here that PMS 
neutralises a positive chemotactic response of several bacterial 
species to the mucosa and in that way reduces bacterial 
association with intestinal tissue. Chemotaxis thus seems to be 
one of several mechanisms controlling interactions ef bacteria 
with mucosal surfaces. ö 

Observation under a phase-contrast or darkfield microscope 
of pieces of mouse or rabbit small intestine immersed in a 
suspension of V. cholerae revealed that very high concentrations 
of viBrios aggregated at the villous surface of this tissue in 
approximately | min. Three non-chemotactic vibrio mutants 
were selected using a modification of the method of Aswad and 
Koshland? and differed from the parent strain in that they did 
not accumulate at the Surface of intestinal tissues, but remained 
randomly distributed throughout the suspending buffer. 
Similarly rapid attraction to ‘mucosal tissue was shown by 
Escherichia coli (AW 405) and Salmonella typhimurium (SL 
1634), but not by their non-chemotactic mutants (cheB 590 
and SL 2538, respectively). None of the mutants used in this 
study differed from their respective parents in the rate of 
motility as determined by direct microscopic observation. 

After chemotactic strains of the three bacterial species had 
accumulated on the surface of intestinal tissues for a period of 
approximately 2-5 min, the bacterial accumulation began to 
move away to form a clearly visible band of motile bacteria 
some distance from the tissue surface (Fig. 1). The distance of 
separation increased with time until the band evantually reached 
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the edge of the coverslip. No such bands were formed by any 
of the non-chemotactic gnutants. The formation of these bands 
may be caused by the local consumption of oxygen at the tissue 
surface or by the generation of metabolites with negative 
chemotactic activity by the tisSue and/or by the bacteria. Such 
negative chemotactic gradients would compete with the positive 
chemotactic gradient generated by thé tissue. Accordingly, the 
bacteria would be expected to accumulate in an area defined by 
the interaction of opposing gradients. Similar banding phenom- 
ena in broth or agar cultures of various bacteria have been 
described by others®-?. Whatever the actual mechanisms may be, 
our direct microscopic observations indicate that strikingly 
effective chemotactic attraction and repulsion of a variety of 
bacteria can occur at the mucosal surface. 

Agar blocks infused with an ultrafiltrate of PMS could be 
substituted for the mucosal tissue slices. Such blocks attracted 
E. coli, vibrios and salmonellae to their surfaces, indicating 
that PMS contained one or several attractants. Agar blocks 
soaked in buffer had no effect. Moreover, the addition of PMS 
to the bacterial suspension reduced or prevented tbe chemo- 
tactic attraction of vibrios to rabbit mucosal tissue in the micro- 
scopic assay., By analogy wjth other chemotactic systems’ it 
seems likely that the attractants in PMS saturated those 
chemotactic receptors of bacteria which normally reacted with 
the attractants emanating from the mucosa, thereby blocking 
the reactivity of the bacteria. These interactions were also 
demonstrated with Adler's capillary test for chemotactic 
activity’. Cholera vibrios were attracted into capillaries con- 
taining dilutions either of PMS or of a soluble fraction obtained 
by centrifuging freshly pr€pared scrapings from the mucosa of 
rabbit small intestine (Muc. Sn.) (Table 1). The latter prep- 
aration presumably contained the chemotactic mediators of 
mucosal tissue in relatively*unaltered form. When PMS was 
added to the bacterial suspension as well as to the capillaries, 
no chemotactic gradient could form and no migration into the 
capillaries occurred. Similarly, the presence of PMS in the 
vibrio suspension considerably reduced the entry of vibrios 
into capillaries containing Muc. Sn. (Table 1), suggesting that 
at least some of the attractants in PWS and Muc. Sn. were 
similar. No response in the capillary test was observed with 
the non-chemotactic mutant vibrios. 

The effect of chemotaxis on the association of vibrios with 
intact slices Sf rabbit ileal tissue was determined as described 
before", with the modification that the tissues were incubated 
in buffer containing 5 = 10° cells per ml of each of the chemo- 
tactic parent strain plus one non-chemotactic mutant. The 
proportions of mutant to parent strains that remained on the 
washed tissues were determined by preparing agar plate 
cultures and subsequently transferring a number of individual 
colonies to semisolid tryptone agar’. The proportion of non- 
chemotactic mutants associated with the tissue slices was 
3.0 to 3.8 times lower than their proportion in the suspending 
fluid, indicating that the mutants had a significantly lower 
chance of associating with the mucosal tissue than the parent 
strain (Table 2). PMS in the suspending medium had no effect 
on the association of the non-chemotactic mutants with tissue 
slices. In contrast, PMS in the suspending medium reduced 
the association of the parent strain with mucosal slices by a 
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Table 1 Chemotactic attraction of Vibrio cholerae into capillary tubes and its inhibition by a preparation derived from intestinal mucosa 


Content of capillary Buffer 50% PMS* 5% PMS* 50% PMS* Muc. Sn.t 2% Muc. Sn.t 2% Muc. Sn.t 2% 
Content of bacterial suspension Buffer Buffer Buffer 50% PMS* Buffer 50% PMS* 5°% PMS* 
No. of bacteria in capillary? 3.58 142 S| 4.0 40) 8.5 9.5 
(x10) ° 7.08 97 5| 7.0 34 14 12 


——————————————————SÏĈsnĈĈūĈĦĈĈ sees 


* Ultrafiltrate of pepsin digested rabbit mucosal scrapings. 


t Supernate of centrifuged, freshly prepared rabbit mucosal scrapings. 


t Capillaries of 0.27 mm diameter, filled with 5 yl Tris buffer (pH 7.4) containing the materials indicated, were dipped for 60 min into vibrio 
suspensions. The number of vibrios which had invaded the previously sterile capillaries were then counted in a Petroff—Hausser chamber. 


§ Duplicate determinations. 








Fractfon of non-chemotactic 
vibrios m 


Parent strain 
plus mutant 


no.* i i suspending fluid” 
8 41793 (44.485) 
6 . 39/73 (53.423) 
3i 61/137 (44.5%) 
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Fraction of non-chemotactic n $ Factor: 
vibrios on fuid 
washed mucosat mucosa 
23/155 (14.8%. 3.0 
22/155 (14.2% 3.8 
‘ 23/155 (14.8%) 3.0 





* 
* Slices of rabbit mucosal tissue were incubated without shaking for 8 min in a suspension of vibrios containing approximately equal 
concentrations of the chemotactic parent strain plus one non-chemotactic mutant as indicated. 
t Based on counts of 31 colonies each cultured from 5 mucosal tissue slices. 


factor of two to four’. Consequently, when the chemotactic 
attraction of the parent strain towards the mucosa was blocked 
by PMS, its ability to associate with the mucosa was reduced 
to a level similar to that of the non-chemotactic mutants. 
Results obtained in three different experimental systems thus 
indicate that chemotactic mechanisms can promote as well as 
inhibit the initial invasion of mucosal surfaces by bacteria. 
Attractive and possibly repellent substances produced by the 
tissue are obviously important factors in these pragesses, but 
chemotactically active substances such as PMS in the medium 
bathing the mucosal surface seem to be equally potent modifiers 
of bacterial invasion. It is tempting to speculate about the 
in vive role of chemotaxis in the interaction between bacteria and 
their mammalian host. For example, in the initial stages of 
infection an intestinal pathogen is rapidly propelled along the 
small intestine in a bolus of digesta, and the duration of its 
contact with any given area of the nfucosal surface may not be 
longer than a few seconds. The ability of chemotactically 
attracted bacteria to quickly approach and penetrate the 
mucus gel may well be of even» greater importance in that 
-situation than in the invasion of the statically incubated tissues 
studied in the present experiments. Indeed, Chet and Mitchel! 
quote data showing rapid chemotactic movement of bacteria 
across and against fluid flow planes in flowing streams, that is, 
in conditions which kinetically resemble those of the small 
intestine. Furthermorg, intestinal contents almost certainly 
contain chemotactically active substancés which may either 
promote or inhibit chemotactic attraction of bacteria into the 
mucosa. Such a phenomenon may relate to certain aspects of 
“the long-recognised relationship between diet and®susceptibility 
to infection, a phenomenon for which exact mechanisms are 
still to be delineated®, It is also possible that chemotactically 
active substances added to the diet may exert a prophylactic 
effect against infections such as travellers diarrhoea. The 
association of indigenous bacterial flora with the mucus layer 
of the large intestine may also be governed in part by chemo- 
tactic mechanisms, £ 
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Helical shape and wall i 
synthesis in a bacterium 


. 

THe main skeletal components of most bacterial cell walls are 
complex polymers called peptidoglycans!'. The primary chemical! 
Structures Of these and other wall components are well under- 
stood but little is known about the arrangement of the molecules 
in the wall or how new wall material is incorporated during 
growth', We report here that several factors cause cells of 
Bacillus subtilis, normally straight rods (Fig. lb-e), to assume a 
regular helical shape. We suggest a model for the structure and 
synthesis of Gram positive cell walls which could explain these 
observations. Explanations suggested by Mendelson? for an 
apparently different type of helical growth in B. subtilis do not 
account for our results. 

In the model which most satisfactorily explained his observa- 
tions, Mendelson? suggested that the pattern of wall growth in 
his mutant, and perhaps other strains, results in the rotation of 
the two ends of a cell relative to one another. When, in his 
strain, both ends of a cell filament remain attached to the old 
spore case this rotation is prevented and the resulting torque is 
relieved bY the whole filament distorting to a helix. 

We h&ve observed that helices predominate among the 
abnormally-shaped cell filaments that occur in cultures of 
B. subtilis in the following conditions (f = approximate fre- 
quency of helical filaments in the populations). ` 

(1) In medium supplemented with thel ocal anaesthetics 
chlorpromazine (3-107 to 4-10°5M:; 37°C) or metho- 
chlorpromazine (5 =- 10 >to 6 = 107° M337 °C); f = 50%. 

(2) In medium containing penicillin G (0.1-0.25 U ml”; 
30 °C); fee 2°, (Fig. Ib-e). 

(3) Certain mutants of strain 168 (ref. 3) resistant to the 
detergent Triton X-100 (unpublished work) grow predominantly 
in a helical form, especially near the end of exponential growth. 
f > 95° (Fig. laand /). 

(4) In cultures restarting growth after subculturing from 
stationary phase. f < °. 

(For (1) and (2) exponentially growing cells were subcultured, 
to an initial density of 2- 10° ml>, into media containing the 
drugs. Strain 168i/° (ref. 3) and Penassy broth (Difco) were 
used in (2), (3) and (4) but wild-type Marburg strain and nutrient 
broth (Difco) in (1).) 

Our bacteria were not grown from spores, did not appear as 
closed loops (Fig. 1) and were grown in liquid media. Therefore, 
unlike Mendelson’s example, anchorage of cell ends could not 
have contributed to their morphogenesis. In addition, the helices 
we observed were usually much more tightly coiled (Fig. 1). 

Mendelson considered it improbable that helical shape could 
result from unequal growth rates at different points around the 
cell circumference because of the complexity of the necessary 
growth pattern”. This argument also applies to our observations 
-perhaps even more so because of the variety of circumstances 
involved. 

Highton and Hobbs? described penicillin-induced helical 
growth, very similar to that reported here, in a penicillin- 
resistant mutant of B. licheniformis. They found abnormal wall 
thickening at the inside curvatures of bent cells. Similar thicken- 
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Fig. 1 a and /, Triton-resistant mutant (TR61) grown in Penassy 
broth. Arrows in f show points of change in direction of helix: 
b-e, normal (straight) and helical forms of strain 168ind~ grown 
in Penassy broth containing Penicillin G (0.25 U ml ~); a-e, light 
micrographs of cells fixed in 1°, formalin and dried on to slides: 
a-d, stained with crystal violet; e, unstained, and phase contrast 
illumination; f, critical point dried bacteria in the scanning 
electron microscope. Bar, 5 um. 


° 
ing Was present in an irregularly bent mutant of B. sußtilis*. The 
thickening was attributed to an altered and irregular growth 
pattern’ or to lack of wall expansion due to insufficient lytic 
enzyme’. Without an explanation for the development of a 
regular pattern of wall thickening, these suggestions alone 
cannot account for long regular helix formation. 

Helical shape may also occur if the cell wall consisted, at least 


in part, of fibres wourd in a helical manner around the cell. If 


the quantity or quality of right- and left-hand wound fibres 
were unequal, and if the fibres were in a state of tension or com- 


pression, the cell might assume a helical shape, the direction of 


which would depend on which class of fibre predominated. This 
characteristic has been mentioned in a theoretical analysis of the 
structure of body walls of certain worms’. 

Helical shape in a bacterium may occur in the following 
circumstances. 

(1) If, in a cell wall normally composed of unequal quantities 
or qualities of right- and left-hand wound fibres, tension or 
compression forces along the fibres were introduced through 
imbalance in wall formation, expansion and turnover. 

(la) As (1) but fibres are normally wound in_only one direc- 
tion in the same wall area or at the same time. Helical cell 
shape may then also result from the inclusion of abnormal 
contrarily wound fibres. 

(2) If, in a cell wall normally containing equal quantities and 
qualities of right and left hand wound fibres under tension or 
compression, the equality is disturbed. 

(3) If, in a cell wall where the fibres are not normally helically 
arranged (that is, are parallel or at right angles to the cell's long 
axis), the pattern is disturbed to give unequal right- and left- 
hand wound helical components. 

None of these models involves anchorage of cell ends and 
therefore they can explain our observations. 

There is evidence that Gram positive cell wall material is 
synthesised in the form of fibres, During early stages of reversion 
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of B. licheniformis protoplasts to bacilli, murein and teichoic 
acid are in the form of distinct fibres’. In addition, a fibrillar 
structure has been seen în sections! although the latter observa- 
tion is not a reliable guide to wall structure. Pooley" suggested 
that wall material in B. subtilis is arranged in somewhat dis- 
crete fibres or sheets to facilitate the complex expansion and 
reorganisation that accompanies growth. 

The glycan chains of B. subtilis peptidoglycan are too long to 
be oriented radially in the wall’ but are short (< 200 nm (ref. 9)) 
compared with the ĉell circumference (~ 1.8 um, unpublished 
data) and fibres’. It is, however, easily conceivable that fibres 
consist of several overlapping cross-linked glycan chains. They 
could be formed in a manner comparable with the apparent mode 
of cellulose fibre synthesis in higher plants’, that is, by 
membrane-embedded enzyme complexes. Whole fibres could 
be cross-linked after deployment in the wall. 

The ease with which wall metabolism can be unbalanced is not 
surprising considering its biochemical and spatial complexity. 
The fact that helical cell shapes have been observed by ourselves, 
Mendelson? and Highton and Hobbs? in a variety of circum- 
stances suggests a helical component in normal &s well as 
mutant wall synthesis. It is not possible at present to decide 
which, if Any? of the above models resembles the true situation 
but models 2 and 3 seem less likely because equality of right- 
and left-handed fibres would occur through random assortment. 
Interference with wall synthesis in such cases is likely to increase 
randomness and not create a non-random situation. Model lais 
consistent with Mendelson’s suggestion of helically oriented wall 
polymers?, 

If growth sites are real entities in bacillus walls'!~**, it is not 
difficult to envisage a mechanism to ensure homogeneously 
oriented wall fibres through head-to-tail alignment, in a ring 
around the cell, of the enzynges (Fig. 2a-d). If growth is diffuse, 
orientation of new fibres may be guided by pre-existing fibres. 

A helically-distorted filament of cells containing a boundary 
between regions of right- and left-handed fibres should appear as 
in Fig. 2e. Such forms were in fact found (Fig. 1 f.). However, the 
regular occurrence of such boundaries, as implied in Fig. 2a 
and c, does not seem to occur, at least in condition (3) above, 
since uninterrupted helices several célls long are frequent 
(Fig. laandf). 

The type of model discussed may have a role in propagating 

o 

Fig. 2 a-d, Some possible patterns of wall fibre formation at 

growth sites ( 4); a and b, double-sided sites; ¢ and d, single- 

sided sites; e, expected appearance of helical cell filament at 
boundary ( + ) between regions of oppositely wound fibres. 
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the normal very regular shape of B. subtilis and could readily 
explain, in principle, the normal helical ghape of spirilla™. 

I thank Professor U. Henning for valuable discussions and 
criticism, Mr. M. Claviez (MPI fiir Virusforschung) for doing the 
scanning electronmicrdéscopy ard Dr H. Schwarz for help with 
and suggestions on photomicrography. 
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Neoplastic transformation of 
hamster embryo cells irradiated 
in utero and assayed in vitro 


INDUCTION of neoplastic transformation in vitro by X rays'”? 
and neutrons? has been reported. Using short term cul- 
tures of hamster embryo cells we found previously! ~>? that 
transformation by X rays can be detected with doses as low 
as | rad. The rate of transformation increases with dose reach- 
ing a peak of 1° between 150 and 300 rad. This frequency of 
neoplastic transformation in vitro is much higher than the 
frequency of radiation-induced tumours* observed after ex- 
posing animals to similar doses of radiation®. We report here 
that malignant transformed cells can be obtained from embryos 
irradiated in utero and assayed in vitro and that the frequency 
of transformation is at least tenfold lower than that obtained 
when the irradiations are performed in vitro, and thus closer 
to the incidence in animals. 

Pregnant Syrian hamster strain LSH (Lakeview) were ir- 
radiated at 12 d of gestation with 300 rad of X rays. The embryos 
were surgically removed within 30 min after irradiation. Pass- 
aging was carried out as*described below and in Table l. 
We tried to conserve in culture as many of the original cells 
as was technically possible. The cultures were passaged twice 
a week and each flask was handled individually. At every 
passage half the population of the freshly dissociated cells, 
resuspended in fresh medium, was replated back into the 
original, flask while the rest of the cells were seeded into a new 
flask containing 5 101 feeder cells (syngeneic cells irradiated 
with 4,000 rad (ref. 7)). After the third passage cells were re- 
plated only into the flasks from which they had been removed. 
Embryos at 12 d of gestation from non-irradiated hamsters 
of the same litter served as controls and were cultured as above. 

Transformed cells were initially identified by their altered 
morphology and growth patterns! =+. An additional criterion 
of transformation is the ability of cells to grow in low serum 
concentration, which will not support the growth of normal 
cells. Cells which, from morphological considerations, seemed 
to be transformed were isolated and grown into mass cultures 
in medium fortified with either 10°, or 1°, foetal calf serum. 
The ability of the cells to "proliferate at the lower serum con- 
centration served as an immediate and simple check of their 
transformed nature. : 

Within 30-40 d (7-9 passages) after primary cultures had 
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been established from irradiated embryos, cell transformation 
was observed in four out of five experiments. In each experi- 
ment five to six foci were isolated and*a number of cell lines 
were established. Two established transformed lines designated 
LSH 1 and LSH 5, each from a different experiment, have been 
studied extensively. The results of these investigations are sum- 
marised for LSH 5 in Table I. 

Chrogiosome analysis carried out at early passages after 
transformation (see Table |) indicated that the modal number 
of the transformed cells was close to the diploid, 44. The 
number of chromosomes per cell in LSH | ranged from 40 
to 56; modal chromosome number 46 (in 40°, of the cells), and 
in LSH 5 the range was 38-60, modi chromosome number 48 
(in 30°. of the cells). There was no difference between the 
banding patterns of specific metaphase chromosomes from the 
transformed celis as compared with the normd!. ss 

While the two lines differed from one another in their 
saturation density, they both reached a higher saturation 
density than the normal cells in the two sets of conditions. 
The doubling time of the transformed cells of both cell lines 
was about 16 h which does not differ greatly from thgt of nor- 
mal cells grown in optimal condition (Table 1). 

A scanning electron microscopy study indicated that the 
cells which express transformation in vitro following X-ray 
irradiation i utero are similar to those transformed in vitro”. 

Changes in cellular surface microstructure, following neo- 
plastic transformation, result in the ability of the transformed 
cells to beagglutinated by low concentrations of plant lectins 9. 
The normal counterparts are not agglutinable at similar con- 
centrations (Table 1). The ability of transformed cells to grow 
in agar is associated with their loss of anchorage dependence. 
Normal cells derived from solid tissue do not form colonies in 
semi-solid agar. Following an incubation period of 2 weeks in 
0.33%; agar!! the control plates showed no sign of colonies, 
while the plates containing the transformed cells exhibited 
distinct colonies with a plating efficiency of 5°, and 10°, at 
passage nine for LSH I and 5, respectively. 

We investigated some biochemical markers associated with 
the neoplastic state of the cells; namely the fibrinolytic activity 


+ 
Fig. 1 Thin-layer chromatogram of gangliosides from normal 
hamster embryo cells and X-ray transformed LSH 5 celis. 
Lane | gangliosides in control cells, lane 2 ganglioside standards, 
and lane 3 gangliosides in X-ray transformed cells. Note that 
in the transformed cells gangliosides hegher than GM3 are 
absent. Analysis was by Drs P. H. Fishman, R. O. Brady and 
R. M. Bradley, using published procedures". 
+ 
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r Table 1 Characteristics of LSH 5 cells transformed in utero by X-irradiation 


, Normal Transformed Tumour 
(Secondary culture) (4th to 30th passage after {ist to 10th passage) after 
isolation) : e  reculturing 
Karyotype Diploid Near diploid Aneuploid 
Growth in culture Monolayers Multilayers Multilayers 
Saturation density no. of cells cm =~? . 
in 10% serum 7.6 x 104 1.8 x 10° 1,5 x 10° 
in 1° serum Minimum growth 10° 10° 
Doubling time | . 
in 10% serum 16+-2h ~—«*1442h 16+2h 
in 1° serum 905 h 24+2h 25+2h 


Morphology—scanning 


Flat and regular surface 
electron microscope e 


. Pleomorphic with complex 
features except during mitosis 


Pleomorphic with complex 
surface features throughout the 


cell cycle cell cycle 

Agglutinability by con A (20 pg mli~!) —- -4 + 

and WGA (50 pg mi~!) 
Plating efficiency ° 

“n 10° serum 2.75 +1% 52.55.53% 49.56.53% 

in t% serum 0.05 + 0.05 % 5.54+2.5% 6.0+-2.5% 
Efficiency in 0.33°% agar ° 0 10% 30% 
Plasminogen activator low high high 
Lysosomal hydrolases: phosphatase low high high 
Producton of MIF ° absent high high e 
Gangliosides Presence of full range’of Absence of gangliosides Absence of gangliosides 


gangliosides 
Presence of radiation leukemia virus om 
Tumorigenicity 
(invasive malignant sarcomaseand 
carcinomas) 


higher than GM, 


higher than GM, 


none 29/30 Transplantable 12/12 
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Cells were cultured from a malignant sarcoma which grew in the syngeneic host following subcutaneous (s.c.) injection of 10° of the trans- 
formed cells and from normal embryonic cells of a secondary culture. Irradiations (see text) were performed in a parallel opposed set-up, so that 
animals were irradiated simultaneously from above and below with two X-ray tubes operated at 180 ky, 30 mA, with added filters of 0.28 mm 
aluminium and 0.28 mm copper. The dose rate in the position occupied by the animals was 250 rad min~?. Embryos were removed within 
30 min of irradiation. Primary cultures were established by progressive dissociation of the minced fresh tissue". Cells (2 x 10°) were seeded into 
eight 75 cm? flasks (Falcon) and incubated at 37 C in a humidified incubator with a constant flow of 5%, CO, in air. Medium, composed of 
Dulbecco's modified Eagle’s medium fortified with 10°, foetal calf serum (Grand Island Biological), was replaced 12 h after seeding and the 
cells were allowed to grow to confluency. Cells were passaged twice a week at a ratio of 1:2 (see text). Transformed foci were observed at pass- 
ages 7-9 in 6 or 10 of 64 flasks. Foci were isolated using reported techniques’. Chromosomes were analysed at the 6th passage after isolation 
using quinacrine fluorescent banding**. Saturation densities and doubling time were determined by seeding 10° cells in 60-mm Petri dishes in 
medium containing 1% or 10% foetal calf serum and following cell growth daily with a Coulter counter. Methods used for scanning electron 
microscopy”, testing for concanavalin A (con A) 20-50 pg mi~ and wheat germ agglutinin (WGA) 20-50 pg mi~ induced agglutination”, 
colony formation in 0.33% agar'!, testing plating efficiency{PE; PE = (No. clones countered/no. cells plated) x 100), and assays of fibrinolytic 
activity (plasminogen activator)!*, migration inhibitory factor (MIF), lysosomal acid hydrolases!*, ganglioside content and presence of 
radiation leukaemia virus'* were as reported before. Tumorogenicity was established by s.c. injection of 10°-10" cells in 0.1 ml of serum-free 
medium into 2-week-old syngeneic hosts or into the cheek pouch of allogeneic LHC strain ham&ters. Portions of the tumours were fixed and 
stained for histopathological examination and other portions were implanted s.c. in 2-week-old syngeneic hosts; a third portion of the tumours 
was cultured iv vitro". Cultured tumour cells were studied as described for the transformed cells. In quantitative studies cells were freshly dis- 
sociated from embryos irradiated with 300 rad in utero and cloned on feeder cellst?, Seeging levels were 2 x 10°~10" cells per 60-mm Petri dish 
(Falcon); 400 dishes were used in each assay. Non-irradiated embryos cultured in the same manner served as controls. The criteria for trans- 





surface features throughout the = 


formation and the analysis of transformation rate were as before! ~, 
e 


of the transformed cells, the release of macrophage inhibitory 
fattor (MIF), the pattern of cellular lysosomal hydrolases and 
the ganglioside content of the cells. Fibrinolytic activity}? 1 
of the transformed cells was over 20-fold greater than normal; 
MIF activity’? was confined exclusively to the transformed 
cell population. Out of 15 cellular acid hydrolases which were 
determined fluorometrically'® only acid phosphatase seemed 
to be significantly elevated in the transformed cells (a twofold 
increase over the normal). While the full range of ganglio- 
sides!” 1" was present in the normal cells the transformed cells 
showed a complete absence of gangliosides larger than GM, 
(see Fig. 1). ê 

Experiments performed by Drs H. S. Kaplan and A. Dèclève, 
using a reported immunofluorescent assay!", demonstrated 
that there was no radiation leukaemia virus (Rad LV) present 
in the radiation transformed cell lines. 

The critical assay for the malignant nature of transformed 
cells is their ability to give rise to tumours when injected into 
appropriate hosts. The cells transformed in utero by radiation 
and cultured into cell lines i vitro have all given rise to tumours 
in syngeneic LSH hamsters and also in hamsters of the LHC 
strain. All animals were 2 weeks old when injected. The 
tumours were characterised as non-metastesising malignant 
invasive sarcomas or carcinomas (Fig. 2). They grew pro- 
gressively and killed the animals. 

The tumours are transplantable and have been cultured in 


vitro. The morphological and biochemical properties of the 
cells cultured from the tumours are similar to those of the 
original transformed cells (Table 1). 

Malignancy varied from one transformed cell line to another 
(details to be reported elsewhere). In the 2 lines discussed 
above 10° cells of LSH 5 and 10° cells of LSH I can induce a 
palpable tumour, 2 cm in diameter, within 2 weeks after in- 
jection. Our quantitative studies on transformation in utero 
are Outlined in the legend to Table 1. In three experiments 
we observed a transformation rate ranging from 0.07, to 0.1 
following a dgse of 300 rad. This frequency is about tenfold 
lower than that obtained in earlier in vitro experiments. It is 
closer to the frequency observed in some of the studies carried 
out in vivo’. . 

Several intriguing questions are evoked. Does the host 
mediate in modulating transformation by radiation? Is there a 
repair of transforming events before they can be expressed? 
How significant is the state of cells during irradiation in deter- 
mining the rate of transformation? It is well known from 
in vitro studies that cell replication is required for fixation 
of the transformation?’*}>, With the in vitro technique, cells 
are seeded as single cells with ample opportunity to divide. 
In addition, of course, they are not in contact with one an- 
other, and constitute a mixture of cell types from many tissues. 
in utero the situation*is quite different; the embryonic cells 
are irradiated as tissues where there is cell to cell contact in 
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Fig. 2 Section of 3-week-old malignant invasive carcinoma 

growing in a Syrian hamster following s.c. injection of 5- 10° 

cells of a cell line (LSH 5) transformed in utero by X-ray irradia- 
tion ( = 220), 


. 
tissue-specific arrangements, and where the rate of cell replica- 
tion varies with the tissue. It remains to be seen which of these 
factors, if any, is responsible for the lowered yield of trans- 
formed cells characteristic of in utero as Opposed to in vitro 
irradiation. 

We thank Dr Jacob Furth for histopathological examination 
of tumours. and Drs*l. B. Weinstein, W. G. Johnson and G. 
Poste for help with the assays of plasminogen activator, 
lysosomes and MIF, respectively. This work was supported 
by the US NCI and ERDA. a 
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Local inhibition of centripetal — - 
particle transport where LETS 
protein patterns appear on 3T3 cells 


WE try here to establish a link between a motility phenomenon 
in animal cells and the presence of the so-called ‘large external 
transformation-sensitive (LETS) protein on the surface of the 
cells. Through studies of this protein a new and still puzzling 
aspect of animal cell surfaces became ‘apparent. Originally 
discovered as a major surface glycoprotein of molecular weight 
220,000—-250,000 which disappeared on cell transformation 
(for review, see ref. 1), it has since become quite likely that 
various differently named surface glycoproteins galacto- 
protein a (ref. 2), fibroblast surface antigen’, Zeta projein', 
‘cell-surface protein’ (CSP), and ‘cold-insoluble globulin’ 
(CIG)*-*—which were studied itdependently by different 
investigators, are identical to or at least very closely related 
to LETS protein. R 

If studied by the methods of indirect immunofluorascence, the 
distributions of LETS protein on the dorsal surface of fibro- 
blastic cells show intriguing aspects. The protein distribution 
patterns, or at least their antigenic availability, seem to originate 
from cell-cell contact areas’. Later on, the protein can cover 
large cell surface areas in the form of streaks, indicating a major 
inhomogeneiy in the cell surface composition. Furthermore, 
it does not remain localised on the cell which produced it. In 
several-day-old cultures it can form three-dimensional fibrous 
networks which span between cells throughout the whole 
culture. The biological function of this protein is not yet entirely 
clear; however, it has been found to restore normal cell mor- 
phology in transformed cells', to correlate inversely with 
tumorigenicity”, and to change from a dense fibrillar network 
in prefused myoblasts (Yaffe’s rat myogenic cell line LS) to a 
sparse det pattern in myotubes". 

The centripetal surface flow'?~', that is, the radial transport 
of particles attached to the cell surface along that surface at 
speeds of 0.2-3 pm min ' towards the perinuclear region in 
cultured fibroblastic or epithelial cells (see Fig. 2), is another 
quite puzzling surface phenomenon. It is not restricted to the 
cell body but is also expressed on the surface of lamellipodia, 
blebs and even in the only 0.2-um thin needle-shaped filo- 
podia", At present, neither a molecular mechanism nor a 
cellular structure are known which tould explain this uni- 
directional and radial particle movement. Although it is 
generally believed that the witole cell surface flows constantly 
towards the nucleus'®:?!, it is not yet ruled out that the particle 
movement may be induced only locally at the site of encounter 
between the cell surface and non-cellular material. 

Assuming a constant centripetal flow, one might expect that 
fibrillar surface components like LETS protein eventually have 
to orient themselves parallel to the radial flow lines. The 
complex distribution patterns of LETS protein of all cell lines 
investigated so far seemed hard to reconcile, however, with a 
radial centripetal flow (see Fig. 1). One may suspect, therefore, 
that the flow has ceased in areas covered with LETS protein. 

Indeed. the observation of movements of fluorescent anti- 
body-labelled LETS protein patterns in live 3T3 cells showed 
only slow distortions of the fibre arrangement (Fig. 1). LETS 
protein fibres could stretch, shorten, fold, move towards or 
away from the nucleus; however, the combined movements 
seemed to be unidirectional and very slow. We also observed 
gold particles of 2,000-4,000 A diameter (particle clusters up to 
| um diameter)" which had attached to the dorsal cell 
surfaces inside an area covered with LETS projein, and did not 
find that they moved centripetally. 

One may argue that these experiments do not reflect the 
natural cell surface movement any more, because the antibody 
treatment, necessary for the visualisation of LETS protein 
patterns, influenced the cells. Therefore, we allowed 3T3 cells to 
first centripetally transport the gold particles, and subsequently 
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detected the LETS protein on the dorsal cell surface by indirect 
immunofluorescence with CIG antibody. Figure 2 shows in the 
case of isolated cells tWo stages of the radial and centripetal 
movement of the particles from the cell edge where they were 
picked up, towards the perinuclear region (Fig. 2a) where they 
accumulated and eventually became internalised (Fig. 25), It 
took 4-6 h before 10-20 °; of the cells had accumulated sufficient 
particles to show recognisable particle rings around the nucleus. 
The rings of particles (Fig. 2a) were not always completely 
closed, not even in isolated cells. 

Four hours after exposure to gold particles—that is. before 
the particles became internalised, we fixed 3T3 cell cultures on 
glass coverslips and stained*them for LETS protein. The result is 
Shown in Fig. 3. Cells which were able to accumulate the gold 
particles all round the nucleus in the form of a ring showed only 
a few patches or no LETS protein at all (Fig. 3a, cell a), whereas 
cells with extended patterns of LETS protein still had the 
particles scattered randomdfy all over their surface (Fig. 3a, 
cells b and c). We also observed quite a few cells with incomplete 
gold rings. In many such cases the ring segment marked a cell- 
surface segor without LETS protein, whereas the complementary 
sector contained extended LETS protein patterns (Fig. 3b). We 
never found a big particle cluster on top of an extended LETS 





Fig. 1 Movements of LETS protein patterns on liye 3T3 cells. 
Bar indicates 10 um. 3T3 cells grown for 3 d on glass coversli~ 
in DME -+ 10°, calf serum were washed in DME. incubated 
at 37 C for I$ min in rabbit anti-cold-insoluble globulin anti- 
body (anti-CIG antibody) in DME (dilution 1:80), Anti-CIG 
antibodies bind to LETS protein'* and also stain the same 
cellular structure as anti-LETS antibodies**"', CIG antigen 
purification and antibody preparation were as described pre- 
viously". After a further washing in DME, the coverslips were 
incubated for 15 min at 37 C in DME containing fluoresceiniso- 
thiocyanate-labelled goat anti-rabbit IgG (Meloy, Springfield, 
Virginia; diluti@n 1:20), washed again, and returned to DME 
= 10°, calf serum. Live cells were observed in a Zeiss Photomicro- 
scope II] (63x; N.A. 1.4) as described previously**. a, LETS 
protein pattern on the dorsal surfaces of two adjacent 3T3 cells. 
Pictures were taken such that a phase-contrast image was 
created by the illumination from below the stage while an epi- 
illuminator produced and superimposed the fluorescent image. 
bh, Same pattern 48 min later. 
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Fig. 2 Centripetal transport of gold particles in 3T3 cells. 
(Scanning electron microscopy; bar indicates 10 um in hori- 
zontal direction.) Swiss 3T3 cells (Dr H. Green, MIT) were 
grown for 2-3 d on glass coverslips in DME supplemented with 
10°; calf serum. After adjusting a colloidal suspension of gold 
particles” to 290 mOsm by adding 49 mg mi~ D-glucose 
(Baker, Phillipsburg, New Jersey), the 3T3 cell cultures were 
rinsed in PBS and incubated for 5 min in gold suspension at 
37 C. During this time the particles settled on top of the sub- 
Strate and dorsal cell surfaces. The density of adherent particles 
is much higher in the substrate than on the cell surfaces. After 
exposure to gold partigles, the coverslips were washed, incubated 
again in DME + 10°, calf serum and returned to the incubator. 
Cells of cultures which are 3 d old or younger often retracted 
Slightly after the staining procedure, but reverted rapidly to 
normal morpkology. a, Isolated 3T3 cell with a complete ring of 
particles (arrow) 4 h after exposure to the staining procedure 
(tilt angle 60°). b, Another cell 22 h after staining. Between 12 and 
22 h the rings of particles become internalised, as seen by the 
blurred image of the ring which is now below the cell surface 
(tilt angle 45°), 


protein pattern. Clusters were often located, however, at the 
2dge of a pattern. 

These observations suggest that the particles cannot move 
radially into or inside areas where LETS protein covers the cell 
surface in the form of extended patterns. One would expect, 
therefore, that removal of LETS protein from the cell surface 
would increase the centripetal transport of particles. 

During a 10-min treatment of a 3T3 cell culture with 5 pg ml ~ 
trypsin in Dulbecco’s Modification of Eagle's medium (DME), 
the predominant component removed from the dorsal cell 
surfaces is LETS protein*:'*-*"; yet the cells show no detectable 
shape alteration in response te this treatment. Therefore, 3T3 
cells, grown for 5 d on glass coverslips, were washed in DME 
and incubated at 37 C for 10 min in DME cofttaining 5 
ug ml~' trypsin (Miles Laboratories, Kankahee, Illinois) and 
then returned to their previous culture medium for 45 min. 
Control cultures were similarly treated with DME or DME 
containing 5 pg ml? thrombin (Dr J. Fenton, Albany, New 
York) since it has been shown earlier that neither treatment 
affects the LETS protein*’. Subsequeny, the cells were exposed 
to gold particles as described ine Fig. 2, andereturned to their 
previous culture media for 4 h. After fixation of the prepara- 
tions, we determined the percentage of cells which had accumu- 
lated particle clusters. In 20 ragdomly selected fields we counted 
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Fig.3 Mutual exclusion of extended LETS protesn patterns and 
areas with centripetal particle transport (bar indicates 10 pm). 
3T3 cells were grown for 5d without medium change on 12 - 
|2-mm glass coverslips and incubated in gold particle suspension 
as described in Fig. 2. Four hous later, the cells were fixed in 
3.5%. formaldehyde in PBS and incubated for 30 min at 37°C 
with antieCIG antibody in PBS (dilution 1:80). After a further 
washing in PBS, the coverslips were incubated for 30 min in DME 
containing fluoresceinisothiocyanate-labelled goat anti-rabbit 
IgG (dilution 1:20), washed again, mounted and observed in the 
same conditions as described in Fig. 1. a, 3T3 cell (a) with a 
complete ring of gold particles (arrow) and no | ETS protein on 
the surface. and two other cells (b, c) with extended LETS pro- 
tein nets but no particle ring. Randomly scattered small particle 
clusters are indicated by small white arrows. Big particle clusters 
appear black. b,eIncomplete particle ring (arrow) with LETS 
protein patterns covering the complementary ring segment. 
Opposite to the ring a ‘barrier’ of LETS’ protein can be seen and 
behind it many particle clusters (arrow points to one of them), 
which were not moved towards the nucleus (d). 
o 
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approximately 300 cells in each prepamation and found the 
following percentages of cells with particle çlusters. (Standard 
deviations describe variations over the selected fields). DME 
5 ug ml”! trypsin: 64°, (s.d. 15%); DME- 5 pg mi throm- 
bin: 20°. (s.d. 8%); DME: 13% (s.d. 10°,). The three- to 
four-fold increase in particle accumulation by the trypsin- 
treated cells compared with controls suggests that removal of 
LETS protein from the cell surfaces does increase the speed 
and extent of the centripetal particle transport around the cells’ 
perimeters. 
It seems. therefore, that the centripetal transport of surface- 
attached particles and, perhaps, the surface flow itself are 
locally inhibited by those surface’ networks which are pre- 
dominantly built of LETS protein. It remains to be seen whether 
there is an inhibitory effect of LETS protein on cell motility in 
general, as was originally postulated by Hynes**. In view af the 
observation that LETS protein networks seem to originate from 
cell-cell contacts, the possibility that those networks inhibit 
surface flow seems to offer an intriguing mechanism of cell-cell 
interaction: It would suggest a way by which the surface 
movements in two or more cells become altered depending on 
direction and extent of their mutual contacts. 
We thank Dr J. D. Watson for encouragement and support 
and Dr F. Solomon (MIT) for discussions. The experimental 
help of R. Lancaster, the photographic work of Ms S. Chait, 
and the excellent typing of Ms Madeline Szadkowski are 
gratefully acknowledged. This work was supported by the 
Cold Spring Harbor Laboratory Cancer Center (National 
Cancer Institute). G.A.B. is supported by the National Science 
Foundation. L.B.C. is supported by a fellowship from the 
Muscular Dystrophy Association. 
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Complement enhances antiviral 
antibody-dependent cell cytotoxicity 


ANTIBODY-DEPENDENT cell cytotoxicity (ADCC) ts an i vitro 
phenomenon that can be demonstrated with a variety of target cell 
systems and can be mediated by several types ot effector cells’ 

The effectors in ADCC must bear a surface receptor for Fe, and 
this receptor binds with antibody which is in turn bound to the 
target cell. Only certain classes and subclasses of immunoglobulins 
can sensitise cells for ADCC**. Although the presence of a Fe 
receptor is necessary for ADCC, it is not sufficient since cells 
bearing such receptors may fail to mediate ADCC against a 
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EE it shail be the duty of 

every employer to ensure, 
so far as is reasonably 
practicable, the health, safety 

_ and welfare at work of all his 
employees...the matters to 
which that duty extends include 
in particular—the provision 
and maintenance of plant and 
systems of work that are, so far 
as is reasonably practicable, 
safe and without risks to" 


Fume cupboards 


A poorly designed fume cupboard 
or fume extraction system can allow 
dangerous and corrosive fumes to leak 
back into a laboratory, which can 
not only ruin expensive 
instruments but also injure or even’ 
kill people working in theroom. | 

MorganandGrundyare 
specialists in the science of fume 
extraction and, to meet every 
conceivable need, our design engineers 
have evolved the widest range of fume 
cupboards in Europe. 


Circle No. 03 on Reader Enquiry Form. 









SAF, 


E Elt shall be the duty of 
the person having control of 
any premises...to use the best 
practicable means for preventing 
the emission into the atmosphere 
from the premises of noxious or 
offensive substances and for 
rendering harmless and 
inoffensive such substances aS 
may be emitted. Aad 


Fume Scrubbers 


Morgan and Grundy can supply Fume 
Scrupbers to remove aerosols and vapours 
from fume extraction exhausts. The exhaust 
gases are fed into the ‘wet’ side of the 
scrubber and a suitable liquid (caustic 
solution, for example, for acid vapours) is 
pumped in as a fine jet at the top. It is 
dispersed over a medium and picks up 
the vapour. The cleaned exhaust airis then 
forced up the'dry’ side of the scrubber to 
remove the majority of the moisture prior 
to releasing it 













, to atmosphere. f 


sna 
ba a 
- Mt 


How to get in onthe act 
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ALF € it shall be the aay 
of every employer to 
conduct his undertakings in 
such a way as to ensure, so far as 
is reasonably practicable, that 
persons not in his employment 
who may be affected thereby 
are not thereby exposed to rieks 
to their health or safety. Aa 


Filters 
One type of filter supplied by 


| Morgan and Grundy cleans input air, the 


other removes contamination from the 
exhaust. The Absolute Filter shown here, 
for example, can be mounted singly orin 
banks to remove raoroacuve material from 
exhaust gases 
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Ducting 


inthe design of fume extraction 
systems, Morgan and Grundy specify the 
most suitable ducting material and ensure 
that noise levels are kept to a minimum by 
the use of swept bends and fittings and the 
use of ducting of sufficient cross sectional 
area to maintain a velocity of between — 
300/395m/min. l 

Where condenŝation is liable to 
occur adequate falls are allowed, with 
suitable drain points. 

Where necessary we fit fire dampers. 
This especially applies where PVC ducting 
passes through fire break walls. 

if you're concerned with Health and 
Safety at work and you want to get in on thé 
act, we'll be pleased to help. 


aw 


Morgan and Grundy Ltd. 


The laboratory makers 





| Cowley, Uxbridge, Middlesex, UB8 2DY. 
} Tel:0895 38551 Telex:934306. @ables:Grundynamic Uxbridge. 
ÀA member of the GrundyGroup. . 
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NEW: 
one | 

labelled 
nucleotides 


Be I] lodocytidine 5-triphosphate, 
sodiurrsalt : IM.101 





5-['°|] lodo-2’ -deoxycytidine A 

F triphosphate, sodium salt IM103 
* prepared every 4 weeks 
* Specific activity > 1400Ci/mmol 


* extensively tested in independent 
laboratories 


Please enquire forfurther details. 





i Ld 
The Radiochemical Centre ` 
Antersham 
The Radiochemical Centre Limited, Amersham, England. 
Tel: Little Chalfont (024 04) 4444. 
in the Americas: Amersham/Searle Corp, Illinois 60005, 
Tel: 312-593-8300. 
in W. Germany: Amersham Buchler GmbH & Co, KG, 
Braunschweig. Tel: O5807-4693-97 
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REASON, 
EXPERIMENT & 
MYSTICISM IN THE 


SCIENTIFIC 
REVOLUTION 


Edited by 
M. L. RIGHINI BONELLI AND 
WILLIAM R. SHEA 


Unti recently mysticism was exciyded from the 
history of science and medicine on the grounds e 
that it was irrelevant to the mainstream of 
scientific thought. New developments in the 
philosophy of science have cast doubt upon the 
overall achievement of modern science. 
Consequently the distinction between steps in 
the progress of science that have led to grèat 
discoveries, and those which have led to dead 
ends has become blurred. This means that 
historians of science have had to busy 
themselves with talse starts as well as 
successful arrivals. 


inthis collection of essays by outstanding 
European and American scholars the interplay 
between reason, experiment and mysticism in 
the scientific revolution of the seventeenth 
century is discussed and the crucial question is 
asked: are mystical traditions and ‘modern’ 
elements in the scientific revolution antagonistic 
or, paradoxically. complementary extremes? 


£1G.00 


- LORD KELVIN 
& THE AGE 
OF THE EARTH 


JOE D. BURCHFIELD 


A controversial figure during his lifetime. Lord 
Kelvin's wide-ranging interests led him to 
become involved in a publig dispute on the 
validity of the doctrine of uniformitarianism in 
geology. 

Equally at home with both the abstract theories 
and the practical applications of science. Kelvin 
was an accomplished mathematician. a 
successful engineer, and a scientific theorist 
whose interests ranged over every branch of 
physics including physical astronomy and 
physical geology. 

This book discusses Kelvin's influence on late 
Victorian geology, his passionate belief that 
uniformitarianism ignored the established laws of 
physics and that a great reform was needed to 
return geology to the path of true science. jt 
desgribes the disputes in which Kelvin's beliefs 
involved him with such eminent scientists as 
Darwin, Huxley and Wallace, and how his 

theories influenced their work. 


£10.00 


For further details please write to 
Rosemary Hamilton (M), 
The Macmillan Press, Litte Essex Street, 
London WC2R 3LF 
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particular target >% Similarly, union of effectors with targets 
by means of a different receptor such as the complement receptor 
may not result in cytotoxicity’. Whether the. 
different cells at mediating ADCC depends on th 
affinity of Fe receptors, whether a cooperation between 
different types of surface receptors is needed'!° or whether some 
property of the target cells decides the outcome of contact between 
effectors and targets, has not been established. It is likely that 
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Specific *'CR release ( 


© compared to that without complement. The back ground releases ranged from 6.7%, at lh to 18.4% at 21 hin media alone and from 8.9% at | hto ou, 
¿21 hin the presence of complement. d, Enhancement of lym phocyte-mediated ADCC by rabbit complement. Lymphocytes were collected from. 
_. peripheral blood by Ficoll-Hypaque flotation and were further purified by passage over glass wool to remove adherent cells'*, The preparation gavea 
~ low level of specific >'Cr release (2°) at the highest concentration of serum tested, possibly due to some rémaining macrophages or neutrophils. The 

~ saassay was performed for 6 hin the presence or absence of 1/70 final concentration of rabbit complement. The level of specific release by complement in 
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Fig. la, Enhancement of neutrophil-mediated ADCC at various effector-to-target cell ratios by rabbit com plement. Neutrophils were collected fror 
the bovine mammary gland and purified'*. Target cells were infected with IBR virus and labelled with Na, *'CrO, 16h before the start of assays 
Target cells were sensitised with a 1/800 final concentration of hyperimmune bovine anti-IBR serum. Rabbit complement was added at a finat - 
concentration of 1/70. At this concentration, lysif of antibody-sensitised target cells in the absence of effector cells was 2% above: 
back ground (12% in a 6-h assay). Assays were performed in microtitre trays’. The percentage specific *'Cr release was computed by the formula — 
+ 
oe radioactivity in test supernate — control 7 

specific release (5) aeee eae a E 
total releasable radioactivity — control s 
The neutrophils in the absence of anti-IBR serum failed to give release of 5 'Cr above background either in the presence of media alone or media plus 
1/70 rabbit complement. EC. effector cells: Ab, anti-IBR serum; C, complement, b, Enhancement by complement of neutrophil-mediated ADCC at 
different concentrations of anti-IBR serum. Assay as for (a). The assay was run at a neutrophil/target cell ratio of 100:1. The final antiserum 
concentration atJevel ] was 1/100 and 8, 1/12,800. Rabbit complement was included at a final concentration of | /70.c, Enhancement by complement of 
neutrophil-mediated ADCC at different durations of assay, The neutrophil/ target cell ratio was 100:1, the final concentration of sensitising anti-IBR 


serum 1/800 and rabbit complement 1/70. Figures at the top of each column refer to the ma gnitude of the specific release in the presence of complement 
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the absence of effector cells was 5% at 1/50, 3% at 1/100 and 2%, at 1/200 of anti-IBR serum. respectively, 
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ADCC and, furthermore, permits cells to mediate ADCC that in 
the absence of complement could not do so. 

Previously, we have described the cell types and conditions 
necessary to demonstrate ADGC against bovine antibody sensi- 
tised bovine target cells infected with infectious bovine rhino- 
tracheitis (IBR) virus- bovine herpesvirus®. We have compared 
several cell types and have shown that neutrophils perform best 
and that lymphocytes fail to mediate ADCC'*. Lymphocytes. 
however, do show activity against erythfocyte target cells®. We 
hypothesised that since the cells that mediate ADCC had comple- 
ment receptors as well as Fe receptors’ '-'*, then if bonds between 
effectors and targets were additionally engaged by the complement 
receptor then cytotoxicity should be enhanced. Such enhancement 
should be more apparent in those conditions where cytotox- 
icity was submaximal, such as low effector-to-target cell ratios, 
low concentrations of sensiusing antiserum and short term assays. 
That the addition of complement does enhance ADCC is shown in 
Figs 1-3. Also shown are data that support the predictions 
enhancement was more apparent at low effector-to-target cell 
ratios (P%g. la), low concentrations of sensitising antiserum (Fig. 
16) and short duration assays (Fig. 1c). One explanation for the en- 
hanced cytotoxicity could be that in addition to®A DICC we were 
also observing antibody-complement mediated cytotoxicity. This 
possibility was considered remote since the levels of complement 
used in the experiments either failed to exhibit or gave only low 
levels of cytotoxicity against targets in the absence of effector cells. 
At high complement concentrations, however, such antibody- 
complement cytotoxicity was observed, indicating that the mat- 
erial did possess complement activity (data not shown). Further- 
more, the rabbit complement preparation was not providing an 
additional sensitising antibody since heat inactivated material 
failed to give enhancement. 

Not only could the addition of complement lead to enhance- 
ment of cytotoxicity, but cell types incapable of mediating ADCC 
against the virus-infected cells could be made to do so by the 
addition of complement. Thus lymphocytes alone could not 
mediate ADCC (Fig. Id). but ADCC became readily apparent on 
addition of complement. 

These experiments Support the hypothesis that multiple binding 
of effectors to target cells will be followed by enhanced cytotox- 
icity. It needs to be established if the effect is the result of a more 
tenacious bond or has some other explanatien such as the 
generation of a biochemical signal that results in target cell lysis. 
Finally, since ADCC has been considered as an in vitro model for 
an antiviral mechanism of defense”, the implications of our results 
should be considered in terms of the possible part that complement 
might have in enhancing recovery from certain viral infections. 

This work was supported by the MRC of Canada. We thank 
Terry Beskorwayne for tachnical assistance. 
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Selective incorporation of H-2 antigenic 
determinants into Friend virus particles 


IN susceptible mice, Friend murine leukaemia virus (FV) 
produces fatal erythroleukaemia! characterised by rapid onset 
of splenomegaly and viraemia in 4-5 d and leading to the death 
of the animal in as little as 3~4 weeks. In the replication of this 
enveloped, C-type RNA virus, assembly occurs at the surface 
of infected cells where the particles mature by budding*. We 
have examined the question of whether host cell surface 
glycoproteins are incorporated int the virion as the host cell 
membrane becomes part of the completed particle during the 
budding process. In particular, serologically identifiable 
alloantigens governed by the H-2K and *H~2D genes of the 
major histocompatibility complex and found on cell surfaces 
have been sought in lysates of serum-derived FV. 

Serum collected from mice infected 10-14 d previously with a 
high dose of NB-tropic FV was the source of virus, After 
clarification of the serum at 6,800g, virus was pelleted by 
centrifugation at 100,000g. The pellet was resuspended in 
buffered saline containing detergent (Nonidet P-40, 0.25%) 
to disrupt the virus. This preparation was then examined for the 
presence of H-2K and H-2D antigens of the host mouse by 
determining its capacity to inhibit the cytotoxic activity of 
various anti,ff~2 antisera. Figure 1 shows the results of an 
experiment with virus collected from the serum of FV-infected 
(BALB/c x BALB.B)F, mice (H-2°/H-2°). The preparation 
was tested for its capacity to inhibit the complement-mediated 
lysis of uninfected (BALB/c x BALB.B)F, lymph node target 
cells with antisera monospecific for either H-2K°, H-2D", 
H-2K* or H-2D* antigenic specificities (Table 1). Only lysis by 
anti-H-2D° antiserum H{Ax HTDF, anti-EL4; H-27/ 





Anti-H-2 antisera characteristics 


Alleles 
recognised 


(A x BALB.B) F, anti-BALB/e H-2K‘, H-21° 
BALB.G anti-BALB/c H-2D4 


Table 1 





Private 
specificity 


(A x BALB.G) F, anti-BALB.B H-2K°, H-21°,H-2S” H-2K.33 
(A x HTH F, anti-EL4 H-2D* H-2D.2 
BALB/c anti-BALB.G H-2D°" , H-2D.2 
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H-2' anti-H-2°} was detectably inhibited (Fig. Ia). An 
identical pattern of inhibition was seen using a second anti- 
H-2D° antiserum (BALB/c anti-BALB.G; H-2° anti-H-2*) 
raised against normal spleen cells rather than EL4 tumour cells. 
Similarly, in virus grown in (C57BL/6 « DBA/2)F, mice, which 
are also H~2°/H-24 heterozygotes but with a different genetic 
background, H-2D° alloantigen but not H-2K°, H-2K * or 
H-2D* was detected. Neither sham virus preparations made 
from non-viraemic BALB.B mouse serum nor preparations made 
from viraemic BALB/c mouse serum produced inhibition of 
lysis by any Sf the four antisera (data not shown). 

Several criticisms of the experimental techniques used are in 
order, The augmentation of lysis in the presence of virus above 
controls is difficult to rationalise (Fig. 1b, cand d). It is not due 
to the NP-40 detergent, since controls contain identical amounts 
of detergent. A contaminant in the 100,000g pellet may be 
responsible, because no such augmentation of lysis was ob- 
served in recent preliminary experiments using sucrose density- 
gradient purified virus. Contamination was not the cause of 
inhibition of anti-H-2D°-mediated cytolysis, however, for 
three reasons. First, inhibition of lysis by contaminating plasma 
membranes would be expected to produce inhibition of all four 
antisera. Second, BALB.B (H-2°) non-viraemic serum pre- 
parations were not inhibitory. And third, BALB/c (H~2°%) virus 
preparations were also not inhibitory. Thus, H-2D° was the 
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° Virus dilution 


Fig. 1 Serum, prepared from blood collected from (BALB.B 
x BALB/c)F, mice given 10t spleen focus forming units of 
Friend virus 10-14 d previously, was centrifuged at 6,800g for 
15 min and the supernatant recovered After re-centrifugation 
of the serum at 100,000g*for 90 min, the supernatant was dis- 
carded afid the pellet resuspended in 0 ! ml phosphaté-buffered 
saline (PBS) containing [mM EDTA to which was added 0.01 
mi of a 2.75% (v/v) solution of NP-40. After i h incubation at 
4°C, 011 ml of a 25% (w/v) bovine serum albumin (BSA) solu- 
tion was added to neutralise the NP-40 and the entire mixture 
diluted 1:8 with medium 199 containing 20% foetal calf serum. 
Control preparations, lacking viraernic serum pellets, contained 
only PBS, EDTA, NP-40, BSA and 199 with 20%eFCS in pro- 
portions identical to virus preparations. One-tenth ml of either 
virus or control preparations was aliquoted into 5-mi Falcon 
plastic culture tubes tn serial twofold dilutions. To these was 
added 0.1 ml of monospecific anti-H~2 antiserum appropriately 
diluted in 199 with 20% FCS After 10 min incubation at room 
temperature, 005 mi of "Cr-labelled (BALB.BxBALB/c)F, 
mesenteric lymph node cells (10° ml ~) was added followed by 
the addition of 0 05 mi of neat guinea pig serum as a complement 
source. After 1 h at 37°C in a 5% CO, atmosphere, 0.3 ml of 
PBS containing 10 mM EDTA was added to terminate the 
reaction, the cultures spun at 300g for 5 min and 0.3 ml of super- 
natant recovered for counting y radiation Curves were generated 
in the presence of either virus preparations (@) or #ontrol 
preparations (©). Anti-H-2 antisera were raised by the alloim- 
munisations—-a, (A X HTI)F, anti-EL4, H-2*/H~2' anti-H-2>—~ 
anti-H-D” antiserum; b, (AXBALB.G)F, anti-BALB.B, 
H-2*H-~2* anti-H-2°——anti-H-2K°, c, BALB.G anti-BALB/c, 
H-2! anti-H-24—anti-H-2D‘%,and d, (AxBALB.B)F, anti- 
BALB/c, H~2*/H-2° anti-H~2*—anti-H-2K4, 


sole antigen detected, and it was only detected in virus-contain- 
ing preparations from mice with the H-2D ° allele. 

H-2 antigen activity of host cell specificity has been detected 
before in an enveloped RNA* virus. Hecht and Summers? 
observed inhibition of cytolysis mediated by anti-H-2* antisera 
in the presence of highly purified vesicular stomatitis virus 
grown in L cells (H—2*), Because of the purification techniques 
used, they concluded that the H-2 antigens were an integral 
part of the virion. Their finding that both H-2K* and H-~2D* 
antigens were present in the virion could be explained by the 
random distribution of H-2 molecules on plasma membrane 
destined to become virus envelope. Our finding of only one 
of four host cell H-2 specificities in FV suggests that the 
inclusion of H-2 antigens in virus particles is selective rather 
than random. ° 

The H-2* haplotype confers relative resistance to FV 
disease‘. One gene responsible for this resistance, Rfv-1, maps 
in or near the H-2D° region® Resistance in BALB.B mice 
results in strong rejection of implanted cells of syngeneic FV- 
induced tumour lines, whereas BALB/c mice resist implants 
of syngeneic FV tumour cells poorly®. Characteristic of resis- 
tance in BALB.B but not BALB/c mice ts the appearance of 
cytotoxic T lymphocytes specific for the syngeneic tumour. 
The lytic activity of these BALB B T cells i vitro ts subject to 
H-2 restriction; that is, lysis can only be demonstrated against 
target cells expressing both FV and H-2” antigens’. 

Present evidence for the basis of H-2 restriction in this and 
other T-cell killing systems supports the hypothesis that H~2 
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molecules associate with virus molecules on the target cell 
surface in such a way as to serve as an ‘altered-self’ marker 
recognisable by the intmune T lymphocyte®. Evidence in 
favour of a physical association at the cell surface between 
virus and H-2 molecules has been obtained in this laboratory 
with the demonstration that capping of FV antigens on H-2° 
tumour cell surfaces causes partial co-capping of H-2D but not 
H-2K antigens. j 

If, as the evidence indicates, H-2 antigens physically associate 
with virus antigens on the cell surface, then the appearance of 
H-2 in the virion ıs most likely the consequence of such an 
association at the site of virus budding. The inclusion of only 
one of four possible H-2 antigens in the virus, however, implies 
that not all H-2 molecules are equal in their capacity to bind to 
cell surface virus antigens. The selective inclusion of H-2 
molecules in C-type virus particles 1s in keeping with the 
sporadic detection during biochemical analysis of MuLV of a 
glycoprotein!’ of 45,000 molecular weight. The molecular 
weight and irregular detection of this constituent suggests that it 
may consist in part of host cell H-2, inclusion of which in 
virions depends on its capacity to bind to virus molecules. 
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Prevention of experimental allergic 
encephalitis in Lewis rats by 
rat and bovine spinal cord proteins 


EXPERIMENTAL allergic encephalitis (EAE) is an inflam- 
matory autoimmune disease of thé central nervous system 
(CNS) that is mediated by T lymphocytes sensitised to the 
organ-specific basic protein (BP) of CNS myelin’. Lesions 
of delayed hypersensitivity develop in the brain and spinal 
cord when sensitised lymphocytes traverse the walls of CNS 
blood vessels and react with the target antigen in myelin’. 
EAE can be prevented by injecting BP ın Freund’s 
incomplete adguvant (FIA) before challenge, suppressed by 
injecting BP soon after challenge and treated by injections 
of BP after clinical symptoms appear‘. Prevention, suppres- 
sion and treatment are immginologically specific for BP and 
can be dissociated from the production of humoral anti- 
body against BP*. The demonstration that pretreatment of 
guinea pigs with bovine spinal cord protein (BSCP)*”’ pre- 


. vented the development of EAE”? is thus of considerable 


importance because BSCP is chemically and antigenically 
distinct from bovine BP and is not encephalitogenic. As 
pretreatment with SCP induced a state of nonspecific un- 
responsiveness to bovine BP in the guinea pig, we investi- 
gated whether SCP had antj-encephalitggenic activity in 
the Lewis rat, a highly inbred rat strain used extensively 
for the study of EAE. We report here that Lewis rats pre- 


» 
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Table 1 Encephalitogenicity of rat BP, RSCP and BSCP in Lewis rats a 

Antigen Amount . 

used for of antigen 
challenge* . injected No. sick Onset Clinical Histologic 
(in FCA) (ug) No. tested (day) severityt severity 
Rat BP ° 20 6/6 14.5 1.8 1.5 
Rat BP 30 70 12.5 3.4 1.7 
Rat BP 50 10/10 13 3.0 1.8 
RSCP 300 0/6 — 0 0 
BSCP 400 0,8 = 0 0 





*Anumals were injected in the left hind foot pad with 0.1 ml of an inoculum prepared by emulsifying the appropriate amount of antigen in 


0.05 ml of saline with 0.05 ml of FIA containing 200 ug of M. butyricum. 
tAverage scores for clinical symptoms were 


graded as follows; +, transient weight loss; +-+, limp tail; +++, hind end weakness and/or 


incontinence; +-+-+-+, complete loss of tone in al (string tail) and paralysis. 


tAverage score for lesions ın brain and spinal cord graded from 0 to 2+ according to Levine et a/.. 


treated with rat SCP (ref. 10) were protected against EAE, 
as they did not develop the disease when they were sub- 
sequently immunised with rat myelin BP in complete 
Freund’s» adjuvant (CFA). 

Homologous RSCP was investigated first because 
immunodiffusion studies witheanti-BSCP sesun® and anti- 
RSCP serum indicated that bovine, monkey, human and 
rabbit SCP were antigenically closely related’, while 
RSCP was significantly different. The homologous rat BP 
was used for the induction of EAE. RSCP was purified 
from rat spinal cord’*, Rat BP containing both the L and 
the S BP was prepared from rat brain by the method of 
Deibler er al.™’. i 


emulsion containing 304g of rat BP and 200ug of 
Mycobacterium butyricum into påds in the left hind foot. 

Table | shows that 20 ug of rat BP was sufficient to 
produce clinical and histological EAE in all animals tested. 
Disedse onset usually occurred 15d after *challenge. 
Higher doses of rat BP induced more severe disease with 
onset 12—13 d after challenge. The 30 ug of rat BP used to 
induce EAE in all pretreated animals was selected as a 
moderately severe challenge dose. Neither RSCP nor 
BSCP were encephalitogenic in Lewis rats at levels of 300 
and 400 ug, “respectively. 

Results of pretreatment schedules in which the total 
amount of RSCP used varied from 300 to 900 ug, and the 


Table 2 Prevention of EAE* in Lewis rats by pretreatment with RSCP-—effect of variations in dosage and pretreatment schedule 


Pretreatment (in FIA) 
Total 
dose 
Schedule Dayst (ug) 

1 x100 ug RSCP weekly 2) 300 
2x 100 ug RSCP weekly 21 600 
2x 100 ug BGG weekly 21 - 600 
3 x 100 ug RSCP weekly 21 900 
3 x 100 ug BGG weekly < al 900 
2x200 ug RSCP weekly 14 800 
2x200 ug BGG weekly 14 800 
3 x100 ug RSCP 10 300 
3x100 ug BGG 10 ° 300 
3x100 ug RSCP 5 300 


None 


EAE 
No. sick Onset Clinical Histologic 
No. tested (day) severity} severity § 

$ 1/6 i 0.3 0.5 
5 0/6 ae 0 0.2 
6/6 12.5 3.1 2.0 
1/6 15 0.3 0.2 
5/6 12 2.1 0.7 
0/6 ae 0 0 
4/4 13.5 2.7 2.6 
5/6 13.0 2.8 2.0 
6/6 11.5 3.0 2.0 
6/6 12.0 3.0 2.0 
10/10 11.5 2.9 1.9 


* Animals were challenged with 0.1 m! of inoculum containing 30 pg of rat BP and 200 ug of M. butyricum. 


tNumber of days between first pretreatment injection and challenge. 
tAverage score for clinical symptoms graded 0 to 4+-. 


SAverage score for lesions in brain and spinal cord graded from 0 to 2+. 


Male Lewis rats weighing about 250 g were injected in the 
tight hind foot pad at different intervals with 0.1 ml of 
inoculum prepared by emulsifying the required amount of 
RSCP with an equal volume of FIA. Control rats were not 
treated or were injected with bovine gamma globulin 
(BGO emulsified with FIA. At the appropriate time, the 
animals were challenged by injecting O0.Iml of an FIA 


pretreatment interval extended from 5 to 21 d are recorded 
in Table 2. Pretreatment with three weekly doses of 100 ug 
of RSCP protected five out of six animals from cHnical and 
histological EAE. Doubling or tripling the amount of 
RSCP injected over 2 or 3 week intervals gave complete 
protection of all animals, while control animals that 
received similar amounts of BGG were not protected. 
© 





Table 3 Prevention of EAE* ın Lewis rats by pretreatment with different amounts of bovine SCP for 21 d 


(Pretreatment (in FIA) 
Total 
Schedule dose (jig) 
2x 83 ug BSCP weekly 500 ” 
2x170 pg BSCP weekly 1,000 
2 x 340 ug BSCP weekly 2,000 
2x170 ug BGG weekly 1,000 


None 


EAE 

No. sick/ Onset Clinical Histologic 
no. tested (day) severityt severity} 

5/6 12 3.0 1,8 

5/6 14 2.0 1.0 

1/6 — 0.5 0.2 

5/5 11 3.6 « 2.0 

6/6 10.5 3.5 2.0 





*Anımals were challenged 3 d after the last pretreatment injections with 0.1 ml of inoculum containing 30 ug rat BP and 200 ug M. butyricum 


emulsified in FIA. 
+Average score for clinical symptoms graded 0 t 


oO 4+. 
tAverage score for lesions in brain and spinal cord graded from 0 to 2+. 


on 
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When the pretreatment intervals were shortened to 10 or 
5d, however, three 100-ug doses of RSCP did not protect. 
The results suggest that the amount of RSCP needed for 
protection is inversely related to the length of the pre- 
treatment period. 

Heterologous BSCP also had the capacity to protect 
Lewis rats against EAE induced with rat BP, although 
approximately seven times as much BSCP was required to 
achieve the same degree of protection provided by 300 ug 
of RSCP (Tabie 3). The fact that RSCP and BSCP prevent 
EAE in the rat as well as in the guinea pig suggests that 
SCP may be used as a nonspecific anti-encephalitogenic 
agent i 

One possibility that can probably be ruled out is that of 
specific immunosuppression due to contamination of RSCP 
with rat BP because SCP was extracted from bovine or rat 
spinal cord (not de-fatted) with 0.05 M acetate buffers, a 
procedure that does not sotubilise detectable amounts of BP. 
Furthermore, the amount of rat BP in 1.0 mg of purified 
RSCP was found not to exceed 30ng by a competitive 
inhibition. radioassay (unpublished results). This method 
measures the extent to which binding between a known 
amount of ™*]-rat BP and a fixed volume of a standard 
rabbit anti-rat BP serum is inhibited by varying amounts of 
non-radiolabelled BP using polyethylene glycol to precipitate 
antibody-bound 'J-BP*” A similar radioimmunoassay 
kindly performed by Dr V. Lennon of the Salk Institute, 
showed that 10mg of BSCP contained I5ng of BP. 
Thus the 2.0mg of BSCP required for protection against 
EAE could not have contained more than 30ng of BP, an 
amount far less than the 10,000 ng of BP reported to be the 
lowest amount capable of preventing EAE in the guinea 
pig". 

The mechanism of the protective action of SCP is not 
clear. Data on the effect of SCP-pretreatment on the 
lymphocytes mediating EAE suggest that the mechanism is 
likely to be complex For example, SCP-pretreated, guinea 
pigs regularly displayed delayed skin hypersensitivity to BP 
after challenge but there was no correlation between the 
degrees of cutaneous reactivity and protection from 
disease’. 

The protective activity may be related to the location of 
SCP in nervous tissue. Indirect immunofluorescence studies 
using rabbit anti-sera showed that SCP 1s localised in the 
axons of neurones in“the central and peripheral nervous 
systems and seems to be absent from the surrounding 
myelin sheaths (unpublished ‘results). Protective activity 
might also involve non-specific suppression of selected T- 
cell function by anti-SCP antibody in a manner analogous 
to that of the anti-O thymic antibody because RSCP is 
a component of rat thymus” ' 
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Gangliosides as 
surface antigens on cells 


isolated from the rat cerebellar cortex 


GANGLIOSIDES are a class of complex glycolipids characterised by 
their content of N-acetyl neuraminic acid. They are present in 
many tissues, but are found in highest concentration 1n those of the 
nervous system. At one time they were thought to be charactenstic 
of the neurone, but the analysis of cell fractions from a number of 
species indicates that they are present in glia and myelin as wellasin 
the neuronal elements’'*. The investigation of subcellular frac- 
tions suggests that most of the ganglioside is located in the plasma 
membrane and their functional significance is still uncestain. We 
have investigated the effect of anti-ganglioside serum on suspen- 
sions of cerebellar cells from immature rats. Trypan blue exclusion 
and *'Cr release methods were used as indicators of cytotoxic 
activity The results indicate that ganglioside is located at the outer 
surface of the plasma membrane in 60-80% of the cells. The 
remainder do not seem to exhibit the reactive hapten upon their 
surface. The experiments also demonstrate the value of comple- 
ment mediated cytotoxicity as a method of studying surface lipid 
haptens in the cells of the nervous system. 
Suspensions of cerebellar tells were freshly prepared from rats 
5-12d post-natally*. The final suspension contamed 5-15 x 10° 
cells per mi in Krebs bicarbonate ringer containing glucose, 
15 mM, and bovineserum albumin, 0 3% w/v Antisera were raised 
in rabbits against the total ganglioside fraction isolated from 
postmortem human brain tissue Thetotal ganghoside fraction was 
isolated from the chloroform—methanol extract by partitioning 
against saline, and further punfied from the upper phase by dialysis 
and barium precipitation by the method of Wolfe*+. Rabbits were 


Fig. 1 Cytotoxicity of rabbit anti-ganglioside serum for dissociated 
ratcerebellar cells. @, Anti-ganglioside serum/cerebellar cells from 6- 
d-old rats, + Anti-ganglioside serum/cerebellar cells from 12-d-old 
rats, W, contro! normal rabbit serum/cerebellar cells from 6-d-old 
rats, ©, control. normal rabbit serum/cerebellar cells from 12-d-old 
rats Guinea pig complement (25 ‘yl) was added followed by a further 
0 5-h incubation Cytotoxicity assays using Trypan blue (0 2%) were 
carried out im micrtotire trays. The cell suspension was diluted to 
contain 10° cells ml? Antiserum (25 ul) was added to 50 yl cell 
suspension and incubated at 37 °C for 36 min Fresh neat guinea pig 
serum (25 yl) containing complement was then added and after 
shaking, incubated for a further 30 minaFor counting, the superna- 
tant was removed and one drop of Trypan blue (0 2%) in Krebs 
ringer added 
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immunised with the total ganglioside mixture and either bovine or 
human serum albumin as carrier, emulsified in complete Freunds 
adjuvant’ 

The viability of the cell preparation was generally better than 
90% (mode of 96%, range 80+99%). Exposure to normal rabbit 
serum and guinea pig complement did not affect the viability overa 
period ofhours Anti-ganglioside serum was found to be cytotoxic 
for cerebellar cells in the presence of guinea pig complement (Fig. 
1). A fraction of the cells, however, were found to be resistant, and 
even repeated exposure to antiserum and complement failed to 
increase the proportion of thecells killed (Fig 2). From Fig litcan 
be seen that antiserum was more effective against cells from | 0-d- 
old animals than those from 5-d-old animals, although the 
proportion of cells killed remains approximately constant. The 
total ganglioside concentration of the rat cerebellum increases 
sharply 5d after birth, indicating an increase in membrane 
concentration®. The present findings suggest that this increase may 
initially be restricted to certain cells, at least for the gangliosides 
GM1 and GD1b, the suspected antigenic members of the gang- 


lioside mixture ’*®. 
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Fig. 2 Effect of repeated exposure of cerebellar cells to anti- 
ganglioside serum and complement. Viability declines to 30-40% on 
addition of antibody and reaches a plateau The sugviving cells are 
unaffected by subsequent treatment with antibody 4, Antı- 
ganglioside serum, @, normal rabbit serum (control) 


The specificity of the antibody for ganglioside was de- 
monstrated by absorption with a hapten-lecithin mixture in the 
weight ratio of 1:3. Ganglioside (0.01 mg) completely removed all 
cytotoxic activity from f.l ml serum Lecithin alone was in- 
effective Absorption with an acetone dried rat brain powder 
removed both complement-fixing activity against ganglioside and 
cytotoxicity to cerebellar cells. The activity of the antiserum was 
unaffected by similar absorptions with rat liver powder A further 
indication of the specificity of the reaction for ganglioside is that 
anti-galactocerebroside sera having high titres of complement- 
fixingactivity against galactocerebroside—auxiliary lipid mixtures 
and purified myelin fractions of rat brain, was not cytotoxic for 
cerebellar cells. 

The antigen on the cell surface seems to bea glycolipid and nota 
glycoprotein. After partitioning ofachloroform—methanolextract 
of cerebellar cells the ability to absorb out cytotoxic acivity from 
antiganglidside serum was present in the water-soluble upper 
phase The lower phase lipids and the insoluble residue were 
ineffective (Fig 3). Absorption of antibody was dependent on the, 
presence of the auxiliary lipid lecithin, further confirmation that 
we are dealing with a lipid hapten. 

Ganglioside can be demonstrated in cells of the granular layer of 
the cerebellum of the adult rat by the immuno-peroxidase 
method? Histochemical localwation in tissue sections, however, 
does not provide information on the nymber of cells with surface 
antigen The present data suggests that in the immature animal, at 
least, this isin the region of 60-80%. The nature of the cell fraction 
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Ffg. 3 Cytotoxicity of anti-ganglioside serum witlf fractions 
obtained by chloroform—methanol treatment of cerebellar cells. @, 
Upper phase absorbed; O, residue absorbed, ÁA, lower phase 
abso: bed, W, unabsorbed serum About 5 x 10? cerebellar cells mi~! 
were extracted in chlorofo1m-methanol (1 1, v/v) This insoluble 
residue was centnfuged and resuspended by homogenisation and 
ultrasonication in 0 5 ml saline Chloroform was added to the lipid 
extract to make ıt 2:1 chloroform—methanol and then partitioned 
against 0 2 volume of saline Both upper and lower phases were 
evaporated to dryness under N, Lecithin (100 ug) was added to the 
upper phase Both residues were re-suspended in 0 5 ml saline with 
the aid of ultrasound One-quarter dilution of serum (0 5 ml) was 
added to each of the three fractions and stored at 4 “C overnight 
After centrifugation the cytotoxic activity of the absorbed and a 
control serum for rat cerebellar cells was determined Cytotoxicit 

was measured by *!Cr release Cerebellar cells were incubated with 
50 uCi 5'Crin saline for0 Sh They were diluted in 3 ml Krebs buffer 
and centrifuged through 4% bovine serum albumin ın Krebs buffer to 
obtain labelled intact cells The supernatant was removed and the 
walls ‘of the tube wiped before resuspending. Cell suspension 
(100 gl), sèrum (50 pl) and guinea pig complement (50 u!) were 
incubated for 1 hat37 °C Thereaction was stopped in an ice bath and 
1 O ml ice-cold medium added. After centrifugation 0 6 ml super- 
natant was removed and the radioactivity in supernatant and 

infranatant counted 
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lacking surface ganglioside 1s unknown It may constitute a 
particular cell type or merely reflect the ıimmatunty ofa proportion 
of cerebellar cells at this stage of development The maximal rate of 
ganglioside increase in the developing rat brain occurs 10-20 d 
postnatally, although increased synthesis can be detected earlier— 
before the onset of myelination. The enzyme glucosyl transferase, 
which is thought to be involved ın ganglioside synthesis, reaches 
maximal activity by day 7 (ref. 10). 

The demonstration that at least some of the ganglioside in brain 
cells 1s accessible to antibody at the cell surface suggests that 
immunohistochemical methods may profitably be applied to 
localise these haptens on the cell membrane It also raises the 
possibility that gangliosides may furnish a range of cell-surface 
markers for the identification and separation of cell types in the 
central nervous system 
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Ciliary dyskinesia factors 
in cystic fibrosis and asthma 


CYSTIC fibrosis (CF) homozygotes and heterozygotes carners for 
CF harbour a factor in their serum (termed CDF) which causes 
ciliary dyskinesia when applied to cihated epithelial tissue derived 
from rabbit trachea! Spock et a/.1 reported that serum ciliary 
dyskinesia activity (CDA) was a specific marker for the CF gene 
Conover et al/.° have reported that a CDA 1s also found in sera from 
individuals with various respiratory and autoimmune disorders; 
they have since suggested that the CF-ciliary dyskinesia factor was 
C3a (anaphylatoxin), and proposed that a defect or deficiency in 
the anaphylatoxin inactivator was the primary gene defect in cystic 
fibrosis®? Other laboratones have been unable to detect CF-CDF 
using a rabbit tracheal bioassay for the detection of the CF-CDF 
(refs 8-10) Using a modified rabbit tracheal bioassay, we have 
confirmed that serum from individuals with bronchial asthma and 
serum from homozygotes and heterozygotes for CF cause ciliary 
dyskinesia, whereas normal healthy control sera do not. Most 
individuals with asthma, however, were also found to have serum 
which causes a subsequent ciliostasis All sera tested by bioassay 
for CFP by electrofocusing indicated that all CDA-positive sera 
except sera from seven of eight individuals with asthma were also 
positive for cystic fibrosis protein (CFP) The CFP is a small 
(molecular weight 5,000-9,000}, positively charged compound 
and ıs found ın sera from most homozygotes and heterozygotes for 
CF (refs 1 1-16). These two findings suggested that the CDAsin CF 
sera and in asthmatic sera could be due to two different substances. 
We have developed two simple chromatographic techniques which 
can separate CDAs in CF and asthmatic sera. Our results indicate 
that they may be useful in purifying a CF-specific CDA Purntfic- 
ation of this CF-CDA is a prerequisite for its biochemical 
characterisation and for elucidating its role in the pathophysiology 
of CF (ref 17). 

Our rabbit tracheal byoassay* involved tissue selection accord- 
ing to the criteria of Conover et a/?, and bioassay following the 
protocol of Spock ef al ' with minor modifications The assay can 
reliably detect a ciliary dyskinesia activity (CDA) in sera from both 
heterozygotes and homozygotes for CF without fractionation or 
concentration of the serum?’ +. Unlike the assay of Conover etal ?, 
all sera can be screened at 27 °C. Prewarming the serum to 37 °C 
before bioassay increased the kinetics of the reaction sufficiently 
to allow the determination of CDA-positive individuals in 35 min 
or less. Using our methods, 16 CF homozygote sera reacted in 
14+8 min (mean +s d.) and 15 OHCF sera required 25+8 min, 
whereas 13 of 14 normal! healthy control sera failed to react by 60 
min (the end of the assay period*) Our results using whole serum 
for analysis confirm those of Spock ef a/' and Conover et a/.? in 
that sera from normal healthy donors does not “elicit a ciliary 
dyskinesia reaction, whereas both homozygotes and hetero- 
zygotes for CF apparently do harboura CDA. 

To evaluate the specificity of the CDA detected, we bioassayed 
serum from eight patients with bronchialasthma*!® In agreement 
with Conover et al., we found that all eight asthmatic sera caused a 
ciliary dyskinesia reaction; however, sera from asthmatics gen- 
erally caused a subsequent ciliostasis (cessation of ciliary beating) 
Concurrent evatuation of all sera for CDA by bioassay and for 
CFP by electrofocusing showed that all CDA-positive sera except 
seven of the e1ght asthmatic sera were also positive for CFP (our 
specific marker for the CF gene) 

These two findings indicated that the activity detected in 
patients with asthma and other respiratory diseases* could be a 
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substance different from a CF-specific CDF To test our hy- 
pothesis we set out to punfy the CDAs in asthmatic, CF 
homozygote and OHCF eera We found two simple chromato- 
graphic procedures for separating and therefore distinguishing 
between the CDA found ın CF and asthmatic sera The first 
procedure involves fractionating Whole serum on DEAE-cellulose 
(DE-52, Whatman) using 0 005 M Tris-HC] buffer, pH 8 6, and a 
two-step NaCl gradient (0.00 M NaCl, ®05 M NaCl) for elution. 
The second procedure involves fractionation of whole serum by 
Sephadex G-200 (Pharmacia) gel filtration, using 0.01 M phos- 
phate, 0 15 M NaCl buffer, pH 8 0, for elution! 

For DEAE-cellulose chromatography, 2.0 ml of serum 1s 
dialysed overnight at 4°C in Spectrapor 3 dialysis membrane 
tubing (Spectrum Medical). Spectapor 3 tubing has a known 
molecular weight retention of 3,500 and will effectively retain 
CFP, CF-CDF, and C3a if free in solution’:!?. The serum is then 
applied to acolumn pre-equilibrated with eluting buffer. An initial 
IgG-containing fraction (Fraction DEAE-])1s obtained by elution 
with Tris-HCl] without NaCl This fraction (DEAE-I]) contains 
only the most cathodally migrating gamma-globulin fraction of 
serum [isoelectric point (pl) 8-9 (refs 18, 19)] The colugnn is then 
eluted with Tns-HCl] plus 0.05 M NaCl, and a second IgG- 
containing éracjion (plus contaminants) 1s eluted (DEAE-IJ). Both 
DEAE fractions are lyophilised, reconstituted to 20 ml, and 
dialysed against PBS (0 01 M phosphate, 0 015M NaCl, pH7 2)1n 
preparation for bioassay 

For Sephadex G-200 chromatography, 2.0 ml of serum is 
fractionated and the effluent ıs separated into six fractions (Fig. 1) 
Each fraction is then prepared for bioassay as described for 
DEAE-I and II 

Representative results (Tuible 1) clearly indicate that the asth- 
matic CDA ıs found in DEA E-H and Sephadex G-200 Fraction H, 
whereas the CDA found in CF and OHCF sera elutes in DEAE-I 
and Sephadex G-200 Fractions III and IV (weak CDA) Our CFP 
detected by electrofocusing 1s also found in DEAE-I and Sephadex 
G-200 Fraction I]]!?:!819. Fractionation of serum from a hetero- 
zygote carner (CFP positive) with bronchial asthma confirmed the 
existence of two distinct activities in asthmatic and CF sera, as this 
serum had activity in DEAE-I and IJ and in Sephadex G-200 
Fractions II, II] and IV (Table 1). 7 

We conclude that fhe CDAs in asthma and CF are distinct 
substances. Our findings may facilitate purification of what we feel 
is a CF-specific CDF from CF and OHCF serum Purificationisa 
prerequisite totelucidating the exact nature of this substance and its 
role in the pathophysiology of CF. 

Most recently, we have found that an 850-fold purified prepara- 
tion of the CDF ın asthmatic serum reacts with antisera to human 
C3a, whereas a 650-fold purified active preparation of CF-CDF 
(at the same protein concentration) does not!®-19 We feel the 
different reactivities with anti-C3a antiserum further distinguish 
the asthmatic and cystic CDAs : 

Of related interest, are the results of Bowman ef a/.2°*} 
concerning the specificity and identification of a ciliotoxic factor 
(CTF) found in serum from homozygotes and heterozygotes for 


Fig. 1 Fractionation of 2 0-ml samples of human sera by gel filtration 

on Sephadex G-200 Fractions (2 0 m!) were collected at a flow rate of 

5ml hFa Ve void volume and total column bed volume HSA 
human sera albumin 
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Table 1 Separation of caihary dyskinesia activity by chromatography . 
EEEE E 
DEAE-cellulose ° : 
Serum fraction Sephadex G-200 fraction 
e I H I jI IH iV Vv VI 
Normal — _ —- — — — — _— 
CF homozygote CDA* — — — CDA CDA -— — 
Obligate heterozygote carrier CDA ~ — — CDA CDA — _ 
Asthmatic — CDA — CDA — — — — 
Asthmatic-heterozygote carrier CDA CDA . seen CDA CDA CDA — — 
"CDA fraction produced ciliary dyskinesia by 35 min 
CF. This factor 1s now termed ‘cystic fibrosis mucociliary 
inhibitor’ (CFMI) CTF 1s detected using an oyster gill ciliary Blood respiratory . 


bioassay?” The investigators claim that CTF ts specific for the CF 
gene since sera from asthmatic, allergicand normal healthy control 
subjects do not harbour a CTF. Although this CTF has a 
molecular weight, cationic charge and other properties which 
resemble those described for the CDF of Conover et al °-’, Barnett 
and Bowman?! claim that the CTF ts not C3a either. 

Although the identity of CTF and the CF-specific CDF 
described, here are unknown, neither our studies nor those of 
Bowman and co-workers?°?!, lend support results? which 
suggest that the CF-CDF 1s C3a. Ityemains possible, hewever, that 
the elusive ‘CF factor(s)’ could be related to some other com- 
ponent found in the complement, kinin?°, or fibrinolytic systems. 

They could be, for example, abnormal fragments of C3a, C5a or 
other active agents which affect membrane permeability or 10n 
transport (that is, polyamines or their aminoaldehyde derivatives 
24-26) We have recently shown that æ, macroglobulin (a,M) is 
abnormal in CF and have hypothesised that this abnormality can 
explain the presence of ‘CF Facfors’ (whatever their exact 
biochemical nature may be) in various body fluids of CF patients 
due to defective regulation of serum and cellular derived proteases 


‘py CFa,M In addition, a defective «,M (possibly coupled with an 


abnormality in polyamine metabolism) may be responsible for the 
general pathophysiology of this disease?*-?© Our hypothesis and 
findings concerning «,M have recently been confirmed by Shapira 
et al?" 
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properties of a viviparous amphibian 


BuRROWING apodan amphibians (order Gymnophiona) are 
Telatively common in the Amazon River Basin of South 
America but the physiology of the group has been little 
studied. The animals are usually fossorial, living burrowed 
in the mud banks of small tributaries of the main river. 
The ,burrows, which they presumably dig, are small and 
condition§ are often both hypoxic and hypercarbit. Animals 
0.25-0.75 m long and weighing 100-600 g, found near the 
air~water interface, were dug out of the mud banks and 
immediately taken to the laboratory of the research vessel 
RV Alpha Helix for study. Several species of burrowing 
apodans occur in the area, but the most common is Typh- 
lonectes compressicauda, the animal used in this study. We 
report here on the blood respiratory properties of this 
organism. 

Most female T compressicauda captured had uteri con- 
taining several gilled larvae. The gills are large well vas- 
cularised jelly-like structures (Fig 1) and the gill surfaces 
make close contact with the internal lining of the uterus. 
The structural relationship between larvae and parent in 
Typhlonectes clearly suggested a maternal supply of oxygen, 
and oxygen equilibrium curves were therefore constructed 
using pooled blood from three pregnant adult females and 
27 larvae removed from several animals. Whole blood was 


Fig. 1 Gilled larva removed from the uterus of a female Typh- 
lonectes compressicauda, a viviparous amphibian. 
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used in all determinations and the technique of Edwards 
and Martın’ ın curve construction was used 

Adult blood at a Ao, of 11.4 torr showed a sigmoid 
oxygen equilibrium curve with a Ps of 222 torr (Fig. 2). 
Increasing the Pro, to 17.1 torr increased the Pm slightly 
to 22.6 torr, indicating no appreciable Bohr shift. The 
absence of a Bohr effect would be physiologically advan- 
tageous to these animals living in small mud burrows in 
which the ambient Pro, fluctuates extensively A’ Bohr 
effect ın these conditions might result in the undesirable 
sttuation of facilitating oxygen unloading at the skin. 
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Fig. 2 Oxygen equilibrium curves of T compressicauda. A, Foetal 

curve from gilled larvae removed from uterus Pco, 11 4 torr.) 

@, Maternal curve (Peo, 11.4 torr) Dashed line, maternal curve 
(Poo, 17.1 torr). 


The foetal blood had an O.: equilibrium shifted markedly 
to the left of the maternal blood (Ps 9.3, Peo, 11 4 torr) 
Thts intriguing feature would assist in maternal-foetal gas 
exchange across the uterine—gill membranes because high 
haemoglobin saturation of foetal blood is achieved with 
only moderate saturation levels of maternal blood. 

Foetal_maternal shifts have been described in the vivi- 
parous garter snake Thamnophis, the ovoviviparous dogfish 
Squalus' and the oviparous teleost Scorpaentchthys’, while 
Riggs’ has shown bullfrog tadpole curves shifted to the left 
of the adult. We beleve our report to be the first description 
of a foetal-maternal shift in the Amphibia 
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One-to-one binding of a purified 
scorpion toxin to Na channels 


DETAILED elucidation of the molecular $rganisation which con- 
trols ionic flow through the excitable membranes has been 
prevented by a difficulty in isolating substances to which charac- 
teristic features of the 1onic channels can be attributed!~?. In the 
study of the cholinergic receptor, polypeptide a-toxins from 
certain snakes have been successfully used for the identification 
and purification of nicotinic receptors* Thus, agents analogous to 
snake toxins may be of a decisive value in the molecular approach 
to 1onic channels, and toxins from certain scorpions are among the 
most promusing candidates*~®, Scorpion toxins seem to act by 
modifying kinetic properties of Na channels as well as by 
suppressing the current through K channels?~'! But, no quanti- 
tative analysis was made on an electrophysiological basis to show 
the precise nature of the toxin-binding We describe hereg study of 
the effects of a toxin from Lewrus quinquestriatus on Na, Caand K 
currents in åhe gunicate egg membrane, where each ionic current 
proved to be essentially identical with that in other excitable 
membranes'?:!> The discrete critical membrane potentials for the 


> activation of these currents ın the egg facilitate discrimination of 


the respective currents only by adjusting potential steps in the 
voltage-clamp condition Thus, quantitative aspects of the in- 
activation kinetics of Na current can be analysed conveniently in 
this preparation 

A crude toxin (Sigma) indiiced a slowly inactivating component 
of the Na current and enhanced it in a ddse-dependent manner 
(Fig. 1, inset). The effective component was therefore fractionated 
ona CM-Sephadex C-25 coluntn, taking the amount of the current 
remaining at a definite time after the potential step as a measure of 
toxic activity Since the action of the toxin on the egg membrane 
was highly reversible, all recordings for the respective fractions 
were made with the same single preparation Active fractions were 
collected, rechromatographed and finally gel-filtered on Sephadex 
G-50 There was substantial agreement bejween the toxic activity 
and absorbance profiles during the last filtration procedure SDS- 
8 M urea gel electrophoresis!‘ of the isolated toxin showed a purity 
of >90%. Molecular weight was estimated to be 6,000 by gel- 
filtration on a Sephadex G-50 column 

The effect of varying concentration of this purified toxin on the 
Na current is illustrated in Fig 2a Inthe presence of the toxin, the 
current was inactivated in two phases—an initial fast phase (dotted 
line) and later slow phase (solid line) It 1s essential to note that an 
increase in the dose enhances the slow component with a unique 
time constant of 309 +6 ms (about 40- fold greater than toxin-free 
control) The slow components were subtracted from the re- 
spective original current traces and the fast components isolated 
analysed (Fig 26), the fast components had a common in- 
activation time constant of 8 3+0 3 ms regardless of the dosage 
The value was comparable with 8 5 ms obtained for the toxin-free 
control The amount of this fast component was decreased as the 
final concentration of the toxin in the medium was increaseé@ It was 
strongly suggested that the slow component ıs the current through 
Nachannels modified by the binding of the toxin, while the fast one 
is that through intact Na channels To analyse the dose-response 
profile for the toxin, the slow eomponent corrected to the initial 
zero time of the potential step (/* in Fig 2a) was illustrated in a 
double reciprocal plot (Fig. 2c). A straight line was obtained, 
yielding Ky value of 0.46 uM. When the reciprocal of the fast 
component similarly corrected to zero time (/, 1n Fig 2b) was 
plotted directly against toxin concentration, a straight line was 
again obtained (Fig 2d) The extrapolated value of the J; to toxin- 
free condition (intercept on the ordinate) was in precise agreement 
with the peak value of the toxin-free control current, while from the 
intercept on the abscissa the same Ap valye‘of 046 uM was 
deduced as in the case of the slow component Thus purified 
scorpion toxin binds to*Na channel ın one-to-one stoichiometry 
and modifies its inactivation kinetics. The maximum /% was 
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Fig.1 Purification of a scorpion toxin on CM-Sephadex C-25 column Venom (40 thg) from L. quinquestriatus was extracted with 4 ml of 5 mM 
ammonium acetate, pH 5 5, and applied to a column (0.75 x 20 cm) equilibrated with she same buffer The column was washed with 18 4 ml of 5mM 
ammonium acetate, pH 5 5, and then eluted with a linear gradient from 5 mM (pH 5 5)}to! M (pH 7.0} ammonium acetate (the total volume, 140 ml) 
Protein was monitored by absorbance at 280 nm(@) Aliquots(50 1) of representative fractions were added to the medium (5 5 m!) bathing a tunicate 
egg and toxic activity was determined (O). The activity was expressed as the amount of current remaining at the indicated time (arrow in inset). Dotted 
line represents ammonium acetate Inset effect of increasing concentration of the crude venom on Na current ın a tunicate egg The methods of 
preparing the egg from a tunicate, Ha/ocynthia 1oretzi, and recording the membrane currents were as described before’? Holding potential was 
— 90 mV and experimental temperature was 15.5 °C in this and successive figures The test pulsein this figure was to —2 mV Bathing medium (6 3 ml) 
was continuously circulated with the aid of a penstaMic pump, and small volumes of a concentrated venom solution were added successively to the 
reservoir until the indicated concentrations were obtained. The tonic composition of the medium in this expernment, 467 5 mM NaCl, 10 mM KCl, 
50 mM MgCl, and 5 mM MnCl, Mn, instead of Ca, was incorporated in the medium to eliminate possible interference of Ga current with Na current 
to be measured The medium included bovine serum albumin 4 mg ml™!, and 5 mM PIPES-choline (pH 6 9) 1n this and successive figures 
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slightly lower than that of /,, suggesting a reduced permeability 
coefficient for the toxin-modified channels (about 85% of the 
control). 

Figure 3 shows the channel specificity ın the action of the 
purified toxin. Li current through Na channels!” was modified as 
above (Fig 3a), but Kand Ca channels were not affected (Figs 3, 
c). Further, a detailed analysis indicated that the toxin exerts little, 
if any, influence on the activation kinetics of Na channels 

Reduction of the cationic concentration in the medium led toa 
decrease in the Kp value of the toxin-binding When the ratio of 
unmodified (/,) to modified (7*) currents at varying external Na 
concentrations and at a constant level of toxin was plotted 
against [Na]*, a linear relation was obtained (Fig. 2e). Since this 





Fig.3 Channel specificity tn the action of a purified scorpion toxin 


ratio is expected to be proportional to the Kp value in case of one- 
to-one binding, the competitive inhibition of the toxin-binding by 
Na ions was indicated Essentially similar results were obtained 
with Li, Ca, Mn and La 1ons ın the medium. This suggests that 
there are multiple binding sites for cations, the cooperativity of 


these sites may differ to a certain extent depending upon the ionic” 


species to be bound, because Hill coefficients varied around 2 
according to the species of cations tested. 

Our results clearly demonstrate, on an electrophysiological 
basis, that a toxin purified from venom of L. quinquestriatus 
specifically binds to Na channels 1n the tunicate egg membrane and 
modifies almost exclusively the inactivation kinetics. Electrically 
excitable neuroblastoma cells have been shown to contain a similar 


on the tunicate egg membrane a, Licurrents through Na channels in 
the absence (upper trace) and presence (lower trace) of 25 x 107? M 
purified toxin. Test pulse to —22mV Ionic composition of the 
medium——50 mM LiCl, 5 mM MnCl, and 5mM KCl. Tonicity was 
adjusted by the addition of glucose b, Ca currents were obtained bya 
test pulse to +27 mV witha prepulse to -- 25 mV to mactivate the Na 
current!? The durations of the prepulse were 0 4 s in the absence of 
toxin (upper trace) and 6 0 s in its presence at | 7x 10-4 M (lower 
trace) Ionic composition—-400 mM NaCl, 10mM KCI, 50 mM 
CaCl, and 50 mM MgCl, c, K currents were activated by a test pulse 
to +125 mV witha prepulse to — 37.5 mV (ref. 12). The durations of 
the prepulse were 0.4 sin the absence of toxin (upper trace) and 10 sin 
its presnce at 0.47 x 1076 M (lower trace) Ionic composition was the 
sameasinFig | Indandc,it was confirmed that the toxin effectively 
modified the inactivation kinetics of Na current. 
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` Fig.2 Effect ofa po toxin on inactivation process ofthe Na current a, Na currents were measured as described for Fig 1,except for the test pulse 

to —9 5 mV Purified toxin was added successively until the indicated concentration was obtained Theloganthm ofthe currentin the presence (©) or 
absence (@) of the toxin was plotted against time b, The slow components (solid lines in a) were subtracted from the respective onginal currents and 
the loganthms of the fast components isolated were plotted against ume (O) Foracomparison, the Nacurrentin toxin-free medium was also included 
(@) cand d, the recip: ocals of the slow and fast components corrected to zero time (/* 1n (a) and J, 1n (6)) were plotted against the reciprocal of toxin 
concentration (c), and against toxin concentiation (e), respectively e, Inhibition of toxin-binding by Na ions External Na concentration was 
successively increased at a constant level of the toxin (1 7 x 1078 M) and with 5 mM MnCl, and 5mM KCI MgCl, was omitted and tonicity was 
adjusted by the addition of glucose The ratio of /, to J$ at the indicated concentration of Na was calculated as in (a) and (b), and was plotted against 

[Na]?. The Na currents used foi this estimation were obtained with a test pulse to —20 mV 


60 x 10° 


single class of binding sites for the toxin from L quinquestriatus’. 
In this experiment the active toxin had been isolated by monitoring 
its stimulative effect on the tetrodotoxin-sensiyve 7*Na influx 
induced by the simultaneous presence of veratridine, whereas our 
purification procedure was based directly on the electro- 
physiological effect of the toxin Although the punfied toxin may 
be identical in these two experiments, the reported Kp values differ 
widely (1.3-2 4 nM in neuroblastoma and 460 nM ın the tunicate 
egg) This apparent discrepancy, however, can largely be attri- 
buted to a higher cationic concentration in the artificial sea water 
used in our experiment. In fact, the Kp of about 10 nM was 
estimated in the tunicate egg in a cation-free condition, taking 
the competitive inhibition by cations in the medium into con- 
sideration. Itis likely that the presumptive inactivation particles of 
Na channels!* bear multiple sites that bind various cations, and 
these sites may be blocked by a single scorpion toxin molecule to 
result in the retardation of the inactivation gating. 
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Does intracellular sodium modify 
membrane permeability to sodium ions? 


IN sodium transporting epithelia the asymmetrical cells have the 
apical face specialised for sodium entry while the basolateral 
membranes are concerned with sodium export, the accompanying 
anion passing passively Epithelia exposed to vamous sodium 
concentrations may need to control sodium entry as a way of 
regulating the intracellular concentration Some amphibian epi- 
thelia can show adaptive changes in their transporting capacity 
with changes in the ambient sodium concentration’~*. In addition, 
rapid changes in permeability of the apical face occur with time 
constants of a few seconds when epithelia are exposed to step 
changes in sodium concentration? While the slow adaptive 
changes may involve alterations ın synthesis of membrane 
macromolecules important for membrane permeability, the rapid 
changes are likely to result from fast changes involving the exist- 
ing membrane apparatus One effector agent for the rapid reac- 
tions may be the intracellular sodium concentration and the 
experiments reported here were dé&Signed to test this hypothesis 

We have manipulated frog skin epithel1um ın ways to increase the 
intracellular sodium content and found that the density of 
sodium channels in the apical face, measured by labelling with 
14C-amuiloride, 1s reduced ın these circumstances. 

14C-amiloride has been used previously to label sodium chan- 
nels in frog skin and ssolated toad bladder cells**~’, and the 
amount of '*C-amuiloride displaced from binding sites by un- 
labelled drug when the former 1s used at a concentration of 10 nM 
in the presence of 1.1 mM Na” 1s a measure of binding to sodium 
channels As external sodium ıs reduced the apparent affinity of 
amiloride increases®, Labelling is carried out with only low 
concentrations of sodium present to minimise the concentration of 
ligand required, and so reduce nonspecific binding 

Part of the evidence that amiloride binds at, or close to, sodium 
entry sites 1s given by the correlation of site density and the level of 
sodium transport which cap be maintained by the tissue Epithelia 
deprived of sodium for | week have been found to havea threefold 
increase in site density and can, when re-exposed to sodium, 
maintain a transport level three times that of control skins’. 

We measured '*C-amiloride binding in the mucosal surface of 
frog abdominal skin (Rana temporaria, area 9.6 cm”) as described 
before™5:6:8, To increase sodium concentration on the inside of the 
apical fhembrane the serosal surface was treated with ouabain or 
K-free solution to reduce or abolish the activityof the sodium 
pumps Throughout the experiments the transepithelial voltage 
was maintained at zero by an automatic voltage-clamp device. 

In each experiment, five measurements were made of the 
amount of displaceable amılorıde bound to the skin. Sub- 
sequently, a further five measurements were made after ouabain 
had been used to reduce transport to a low level (about 90% 
inhibition) 

Results of experiments in which amiloride binding was meas- 
ured in the presence of 1 1 mM Na”® are given in Table 1. After 
transport had been inhibited by ouabain there was no significant 
difference in the amount ofamuorde bound. In these experiments, 
and before ouabain inhibition, the intracellular sodium con- 
centration was ina steady state, in which sodium influx throu gh the 
mucosal face was equal to sodium efflux through the serosal face 
After ouabain, ıt ıs unlikely that the intracellular sodium con- 
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centration increased as the mucosal comcentration was only 
1.1 mM, and furthermore, the favourable electrical gradient for 
sodium entry could only decrease after godium pump inhibition 
Sodium can enter and leave the cells only by the mucosal face after 
pump inhibition, as shown by studies with the electron probe’. 

If the mucosal face of the skin is flushed with high sodium 
solution (111 mM) and then returned to low sodium (1 I mM) 
conditions before binding 1s measured, the increased intracellular 
sodium concentration is lowered rapidly, mainly by pumping 
through the serosal surface. After ouabain, however, this exit route 
will be blocked. Experiments such as those described in Table 1 
were reapted except that each binding measurement was preceded 


Table 1 Effect of ouabain on amilonde binding ın low sodium solution 
After ouabarn 
Control (107? M) 

Total binding : 

(10 nM !4C-amuloride) 1444007 199+005 
Non-displaceable 

binding (10 nM . 

1“C-amaornde plus ° 

l uM unlabelled 

amiloride) 1.20 +0 07 1 7640 05 
Displaceable 

binding Q 23 +0 03 0 20+0 04 

(P <0 001) (P<0 001) 
A=003NS 


$$ $$ { 
Amuloride binding 1s expressed as pmol per 9 6 cm? The concentration 
of sodium was I! 1mM Means and se are from results for 15 de- 
Cera in three separate skins The significance of the specific 
Sie DER binding was estimated using a paired / test The serosal 
ace was bathed in Ringer’s solution (mM, NaCl, 111, CaCl,, 1; KCI, 
3 Tris, pH 7 6, 5 and glucose 11 0) The mucosal solution contained only 
l | mM NaCland no glucose '*C-amiloride had a specific activity of 54 Ci 
mol”! NS, not significant 


by a high sodium flush. The results (Table 2) show that inhibition 
of transpért with ouabain reduces amiloride binding to 36% of its 
control Value If the equivalence between amiloride-binding sites 
and sodium channels ıs accepted, the result after ouabain cor- 
responds to a decrease in the mucosal sodium permeability, 
effected by a reduction in availability of channels An ouabain-like 
effect was also obtained when potassium was omitted from the 
serosal bathing solution; this produced a 31% reduction in channel 
density. 

So far, our results indicate that an yncrease in intracellular 
sodium (or possibly a decrease of intracellular potassium) reduces 
amiloride binding, and therefore the availability of sodium 
channels, in the mucosal face of the cells This may not, however, 
be due to intracellular sodium changes per se, but to other effects, 
such as a potential change across the mucosal membrane. For 
example, changes in transepithelial potential, Vy. change the 
extent of amiloride binding® This could be clanfied if ıt were 
possible to control the potential across the mucosal membrane, 


Table 2 Effect of ouabain on amuoride binding in low sodium solution 
following a high sodium flush 


A After ouabain 
Control (1075 M) 
Total binding 
(10 nM 4c. amiloride) 1 72010 202 +007 
Non-displaceable 
binding (10 nM 
'4C-amilonde plus 
1 uM unlabelled 
amiloride) 1 47+0 09 1.93 +0 07 
Displaceable 
binding 0 25+0 03 009 +0 04 
(P <0 001) * (P<0.02) 


A=0.16 P<0 005 





Amulonde binding 1s expressed as pmol per 9 6 cm?. Concentrations of 
sodium were ] 1 mM (low) and 111 mM (high) Means and s e are from 
results for 20 determinations in four separate skins Ringer’s solution was 
used to flush the mucosal surface before returning to low sodium solution 
to measure binding 


mA- 
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Vi. rather than across the whole epithelium. To achieve this we 
have used the potassium depolarised preparation of Morel and 
Leblanc'®'' The serogal side of the skin was bathed in a 
potassium-rich solution so that the resistance and potential across 
the serosal border are reduced to low values!?. In this situation the 
transepithelial resistance 1s located mainly at the mucosal mem- 
brane, presumably making ıt possible to clamp this membrane at, 
orclose to, zero. K-depolarised skins are able to maintain lọw level 
transport, and are still sensitive to amiloride and ouabain!? '!, 

Table 3 gives the results obtained with K-depolansed skins 
Again, amiloride binding was measured in low sodium conditions 
immediately after a high sodium flush. After ouabain had been 
used to inhibit serosal efflux, the amount of binding was decreased 
by 64% It seems, therefore, that in this situation the reduction in 
binding could not have been entirely due to potential changes, but 
was more likely dueto increased intracellular sodium 

At this stage it was necessary to check that ouabain did not cause 
a change in affinity of amilomde for the binding site so as to lead to 
reduced binding. Apparent affinities for amılorıde (reciprocal of 
concentrations producing 50% inhibition of transport) were 
determined ın six control skins bathed on both sides wyh Ringer's 
solution The mean value (520 nM) fell within the normal range 
Ouabain was then used to reduce sodium transport to about 30% 
ofits control value The affinity was redetermined on the residual 
sodium currents No significant difference in apparent affinity was 
found after ouabain We concluded that the changes in binding 
caused by ouabain were not the result of changes inthe affinity of 
the ligand for the binding sites. 





Table 3 Effect of ouabain on amilonde binding ın low sodium solution 
after a high sodium flush with the serosal surface bathed 1n high potassium 





solution i 
Afte: ouabain 
Control (1073 M) 
Total binding 
(10 nM !*4C-amılorıde) 1.35-+0 06 1734005 
Non-displaceable e 
binding (10 nM 
14C-amiloride plus 
I pM unlabelled 
amiloride) 1 10+0 08 1 63+0 06 
Displaceable 025+003 00940 02 
binding (P<0 001) (P <0 005) 


A=0.16 P<0 005 


Amulonde binding ts expressed as pmol per 9 6 cm? Concentrations of 
sodium were | | mM (low) ‘and 111 mM (high) Means and se are fiom 
results for ten determinations in two separate skins The serosal bathing 
solution was Ringer's in which all the NaCl was replaced with KCI 


The mean value for specific amiloride binding in control 
conditions in the experiments reported here was 0.243 pmol per 
9.6cm?. This corresponds to 153 binding sites per pm? at an 
occupancy of 30-40% with 1078 M amilonde, or about 400 
binding sites per um? at 100% occupancy, a value comparable with 
those reported elsewhere? $~’ 

Our results provide a direct demonstration that an increase in 
intracellular sodium is accompanied by a reduction in the 
availability of amiloride-binding sites, and presumably of sites 
through which sodium entry can occur This findimg provides a 
mechanism to explain why the measured sodium influx through 
the mucosal face 1s inhibited by ouabain!?4> and shows that 
reduced influx is not simply a result of a reducing gradient as the 
transport pool fills up. When both sodium and amiloride are 
present in the external solution they show competition, perhaps at 
a site which needs to be occupied for sodium ions to be translocated 
through the channel. Intracellular sodium seems to make a 
fraction of the chgnnels unavailable to external Na* or amilonde, 
thus reducing the transepithelial current, possibly by interaction at 
a regulator site different from the site for translocation. The slow 
time course of the effect of step changes in external sodium 
concentration* might indicate that this too affects transport by 
increasing intracellular sodium. 

The simple feedback operated by intracellular sodium may bean 
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important homeostatic device for the transporting cell. For 
example, with conditionsevhere the supply of energy for the pump 
is impaired, the intracellular sodium content may be kept low. 
There is increasing evidence that intracellular sodium determines 
levels of intracellular calcium by a control exerted at the mitochon- 
dria**~!°. Increases ın intracellular calcium may well be unaccept- 
able in a tight epithelium if they lead to #loss of cell coupling!7. 
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Endogenous C-type viral 
expression in primates 


C-ryPE viruses are genetically transmitted in species 
representing several orders of vertebrates (for review see 
refs I and 2). So far the isolation of endogenous viruses 
of primates has been limited to species of Papio’, 
although related viral nucleic acid sequences have been 
detected ın cellular DNAs of several other Old World 
monkeys’ The exterft of divergence of known endogenous 
primate viruses should be useful in predicting properties of 
the gene products of evolutionarily related endogenous 
viruses Of prfmates from which such viruses have yet to 
be isolated. We report here an investigation of the antigenic 
divergence of different structural proteins of prototype 
endogenous primate C-type virus isolates Endogenous viral 
antigen expression was also examined in tissues of primate 
species, representing the major genera of the order 
Anthropoidea Immunologically divergent gene products of 
endogenous viruses were found to*be expressed in tissues 
of Old World monkeys, including many species that have 
not yet yielded complete virus These findings, together 
with the marked variations in viral antigen expression 
demonstrated among different primate genera, have 
implications for endogenous virus regulation in primates 
and the search for related viruses of humans. ° 

The development of immunoassays for the 30,000 
molecular weight major structural protein (p30)’", the 
70,000 molecular weight glycoprotein (gp70)* and a 15,000 
molecular weight protein (pL5)’ of a prototype virus isolate 
of P, cynocephalus made it possible to compare the 
immunological relatedness of several endogenous primate 
viruses. Known C-type viral proteins contain a range of 
antigenic determinants that vary in their degree of cross- 
reactivity with analogous proteins of viruses of other 
species. In competition immunoassays using a given I- 
labelled viral protein with limiting antiserum prepared 
against the same virus, the extent jo. which another virus 
can compete reflects the immunological relatedness of 
analogous proteins of the two viruses. As Fig. 1 shows, 
P.' cynocephalus virus competed with high efficiency and 
to a final extent of more than 95% in immunoassays for 
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three of its structural proteins, Endogenous viruses of 
P. hamadryas and P. anubis reacted as efficiently as 
P. cynocephalus virus in the immunoassay for P. cyno- 
cephalus virus in the immunoassay for P. cynocephalus virus 
p30 (Fig. 1a). In the assay for P. cynocephalus viral gp70, 
the other baboon viruses competed only as much as 80% 
(Fig. 15), while neither competed more than 50% in the 
P. cynocephalus virus p15 immunoassay (Fig. Ic). 

Certain endogenous viruses of the cat have been reported 
to be of primate origin and to have secondarily entered 
the cat lineage several million years ago’. Figure 1 
demonstrates greater antigenic divergence of proteins of 
evolutionarily related feline viruses from those of the 
P. cynocephalus virus. Endogenous viruses of Felis. catus 
and F. sylvestris showed significantly less ability to compete 
than the baboon viruses in the P. cynocephalus virus p30 
assay (Fig. la) and even more striking antigenic divergence 
from P. cynocephalus virus in their plS and gp70 
reactivities (Fig. 1b and c). The relative conservation of 
p30 antigenic determinants suggests stronger evolutionary 
selective “pressures for maintenance of the immunological 
integrity of this protein. Whether this also reflects pre- 
servation of some important biological fun&tion(s) ig not 
resolved. In any event, ıt can be seen that the immunoassay 
for P. cynocephalus viral p30 was most broadly-reactive 
and thus most likely to be useful in a search for antigenic 
reactivity of related viruses in primate tissues. __ 

Previous studies have demonstrated the expression of 
endogenous C-type viral antigens in normal tissues of 
vertebrates including the mouse”, cat and rhesus 
monkey’. In a systematic search for C-type viral gene 
products in tissues of a wide range of Old World monkeys, 
liver cell extracts were analysed for expression of antigens 
cross-reactive with P. cynocephalus viral p30. Cell extracts 
were subjected to DEAE-cellulose chromatography in an 
effort partially to punfy p30 and reduce nonspecific 
reactivity’. 


% 1251 bound 


3 0 | . 
Competing virus (logio ng~* ml) 
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As Table 1 shows, antigens cross reactive with P. cyno- 
cephalus viral p30 were detectable in tissues of species repre- 
senting each of five genera of Old World monkeys (Table 
1). The specificity of the antigenic reactivity was indicated 
by lack of competition in immunoassays for the p30s of 
other mammalian C-type viruses, including mouse’ and 
woolly monkey isolates (data not shown). Partially 
purified p30 antigens were subjected to molecular: size 
analysis by gel filtration chromatography in both denaturing 
(6M GuHCl) and non-denaturing conditions. In each case, 
tissue-associated p30 reactivity chromatographed with a 
molecular weight of about 30,000 relative to standards 
(data not shown). This sizing step generally provided a 
further 8-10-fold purification (Table 2) The degree of 
purification was sufficient to allow detection of p30 related 
to P. cynocephalus virus at a level abdut 50 times lower 
than that present in macaque tissues. The same procedures 
failed to reveal evidence of similar antigenic reactivity in 
more than 100 individual tissues analysed from higher apes 
or humans (Table 1). 

As Table 1 shows, species representing two primate 
genera, Papio and Macaca, exhibited marked differences in 
their tissue expression of viral p30. Macaque tissues had 
relatively high p30 levels, from 15 to more than 100 ng per 
mg cellular protein. In most @ases, baboon tissues had levels 
at least 20 times lower. Attempts to ‘isolate endogenous C- 
type viruses from macaques have been unsuccessful. Yef, in 
similar conditions such viruses have been obtained readily 
from most species of baboon (refs 3—5 and our unpublished 
observations). This could reflect the release from macaque 
tissues of viruses with very different host ranges from those 
of known baboon endogenous viruses. Alternatively, the 
high levels of endogenous viral p30 expressed by macaque 
tissues in the absence of detectable virus release could be 
due to partial expression of a defective viral genome or to 
a late cellular block to release of a competent virus. 

In view of the highly-conserved nature of p30 antigenic 





Fig. 1 Immunological divergence of viral structural proteins of endogenous primate C-type viruses Competition immunoassays were 

performed as described in Table | and included assays in which antiserum to the P. cynocephalus virus was used to precipitate **]-labelled 

P. cynocephalus viral p30 fa), gp70 (b) and p15 (c). Viruses, concentrated from tissue culture fluids by sucrose density centrifugation, were 

disrupted by incubation in | % ‘Briton X-100 at 37 °C for 30 min. Viruses tested included isolates of P. cynocephalus (O); P. hamadryas (O), 

and P. anubis (@); and endogenous viruses of two. cat species, F. catus (A) and F. sylvestris (V) The isolation of P. cynocephalus’, P. 

hamadryas® and F. catus viruses’ have Been described. P. anubis and F. sylvestris viruses were isolated in our laboratory from normal 
kidney tissues of these species. 


Ca 
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Table 1 Expression of antigen related to that of the major structural protein (p30) of P. cynocephalus virus 




















Family Genus Species Common name Viral p30 antigenic reactivity 
No. tested No. positive Range 
; . (ng p30 per mg 
cellular protein) 
Cercocebus C. atys Sooty white-crowned mangabey l 0 <1 
Cynoptthecus aC, niger Celebes (black) ape 1 1 10 
P. cynocephalus Yellow baboon I 1 2 
P. anubis Olive baboon 1 I 3 
Cercopithecidae Papio P hamadryas Hamadryas baboon I 0 <! 
, P. papio West African baboon 2 0 <1 
m P. sphinx Mandrill 1 0 <1 
C. neglectus De Brazzas guenon Í l 20 
Cercopithecus < C. aethiops Grivet monkey 1 0 <i 
= C. patas Patas monkey 2 0 <i 
i M. mulatta Rhesus macaque 10 10 15-110 

M. arctoides Stump-tailed macaque 2 2 40-60 

Macaca M. nemestrina Pig-taed macaque 2 2 25-70 

M. irus Crab-eating macaque 3 3 30-80 
Pongo ~ P. pygmaeus Orangutan 4 0 <i 
A Pan P. troglodytes Chimpanzee 14 O 2] 
Pongidae Gorilla G. gorilla * Gorilla I 0 <i 
Hylobates H. lar Gibbon ape > e 3° ~@ 0 <I 
Homoimidac «= Homo H. sapiens Man 119 0 <i 





Liver cell extracts were prepared by homogenisation in an equal volume of 0.01 M Tris-HCI, pH 7 8, 0 | M NaCl, 0.5 mM EDTA and 0.5% 
Triton X-100, and sonication for { min with a Biosonic H sonic oscillator. Supernatants were clarified by centrifugation for 1 h at 100,000, 
and subjected to partial purification by DEAE 10n e&change chromatography*. Both original and DEAE-purified cell extracts were tested at 
serial two-fold dilutions for ability to compete with I-labeled P cynocephalus virus p30 (ref. 10) for binding limiting concentrations of goat 
antisera to detergent-disrupted P cynocephalus virus. Antiserum and competing antigen were incubated at 37 °C for 1 h in 0.15 ml of reaction 
mixture containing 10 mM Tris-HCl, pH 7.8, 10 mM EDTA, 0.4% Triton X-100, 1% bovine serum albumin, 0.1 % normal goat serum, 10 mM 
NaCl and the protease inhibitor phenylmethane-sulphony] fluoride (300 pg ml, Pierce Chemicals). About 10,000 c.p.m. ?™*J-labelled p30 
in 005 ml of the same buffer was added and incubation continued for 3 h at 37 °C and a further 18h at 4 °C. Antigen-antibody complexes 
were precipitated by pig antigoat IgG?! and radioactivity in the precipitates was measured in a Searle gamma counter Model 1285. Levels of 
p30 antigen ın partially-punfied liver cell extracts were calculated on the basis of the displacement of theecompetition curve for the unknown 
relative to that achieved with purified viral antigen. Protein concentrations were determined according to the method of Lowry et a/.**. Results 
expressed on the basis of p30 concentrations in the original extracts were determined by quantifying p30 levels in DEAE-purified extract and 
correcting for the degree of purification achieved. 


determinants among baboon endogenous viruses, it was 
interesting to investigate the extent of immunological re- 
latedness of endogenous viral p30s among other genera of 
Old World monkeys As Fig. 2 shows, p30 antigens partially 
purified from liver tissues of Macaca mulatta, Cynopithecus 
niger, and Cercopithequs neglectus, each representing a dif- 
ferent genus, competed less efficiently than that of p30 
partially purified from P. cynocephalus liver tissue in the 





Table 2 Partial purification of antigen related to the P cynocephalus 
viral p30 from cell extracts of representative Old World monkey species 


Viral p30 antigenic reactivity 


Genus (ng per mg cell protein) after 
AcA54 Ultragel chromatography 

Macaca 

M. mulatta 920 

M arctoides 610 

M. nemestrina 700, 

M. Irus 950 
Cynopithecus 

C. niger 280 
Cercopithecus 

C. neglecutus 150 
Papio 

P. cynocephalus 40 

P. anubis 28 





P30 antigenic reactivity was purified partially from liver cell extracts 
by DEAE ton exchange chromatography as described in Table 1. 
Extracts were then subjected to molecular size analysis by AcA54 
Ultragel column chromatography™ and tested by competition 
immunoassay for P cynocephalus viral p30 reactivity as in Table 1. 
Results are expressed as ng p30 per mg cell protein after purifica- 
tion. Immunological specificity was established by absence of com- 
petition (<1 ng per mg cell protein) in immunoassays for mouse 
leukaemia virus and for a C-type virus of the woolly monkey™. 


Immunoassay for P. cynocephalus virus p30. These findings 
demonstrate that endogenous viral p30s of species represent- 
ing different genera of Old World monkeys have undergone 
sufficient evglutionary change to make them immuno- 
logically distinguishable. 

The finding of gene products related to P. cynocephalus 
viral p30 in normal tissues of many species of Old World 
monkeys, together with previous molecular hybridisation 
studies®, indicate the widespread distribution and expression 
of related endogenous viral sequences in these primates. In 
our studies, analogous translational products were not 
detected in tissues of higher apes or humans. Our findings 
that endogenous viral p30s of other Old World primate 
genera can ibe immunologically distinguished from those of 
baboons indicate that p30 of an evolutionarily related human 
endogenous virus would probably be distinguishable as well. 
Although other possibilities can be considered, previous 
claims of the detection of p30, indistinguishable frofn that 
of P. cynocephalus virus in certain human tumours”, 
seem to favour infection of ‘humans with baboon C-type 
virus. Such a model has been invoked" to explain the 
detection in certain humđn tumours of highly related 
nucleic acids**** and even infectious virus", so far indis- 
tinguishable by the present techniques from P. cynocephalus 
virus*. The absence of viral antigens of the baboon virus in 
a large number of human tissues, as reported here, suggests 
that productive infection with a baboon C-type virus is 
likely to be infrequent if it occurs at all in humans. 

The demonstrated presence of endogenous viral informa- 
tion in many species of Old World monkeys suggests that 
evolutionarily-related viruses*exist in higher primates as 
well. Reports of low Jevels of genetic sequence homology 
between P. cynocephalus virus and normal cellular DNAs 
of apes and humans? would favour this possibility. The 
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Fig. 2 Immunological divergence of endogenous viral p30 
antigens partially purified from normal liver tissues of species 
representing different genera of the primate subfamily, Cerco- 
pithecinae. Liver cell extracts were subjected to DEAE-cellulose 
ion exchange and AcA54 Ultragel chromatography before 
analysis in a p30 competition immunoassay utilising antiserum 
to the P. cynocephalus virus precipitate, **I-labelled P. one 
cephalus viral p30. Reactivity of partially-purified p30s from 
P. cynocephalus (©); M. mulatta (C); C. niger (Y), and 
C. neglectus (A). 


absence of antigenic reactivity related to P. cynocephalus 
virus in these tissueş implies that endogenous viruses of apes 
and man are either very tightly restricted or have undergone 
sufficient antigenic divergence to have become undetectable 
by available immunological techniques. Knowledge that 
immunoassays can recognise antigenic relatêdness between 
endogenous viruses that have diverged to the extent that 


nucleic acid sequence homology is no longer demonstrable”, . 


justifies further efforts to develop more broadly-reactive 
and sensitive immunological probes to search for endo- 
genous virus expression in man. 
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Virus Cancer Programme of the NCI. 
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Muscle histology and . 
creatine kinase levels in the foetus 
in Duchenne muscular dystrophy 


X-LINKED Duchenne muscular dystrophy is a serfbus genetic 
disorder for which at present there is no effective treatment. It 1s 
characterised by progressive muscle wasting and weakness which 
first becomes apparent around the age of 3-5 years, leading to 
death usually before the age of 20 (ref. 1) A proportion of female 
heterozygous carriers have significantly elevated serum levels of 
creatine kinase and a woman who 1s found to be at high risk of 
having an affected son can elect to have amniocentesis with 
antenatal foetal sexing and selective abortion of any male foetus. A 
proportion of such aborted foetuses will, however, be normal but 
since the cause of the disorder 1s not known it ts not yet possible to 
diagnose an affected male foetus in utero. As a first step ın this 
direction we have examined the muscle histology and levels of 
creatine kinase in serum, muscle and amniotic fluid in a number of 
therapeutically aborted male foetuses at msk for Duchenne 
muscular dystrophy. We report that muscle histology, and 
possibly the serum level of creatine kinase, may be abnormal in this 
disorder even by the second trimester of pregnancy. 

Thirteen at-risk male foetuses were studied. In four cases (993, 
1018, 75/479 and B105) the mothers were proven carriers and in the 
remaining cases the mothers were estimated to have a risk greater 
than one ın five of being carriers (Table 1). In each case the sex of 
the foetus was established before abortion on the basis of 
cytogenetic studies on amniotic fluid cells obtained at amniocen- 
tesis As controls, [3 normal male foetuses of comparable 
gestation. were obtained at abortion performed for social reasons 
where there was no family history of any neuromuscular disogder. 
The gestational ages of the foetuses were estimated by 
crown—rump and heel-toe measurements? 

Cryostat sections of quadriceps muscle were stained with 
haematoxylin and eosin Muscle fibre diameters were measured 
using a calibrated Reichert Visospan projection microscope at a 
magnification of x 400. For each foetus 200 randomly chosen 
fibres were measured. The percentage of hyaline fibres was 
determined in 500 muscle fibres The cross-sectional areas of 100 
randomly chosen nuclei, closely opposed to the surface of 
transversely sectioned muscle fibres, were estimated by planimetry 
ata final magnification of x 1000 Serum specimens were obtained 
by cardiac puncture and serum, cell-free amniotic fluid and muscle 
creatine kinase activities were measured according to the method 
of Rosalki* Creatine kinase activity in muscle was expressed in 
terms of total protein‘. 

In affected boys muscle histology 1s characterised by vaniation 
in muscle fibre size, fibre necrosis and phagocytosis, and ultimately 
replacement by fat and connective tissue Muscle nuclear size 1s 
also increased*. Even ın the preclinical stage of the disorder muscle 
histology is abnormal with hyalinisation of muscle fibres and 
increased variation in muscle fibre size%®. In none of the at-nsk 
foetuses was there any evidence of muscle fibre necrosis or 
phagocytosis or any increased amount of fat or connective tissue. 
Values outside the normal range, however, were found ın six of the 
foetuses in regard to mean muscle fibre diameter and ın five of the 
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; Fibre diameter 


Gestation Mean 
P (weeks) (um) 
Normal foetuses — 14-21 6.9-107 
‘At-risk’ foetuses 
599 0 65 21 97 
684 025 16 12.4 
734 025 16 78 
993 1.00 20 74 
1018 “ 00 21 Fa 
73/375 0.21 19 5.8 
75/479 1 00 18 82 
76/60 , 0 33 21 135 
; B105 1 00 20 124 
878 0 23 17 Il 3 
76/18 ' 23 20 109 
B107 25 14 123 
B109 0 25 20 102 


Table 1 Mean muscle fibre diameter, variance in fibre size, percentage hyaline fibres, mean muscle nuclear swe and serum levels of creatine kinase (SCK) 





Hyaline Mean 
fibres * nuclear 
Variance content size SCK 
(03) CA (um?) (IU) 
0.8-3 6 00-06 22.1~34 | 120-7350 

14 00 37.1 = 730 
68 25 31 {* 9140 

70 00 40 &* — 

14 00 33.2 — 
05 0.0 34 1* 1220 
2.0 00 35.9* 6800 
1 4 00 28.1 * 1660 
90 20 39.8* 6100 
123 05 29 0 2700 
66 02 273 5630 

56 0.0 33.4 — 

2.9 05 30 4 — 
27 00 31.0 1500 


s e 
In normabfoetuses (n = 13) the results are expressed as thesranges ın at-risk foetuses individual results are given and italicised when outside the normal 


.tange P, probability of a mother being heterozygous “See ref. 12 


foetuses in regard to variance (a7) in fibre size (Table 1) There were 
very few hyaline fibres ın normal foetuses (0.0-0.6%) but in two of 
ithe at-nsk foetuses 2% or more of the muscle fibres were hyalinised, 
a finding which we have noted previously in a foetus at risk for 
.Duchenne muscular dystrophy’. The mean muscle nuclear size 
seemed to be increased in four of the at-risk foetuses 
The serum level of creatine kinase is very high in the early stages 
of Duchenne muscular dystrophy and is moderately raised in 
“infancy and even at birth?®11. In both normal and at risk foetuses 
. there was considerable variation in serum levels of creatine kinase. 
The range in normal foetuses was 120-7350 IU and only one of the 
"at risk foetuses (684) had a level outside this range (9140 IU). 
,Creatine kinase levels in normal amniotic fluid were at the limit of 
accurate determination and no raised levels were found im any of 
“the at-risk foetuses. Muscle creative kinase levels were within the 
pormal range (1.3-9.6 IU per mg protein) in all of the at-nsk 
foetuses. _ 
, Not àll of the at-risk foetuses in this study would have been 
expected to be abnormal. In fact from pedigree data and maternal 
¿serum levels of creatine kinase the average probability of the 
‘mothers being heterozygous was 0.51 and therefore of the 13 at- 
risk foetuses it might be expected that (13) (0.5) (0.51) or 3.3 might 
ibe affected. In fact, using three or more criteria of abnormality, 
‘twa foetuses could be classified as Being affected, one of these (684) 
having a raised serum level of creatine kinase. Our results suggest 
‘that X-linked Duchenne muscular dystrophy 1s expressed, at least 
‘in muscle tissue, by the second trimester of pregnancy. 
Foetal material was kindly supplied by Professor Victor Dub- 
owitzand Drs W.M Clow, R. Harns, B. Hargreaves, M. Manson, 
J. B. Scrimgeour and S. Walker Wethank Mr D Burt, Mrs L. Bain 
and Mrs H Cameron for technical assistance This work was 
supported by the Muscular Dystrophy Group of Great Britain. 
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Degradation of deadenylated 
rabbit a-globin mRNA in Xenopus 
oocytes is associated with its translation 


THe 3’-OH poly(A) segment of globin mRNA ensures the 
stability of the message when injected into Xenopus 
oocytes“. We recently developed’ a specific method for the 
removal of the poly(A) tail from globin mRNA, based on 
synchronous processive phosphorolysis of mRNA using 
molar excess of E.coli polynucleotide phosphorylase at 
0°C. When injected into Xenopus oocytes, deadenylated 
globin mRNA is translated for a relatively short period and 
then rapidly degraded’:”. Native poly(A}-containing mRNA, 
however, is considerably more stable irf the same conditions 
and is translated for extended periods of time’. The poly 
(A) segment itself is responsible for the stability of native 
globin mRNA in Xenopus oocytes since poly(A) re- 
addition to previously deadenylated mRNA restores the 
functional stability of the message. We do not yet 
know, however, how poly(A) exerts its protective function; 
furthermore, the mechanism of degradation of poly(A)-free 
mRNA is not known. We report here the use of the en- 
hancing effects of haemin on the translation of a-globin 
mRNA in frog oocytes? to establish that, in these cells, 
the degradation of injected poly(A)-free a-globin mRNA is 
linked to its translation. © 

Rabbit a-globin mRNA is much less efficiently trans- 
lated than B-globin message when injected into frog oocytes. 
The efficiency of a-globin mRNA translation can, however, 
be dramatically increased if haemin is included in the in- 
jection mixture’. The stimulation of a-globin mRNA trans- 
lation by haemin is shown in Fig. 1. We took advantage of 
this effect to determine whether the degradation of 
deadenylated a-globin mRNA is linked to its translation. 

We examined the effect of haemin on the degradation of 
poly(A)-free rabbit e-globin mRNA injected intg Xenopus 
oocytes. Rabbit globin mRNA enriched in a message was 
prepared from the post-ribosomal supernatant of reticulo- 
cytes lysate*:*; some was used as a template for the synthesis 
of a aH?-cDNA probe by a reverse transcriptase reaction” 
and the remainder was deadenylated by processive phos- 
phorolysis with polynucleotide phosphorylase’. Two samples 
of 100 oocytes from the same X. lałyis female were micro- 
injected"! with an aqueous sohition of poly(A)-free a-globin 
mRNA with or withoat haemin Forty oocytes from each 
batch were stored immediately after injection and the re- 
maining 60 oocytes of each batch were incubated for 72 h in 
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Barth medium at 20 °C. We then used molecular hybridisa- 
tion with the *H-cDNA probe to ‘compare the amount of 
globin mRNA remaining in oocytes microinjected with 
either poly(A)-free mRNA glone and with haemin. Increas- 
ing amounts of RNA from each sample of oocytes were 
hybridised to a constant amount of a@-globin enriched *H- 
cDNA at concentration where less than 20% of the radio- 
active probe is annealed at the end of the reaction’. In 
these conditions, the amount of *"H-cDNA annealed was 
proportional to the amount of globin mRNA present in the 
reaction medium for all samples tested (Fig. 2). The slopes 
of the straight lines corresponding to the four samples of 
oocytes thus constitute relative measurements of the 
amounts of globin mRNA present in each batch. 

In the presence of haemin only 13% of the injected poly 
(A}-free a-globin mRNA remained intact at the end of 
the incubation, whereas 60% of the injected message 
remained hybridisable to the *7H-cDNA probe in the absence 
of haemin (Fig. 2), Similar results were obtained in another 
experinfént using different preparations of a-globin mRNA 
and H’-cDNA as well as oocytes from a different frog. 

From previous experiments’ and controls data (not pre- 
sented), it is known that haemin per se has no degradative 
effect on injected native globin mRNA. Thus, the simplest 
interpretation of our results is that, in Xenopus oocytes 
there is a mechanism for the degradation of poly(A)-free 
mRNA requiring or strongly activated by translation or at 
least its initiation. 

Puromycin enhances the degradation of a microinjected 
Dictiostyleam RNA preparation enriched in mRNA”; this 
led to the suggestion that the release of MRNA from ribo- 
somes reduces its stability. We cannot explain these results 
as, using purified native globin mRNA in the same kind of 
experiments, we did not observe any effect of puromycin on 
the stability of the message. It should be noted, however, 
that it has proven impossible to keep oocytes in healthy 
conditions for long periods of puromycin treatment. One 
may therefore question the physiological meaning of such 
experiments. The tse of haemin te enhance the trans- 
lation of a-globin mRNA does not have this disadvantage. 

On the other hand, it has recently been claimed’ that 
translation, or at least some of the step(s) #nvolved in the 
process, are required for the degradation of mRNA in 
different systems. The observations presented here 
strengthen these claims. 


Fig. 1 Relative synthesis of a-and B-rabbit globin chains in 
oocytes injected with native globin mRNA 5 ng per 50 nol. 
@, In the absence of haemin; O, in the presence of haemin 
(1.5 mM in the injectior? medium). Following mnject n, each set 
of oocytes was incubated for 15 h at 20°C in Bart .*s medium 
containing *H-histidine (50 Ci mol—!, 200 pCi ml). After 
incubation, the oocytes were homogenised with carrier rabbit 
haemoglobin and globin was prepared from the 10,000g super- 
natant of the homogenate“. Globin chains were ecparited on 
carboxymethyl-cellulose columns by a pyridine-formic acid 
gradient and the radioactivity of the eluted fractions was 
i determined in a scintillation spectrometer. 
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Fig. 2 Effect of haemin on the stability of poly(A)-free a-globin 
mRNA ın X, laevis oocytes. Two hun Xenopus oocytes 
were injected with poly (A)-free a-enriched globin mRNA 
5 ng per 50 nl in aqueous solution; 100 oocytes were injected 
with mRNA in the absence of haemin, and a further 100 were 
injected with MRNA dissolved in a 1.5 mM haemin solution. 
Forty oocytes from each batch were frozen immediately after 
microinjection: the remaining 60 were incubated in Barth’s 
medium at®20°C for 72 h. Total RNA from each sample of 
oocytes was extracted using a phenol-chloroform procedure’. 
Increasing amounts of RNA from each sample of oocytes were 
hybridised to a fixed amount of globin *H-cDNA ın con- 
ditions where the amount of annealed cDNA 1s proportional 
to the amount of globin mRNA present in the reaction medrum. 
Hybrids were detected by their S, nuclease resistance*. Hybridisa- 
tion of RNA to H) globin cDNA: D, ©, RNA was extracted 
from oocytes micro-injected with poly (A}free a-ennched 
globin mRNA without haemin; ©, RNA extracted immediately 
after injection; C], RNA extracted after 72 h of incubation of 
¢« oocytes. W, @, the same with haemin. 
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Backwarming due to 
circumstellar shells ° 


IN a recent publication, Donnison and 
Williams? discussed the possible effects 
which a circumstellar dust shell could 
have on the evolution of a premain 
sequence star surrounded by ıt. If À is the 
fraction of energy emitted by the star that 
returns back to it, then they concluded 
that (1 —2)/X can have a value as low as 


(1-A)/A = (ToT |) 


where 7; and To represent the temper- 
atures of the inner and the outer surfaces 
of the shell. We intend here to draw 
attention to the fact that equation (1) 
could be misleading since it represents the 
smallest value that can ever be allowed by 
the ratio, and is by no means a realistic 
limit. The full expression for this ratio can 
simply be derived as follows. 

If we assume that the shell stores no 
energy, then i 


R®T* oe(1 —A) = a,R%T*o (2) 


where R and Ro are the stellar radius and 
outer radius of the shell and Torr is the 
effective temperature of the star, a, 
is a constant, which is included because 
the outer surface in reality will not be a 
perfect black body chafacterised by the 
temperature To. 

Simple geometry implies that the frac- 
tion of the radiation emitted by the inner 
surface which strikes the star is 


QHR TE (3) 


where a, compensates for the inner sur- 
face not being a perfect black body and p 
is the fraction of the total solid angle 
which is subtended by the star at the inner 
surface of the shell, so that p = BRYR” 
with B a numerical constant which is easy 
to determine if the star is small but more 
complicated if the star and shell have 
sunilar radii. Hence, from (3) 








ARTS eft — a,BR?7T;* (4) 
From (2) and (4) 
I bed i 
(1—A) a2 a Ro’ To 
» ( a, BR? z) ©) 


And it is immediately evident that equa- 
tion (1) as used in the reference! is only 


applicable to a very restricted set of 
physical parameters where 


ARo? = a,BR* (6) 


In general Ro > Rand the ratio (1—A)/A 
is very much greater than the value given 
by equation (1) (that is, A is smaller). 

We conclude, therefore, that even 
though it 1s theoretically possible to have 
a situation where À is close to unity, 
which results in a drastic change in ‘the 
evolution of the central star, generally, in 
physical meaningful situations A <1 
and backwarming has no real effect. 
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Possible solar control of 
North Atlantic oceanic climate 


TRENDS in the climate of the North 
Atlantic Ocean over the past century 
have been described recently by 
Colebrook’. He discussed the variation 
in the average sea level, the number of 
cyclones and the sea-surface tempera- 
ture. He showed that low sea-surface 
temperatures in the North Atlantic are 
associated with a higher-than-normal 
flow in the Gulf Stream and a lower- 
than-normal frequency of tropical 
cyclones, indicative of above average 
intensity in mid-latitude westerlies. The 
sea-surface temperature data were 
smoothed by the application of eigen- 
vector filters which were approximately 
equivalent to 7-yr running means. A 
10-1l-yr periodicity, which tended to 
be in phase with the sunspot cycle, was 
found following the removal of long- 
term trends from the smoothed data. 
I point out here a very significant long- 
term correlation between the sea- 
surface temperature and.the 7-yr run- 
ning mean of the annual sunspot 
numbers. I have redrawn the sea- 
surface temperature data of Colebrook’ 
and compared it with the 7-yr running 
mean of the annual sunspot number 
for Marsden squares 145D and 182B 
(Fig. 1). In both cases the vertical 


Temperature (C) 


scales were adjusted so as to make the 
total amplitude of the long-term 
variation approximately the same on 
the graph. 

There is very good correlation 
between the two sets of data for 
Marsden square 145D (45°-50°N, 
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Fig. 1 Smoothed variations of sea-surface 
temperature redrawn from ref. 1 (broken 
lines) compared with the 7-yr running 
mean @f the annual sunspot number 
(solid line). a Refers to Marsden square 
145 D (45-50°N, 5-10°W) and b refers 
to Marsden square 182B (50°-S5°N, 
15°-20°W),. 


5°-10°W) while the correlation is less 
marked for Marsden square 182B 
(50°-55°N, 15°-20°W). This difference 
in the degree of correlation between 
the two sefS of data might be accounted 
fore by ‘the difference in latitude be- 
tween the two areas under considera- 
tion. The effect of latitude on the 
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Fig. 1 Filtered mean sea-surface temperatures for quarter Marsden squares 145 (Celtic 
Sea and Pay of Biscay) and 182 (Rockall area). The variables show the dominant periodic 
o 


element fol 


wing the removal of long term trends. Arrows on abscissa indicate years of 


maximum sunspot numbers. 


possible relationship , between solar 
activity and the circulation of the 
lower atmosphere has been discussed 
at some length by King’. 
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COLEBROOK REPLIES—In the light of 
the very impressive correlation between 
sea-surface temperature and annual 
sunspot numbers demonstrated by 
Muir’, I comment here in greater 
detail than was possible before’? on the 
periodicities in sea-surface temperature 
data for Marsdén squares [82 and 145. 
Figure 1 shows plots of filtered ¢ea- 
surface temperatures representing the 
dominant periodic elements in the 


series following the removal of the 
long term trend. In each case there is 
a marked 10-ll-yr periodicity. There 
is a fairly good phase relationship 
between the various temperature series 
and with the sunspot maxima 

It should also be noted that Cohen 
and Sweetser detected an 1l-yr 
ptriodicity in their series of frequencies 
of tropical cyclones in the Atlafitic. 

In the light of all the evidence now 
available there seems little doubt that 
sunspot numbers do have an influence 
on the climate of the North Atlantic 
Ocean. 

I suggested previously? that the effect 
on sea-surface temperatures in the 
north-east Atlantic was produced by 
variations in southerly anomaly winds, 
involving direct heat exchange with 
the atmosphere. The relationship found 
by Muir implies an influence on the 
atmospheric circulation over the whole 
North Atlantic with a consequent 
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effect on the Gulf Stream. This is 
consistent with the, »results presented 
by Maximov‘ which indicated that the 
10-li-yr cycle in sea-surface tempera- 
ture occurs over most of the North 
Atlantic Ocean. 


J. M. CoLEeBROOK 


Institute for Marine 
Environmental Research, 
Citadel Road, Plymouth, UK 


1 Muir, M.S Nature 266, 475—476 pled ese 
2 Colebrook, J. M. Nature 263, 576—577 (197 
Pane J, & Sweetset, E. T. Nature 256, 


4 Musiiey, LV app. P-y, Reun Cons. pegm. mt. 
Explor. Mer 162, 59—166 (1972). 


35-286 


Oxygen isotope ratios 
in spruce cellulose 


ALTHOUGH not affecting the practical 
significance of their work, Gray and 
Thompson’s’ finding that oxygen iso- 
tope fractionation in the cedlulose of 
white spruce (Picea glauca) depends on 
winter rather than summer temperature 
warrants further discussion. It is un- 
likely that the tree is photosynthesising 
to any significant degree in the winter. 
I suggest here an alternative mech- 
anism which would produce the 
observed results, 

Two facts argue against winter photo- 
synthesis: First, Fritts’s* conifer, cited 
by Gray and Thompson, photosynthe- 
sised only when the temperature was 
above freezing and soil water stress was 
low—two conditions unlikely to hold 
for long periods in the Edmonton 
winter. Second, Norway spruce (Picea 
abies) chloroplasts function in carbo- 
hydrate synthesis only during the 
summer months’. If this is also true 
for white spruce, winter photosynthesis 
is probably not possible. 

For energetic reasons a heavier ,iso- 
tope accumulates preferentially in that 
molecule having the highest bond mul- 
tiplicity at the point of isotopic substi- 
tution". Thus, when “O and YO 
distribute themselves between HO and 
CO», the CO: Gn which oxygen is 
double bonded) will get proportionately 
more “O than the H:O (in which 
oxygen is single bonded). This effect 
decreases with increasing temperature’. 
Therefore, if one looks at oxygen from 
CO, which has been in solution with 
H-O, the 3 “O-temperature curve will 
have a negative slope. But, Gray and 
Thompson’s curve has a positive slope. 
The oxygen in their cellulose might 
have come from H:O rather than COn,, 
but this is not consistent with our cur- 
rent understanding of photosynthesis. 
Alternatively, starch may be hydrolysed 
to glucose within the cell during 
the winter. The glucose (single-bonded 
oxygen) would then exchange oxygen 
with cellular organic acids (or any 
other molecules containing double or 


ie 
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triple oxygen bond$), producing the 
observed 8*O-temperatyre curve. 

The behaviour of Norway spruce 
chloroplasts’ seems to support this idea. 
In autumn, they function primarily in 
starch storage. In winter, they group 
together and membranes become dis- 
organised. In spring, they. again store 
starch—of necessity the same starch 
which was stored in the autumn. This 
mechanism suggests that the bulk of 
radial growth in the tree is produced by 
the previous year’s photosynthate, 
which is contrary to accepted thinking’. 

Hydrolysis of starch to sugars in the 
winter could have functional value. 
Sugar solutions protect at least some 
cell functions during freezing’, Heat of 
hydrolysis could conceivably provide a 
significant warming effect within the 
cell. $ 

I thank Dr James Pickett for help- 
ful discussions. . 

DaviD A. PERRY 


US Department of Agriculture, 

Forest Service, Intermountain 
Forest and Range Experimental 
Station, 

Forestry Sciences Laboratory, 
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Bozeman, Montana 59715 
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Isotope tree thermometers 


We wish to make several comments on 
the recent paper in Nature by Libby 
et al! 

They determine the 6!8O in wood by 
analysing the CO, produced by heating 
the total wood samples with HgCl,. 


__{ D/H sample 
ee (2i saadad ) nen 


The standard is usually standard mean 
ocean water (SMOW). 8!8O is defined 
similarly. The standard used in Libby 
et al}, is as given in their text. Neither 
Libby et al. nor the original developers 
of this method? have shown that this 
procedure is valid for the high accuracy 
necessary in this work. 

The ôD data shown in their Fig. 3 (ref. 1) 
was originally published elsewhere? where 
they reported that these 8D analyses were 
made on H, released by pyrolysis of a 
mixture of wood sawdust and powdered 
uranium. In their Nature articlet they 
state that this same ôD data were obtained 
by combustion of the wood with oxygen 
and passage of the resulting water over 
hot uranium. This apparent contradiction 


should be cleared up, since only the latter 
method has been shown to be reliable*~. 

They assume that the 81O and 6D 
values of the total wood can measure by 
proxy the 8440 and 8D of meteoric water 
used by the plants. It is the isotopic 
composition of the meteoric water which 
is the ‘thermometer’. Their assumption is 
incorrect’, It is known®® that the 8D of 
lipids in the wood can be 100%, lower than 
the 6D of the total plant. Thus even if 
correct 6D analyses are made on total 
wood, this ôD also depends on the wood’s 
variable chemical composition which is 
not temperature sensitive’. 

Their sole criteria for a valid relation- 
ship between temperature and the 6D and 
O values of total wood is the existence 
of doubtful correlations between the 
isotope records in dated tree rings and 
the timt-equivalent instrumentally re- 
corded temperatures in cities. Their thotce 
of climatic data for correlation purposes 
is subjective. For example, the isotopic 
data of their Fig. 1 1s correlated with 
average annual temperature, whereas, in 
their *Fig. 3 the correlation is between 
isotopic data and English winter tem- 
perature. Their data bear little correlation 
with the climatic history of Europe as 
estimated by Lamb’. 

Some of their data are very unusual. 
The 6D for the German oak tree rings 
shown in their Fig. 3 changes by 150%, 
between 1820 and 1940 @7 and 190%, 
between 1720 and 1820 0~. This change 
is about tree times as large as the 6D 
change between summer and winter 
precipitation in Vienna in their Fig. 4, 
which corresponds to a 20 °C change in 
temperature. Also there is only a 180%, 
range in the 6D of average precipitatéon 
available to plants growing from tropical 
to subarctic temperatures® (Fig. 1 below). 
These changes in 6D values in the oak 
tree could not be due to changes in 5D of 
the precipitation in Germany nor to 
climatic changes. Similar questions can 
be raised about the unusually large 
changes in 6}8O in their Fig. 11. 

We have made some 6!8O measure- 
ments on cellulose from tree wood and 
other plants (S. G., P. Thompson and 
C. J. Y., unpublished) and found that the 
relationship between the 5D and 61°O in 
cellulose is complicated by factors such as 
evaporation—transpiration in the plants. 
There*is no a priori reason to expect the 
ôD against O relationship to be similar 
to those for meteoric waters. Thus their 
claimed slope of 8 for the relationship 
between the 618O and 8D for total wood 
shown in their Fig. 6, and the conclusions 
they draw from this figure are puzzling. 
The slope 8 is not by itself an indication 
that the tree 1s storing old water, nor does 
it support their stated hypothesis that 
atmospheric CO, and atmospheric H,O 
are in isotopic equilibrium. The 8°O of 
the atmospheric CO, varies little and is 
basically determined by the equilibration 


of CO, with ocean water? 7, 
e 
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Fourier analyses of a continuous 2,000- 
yr record of D and tO analyses for 
five-year intervals of tree rings should 
reveal the presence of shorter cycles than 
reported by them. It is difficult to under- 
stand why the shorter cycles were not 
included in their Fig. 7 considering their 
expressed interest in finding a 21-year 
cycle. 

We conclude that the 8D and 8!8O as 
determined by Libby, er al. on total wood 
do not give information about climate. 
On the other hand, we have shown that 
the 6D analysis of the hydrogen from only 
the C-H groups in cellulose (isolated as 
nitrated cellulose) eliminates the problems 
of chemical heterogeneity and the ex- 
change with water of the hydrogen in the 
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Fig. 1 The plot of 6D of plant-derived 
cellulose C-H hydrogen (cellulose nitrate) 
against 6D of environmental waters 
used in the plants yields a linear re- 
“gression curve (solid line) with a slope 
of 097 and intercept of —22%,. The 
linear correlation coefficient is 0.978. 
The dashed line 1s the y = x curve. The 
samples include varieties of both land 
and aquatic plants from a wide geo- 
graphic range. 


OH groups. The 6D values of the cellu- 
lose C-H hydrogen and of the associated 
OH groups’. The 8D values of the cellulos 
C-H hydrogen eand of the ossociated 
environmental water were compared for 
20 different species of land and aquatic 
plants including nine different species of 
trees, collected from areas including 
Scotland, the Yukon Territory, Wiscon- 
sin, California, Texas, and Miami, 
Florida. The comparison is shown in 
Fig. 1. The 5D of the C-H hydrogen is, 
on the average —20-411°% (10) relative 
to the 6D of the environmental water. 
Thus, the’ 5D of cellulose C-H hydrogen 
from plants systematically reflects the 6D 
of the H,O incorporated by them and 
should be a good climatic thermometer. 
Historically, Libby et al. should note 
that, by 1970, at least two laboratories*® 
were measuring the isotopic composition 
of plants in order to determine by proxy 
the isotopic composition of meteoric 
water. j a 5 
_ As far as the item on future research 
is concerned, we have already done much 
of what Libby et al? recommend, 
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including the identification of a 22-yr 
cycle in a 1,000-yr ôD record’? in the 
bristlecone pine of the White Moun- 
tains, California. We also analysed forty 
trees ranging in age from 9,000-22,000 yr 
to obtain a most interesting record of 
SD of meteoric water during the Wisconsin 
glacial period?*?. 

This work was supported by a grant 
from the National Science Foundation. 
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LEONA MARSHALL LBY AND Louis J. 
PANDOLFI REPLY-——Long-term isotope 
changes in precipitation, caused by 
changes in climatic temperature, are well 
documented in polar ice caps; the heavier 
of the stable isotopes is depleted in ice 
laid down in the ice age by comparison 
with present-day ice. In 1970 we extended 
this concept to trees, suggesting that they 
are also thermometers. In trees which use 
rain to manufacture their rings, isotope 
variations in the rings should be climate 
indicators because the isotope composition 
in rain and CO, varies With temperature. 

On May 17 1971, the Advanced 
Research Projects Agency funded our 
proposal that “temperature variations 
may be evaluated by measuring stable 
isotope ratios in natural data banks such 
as tee rings and varves.” L.M.L. had 
previously calculated! the theoretical 
temperature coefficient of the isotope 
fractionation in manufacture of wood 
from CO, and H,O, finding that the 
coefficient is small compared with that 
measured in rain.? Therefore isotope 
variations in rain should be dominant in 
trees that drink rain. 

The next question is what to measure: 
whole wood, cellulose, lignin. ..? It may 
be true that the ratio of cellulose to 
lignin differs in spring and summer wood 
and dver spans of decades : 3 Tentatively 
it seems that there is more lignin when it 
is warmer as in later summer, ang that 
lignin is more enriched in the heavy 
isotope. We choose to regard such 


variations as part of the response of trees 
to climate variations, namely as part of 
the record of climate history. 

Thus it is valid to measure any one of 
these substances, depending how faith- 
fully it tracks local mercury thermometers. 
Our measurements on whole wood track 
for both hydrogen and oxygen. We expect 
the same success for cellulose and lignin, 
but they will track with different ampli- 
tudes because in these compounds differ- 
ent sets of chemical bonds are fraction- 
ating when the temperature changes. 

In the development of radiocarbon 
dating the same question arose whether 
to measure wood, cellulose, or lignin, 
that is the 43C/1"C and ¥C/4C ratios will 
be different in each of these materials just 
as D/H is. W. F. L. chose to measure 
whole wood. 

The next problem i is what chemistry to 
uge. There is compelling evidence that 
when sapwood passes into heartwood it 
becomes sealed against exchange with 
sap.* It is also known that isotope 
exchange occurs when wood is | finely 
ground and soaked in hydrogen contain- 
ing liquids®. So we decided to use dry 
chemistries. For our first tree sequence*®’ 
we measured D/H by reacting sawdust with 
uranium to release H*, 99%, quantitat- 
ively. For the later tree sequences‘ we 
burned wood to water and reacted it with 
uranium to release H,. For measurement 
of 3O10 we modified the method of 
Rittenberg and Pontecorvo® by carrying 
it out at very high temperatures, 99% 
quantitatively. 

Our third problem was which trees to 
study. We could not use bristlecones 
because there are no lengthy temperature. 
records for hundreds of miles near where 
they grow and we were determined to 
calibrate the trees against local mercury 
thermometers. Because the longest tem- 
perature records are in Europe, we 
obtained a German oak from the only 
tree laboratory then existing in Europet. 

For measurement of the oaks, we used 
per force a mass spectrometer of some- 
what low accuracy, and achieved the 
accuracy necessary to demonstrate tree 
thermometers by making many measure- 
ments on each sample. On the later tree 
sequences‘ we used high-precision 
machines with accuracies of -+0.1 p.p.t. 
for 180/40 and +2p.p.t. for D/H. 
Whether the oxygen in tree rings comes 
from water or from CO, is a non-question, 
because Cohn and Urey® showed that 
isotopic equilibrium between the two 
substances is obtained in the atmosphere 
in a few hours. 

The least squ@&re correlation of D/H 
against 180/10 in the 1,800 yr sequence 
yielded the relation, 


5D = 8.2 8!°O + constant 
which is the same as in worldwide rain”? 


within experimental error. If both the 
hydrogen and the oxygen in the OH 
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groups exchanged with water vapour 
there is absolutely noway that the slope 
can be 8, because there are twice as many 
hydrogens bonded to carbon as to oxygen. 

The Fourier transformst of our five- 
year samples in the 1,800 yr sequence 
showed ten significant periods ranging 
between 50 and 300 yr, the same for D/H 
and for #8O/**O. To look for periods of 
less than 50 yr in a sequence of five-year 
samples or to look for periods of more 
than 300 years in a sequence of 1,800 yr 
is meaningless. Such periods appear in 
the transforms but they do not necessarily 
represent reality. To understand this we 
generated random signals of values*O and 
1, and assigned them to 10-yr intervals 
of a 1,000-yr hypothetical sequence, 
and made a Fourier transform. In three 
such computer experiments we always 
obtained periods at 10 and “about 20yr 
which are artefacts of the sampling 
interval. These statements can be under- 
stood by reading carefully ref. 11, 
particularly pages 30-33. 

Obviously ring samples integrated over 
5 or 10 yr cannot give proof of the 21-yr 
solar cycle; instead each ring must be 
measured. 

Nine of our ten periods‘ are equal tot? 
those evidenced in the Greenland ice 
wells.** One of the periods, that at 173 yr, 
has also been found by Houtermans and 
Suess in bristlecone pines. 

Our isotope ratios track better with 
winter temperatures than with the average 
temperatures. Dr John Fletcher suggested 
that when climate deteriorates summer 
is brief and January, February, and 
March represent the longer winters. 

For the cellulose component of wood, 
Epstein and Yapp“ and Gray and 
Thompson* have corroborated our work. 

Tree-ring thermometry promises to 
evaluate past climates and predict future 
climates. 
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The Science 
Dictionaries 


Three useful and up-to-date works of reference 
intended not only for students, teachers and 
researchers but also for science journalists and the 
general reader, 

Each book is designed for easy use - entries are 
arranged alphabetically and defined under the most 
common form of term, with synonyms in brackets. 
"S.I. units are used throughout and all entries are 
thoroughly cross-referenced. 


A Dictionary of Life Sciences 
E. A. Martin 

The recent trend to treat the biological /life 

sciences as a whole rather than divided into 
separate units is reflected in this concise dictionary 
which brings together in one v6lume all the main 
branches of zoology and botany. Selected terms in 
related fields of biochemistry, endocrinology, animal 
behaviour and palaeontology are also included. All 
major plant and animal classes are fully described as 
well as the more important orders, and common 
names of animals and plants are cross-referenced 

to thetr appropriate taxonomic groups. 

1976 £5.95 392pp 


A Dictionary of Earth 


Sciences 

Stella E. Stiegeler 

The subjects covered here include geophysics, 
structural geology, geomorphology, oceanography, 
stratigraphy, palaeontology, sedimentology, 
climatology, meteorology, soli science, cartography, 
mineralogy, petrology and surveying. The terms 
defined reflect the recent modification of traditional 
concepts and the resulting development of 
terminology in the earth sciences. In soil science, 
for example, a new system of classification is now in 
in use, with a completely new terminology for the 
soil orders. . 

1976 £5.95  320pp 


A Dictionary of Physical 
Sciences 

John Daintith 

This book covers the main branches of physics, 
chemistry and astromony — from Abbe condenser to 
zoom lens and zwitterion. A selection of relevant 
terms from the related fields of electronics, computer 
science and mathematics is included. Full accounts 
are given of the properties and uses of the chemical 
elements and many of their compounds. All the 
chemical terminology used is that recommended by 
the International Union of Pure and Applied 
Chemistry. 

1976 £5.95 352pp 


For further details please write to 
Rosemary Hamilton (N), The Macmillan Press, 
Little Essex Street, London WC2R 3LF. 
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PALEOPATHOLOGICAL DIAGNOSIS AND INTER- 
PRETATION: Bone Diseases ih Ancient Human Popula- 
tions by R. Ted Steinbock, Harvard Med:cal School, 
Boston, Massachusetts. Foreword by "FB. Dale Stewart. The 
author provides a systematic approach for diagnosing bone 
lesions in excavated skeletal series and interpreting the sig- 





` mificance of such diseases in ancient human populations. 


Chapters discuss the biology and gross anatomy of normal 
bone to aid in understanding the bone changes produced by 
pathological conditions. The major traumatic, infectious, 
nutritional, metabolic, degenerative and neoplastic diseases 
of bone are also covered A special section is devoted to 
establishing nutritional deficiency as the cause of peculiar 
lesions found in large numbers of excavated crania. The 
chapter on bone tumors and tumor-like processes defines 
the gross morphology of each condition to aid in diag- 
nosing dried bone specimens where histology is unavail- 
able. ’76, 440 pp., 274 ıl., 16 tables, $22.75 iý 
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CLINICAL ECOLOGY edited by Lawrence D. Dickey, Past 
President, Society for Clinical Ecology. (45 Contributors) 
This presentation 1s concerned with certain environmental 
excitants such as chemical contaminants, pesticides, herbi- 
cides, additives, preservatives, vehicles and excipients found 
in alr, water, food, drugs, and habitat Domiciliary aip pol- 
lution is detailed, and natural biologic exposure to dust, 
mold spores, danders, polléns, contactants, food, odors and 
terpenes is covered. Also discussed are application of avoid- 
ance procedures where specific excitants are recognized; the 
use of hyposensitization, desensitization, immunization and 
neutralization techniques when exposures are unavoidable; 
and the improved tolerance that results with avoidance and 
dietary, nutritional, orthomolecular and immunothera- 
peutic procedures. ’76, 832 pp. (6 3/4 x 9 3/4), 47 ıl, 94 
tables, $35.75 


AN INTRODUCTION TO BIO-INORGANIC CHEM- 
ISTRY edited by David R. Williams, The Univ. of St. An- 
drews, St. Andrews, Scotland. (23 Contributors) Since the 
realm of bio-imorganic chemistry entails the entire pheno- 
mena of human life, this volume could contain an infinite 
number of chapters. The selection has been-limited, there- 
fore, to sections describing the three natural divisions of the 
field: general principles of bio-inorganic chemistry, experi- 
mental methods used to produce the facts that gave rise to 
these principles, and application of these principles to med- 
icine. This book does not present mere streams of chemical 
facts unrelated to the world outside the lecture hall or labor- 
atory, but rather portrays bio-inorganic chemistry as the 
challenging, creative and relevant field of research that it is. 
76, 416 pp. (6 3/4 x 9 3/4), 341 ıl., 62 tables, $24.50 


SLEEP RESEARCH: A Critical Review (2nd Ptg.) by Frank 
R. Freemon, Vanderbilt Univ. School of Medicine, Nash- 
urile, Tennesse®. The various aspects of sleep research are 
brought together in this volume and their results are incor- 
porated into other sciences. The results can thus be used in 
the clinical treatment of patiénts. Theory 1s included when 
essential to an understanding of the factual material. Spe- 
cific topics include sleep phenomenology ın man, how the 
sleeper processes information and awakens, the application 

eof sleep research to patient problems, problems of in- 
somnia, and ways in which disease processes can change 
sleep patterns. 74, 220 pp., 17 il, 14 tables, $14.50 
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Chemotherapy of Herpes Simplex Virus ' 


edited by J. S. Oxford, F. A. Drasar and J. D. Willlams : 
May/June 1977, vill + 154pp., £4.80 (paperbound) 6.12.531760.3 


Herpes virus infections df man are an important cause of ocular disease and virus encephalitis. in certaln countries genital herpesis a 
sexually transmitted disease second only, in frequency, to gonorrhea. Virologists, cliniclans, chemists, biochemists and molecular 
biologists have contributed to the text, as it Is fett that progress In the control of the human virus depends on a multdisciplinary 
approach General aspects of herpes infection In man, domestic animals and birds are discussed, along with the basic virology. The 
pt of aber model infections, in the search for new drugs, are examined and the few compounds used in clinical 
medicine are assessed. g 





Advances in Physical Organic Chemistry ` 
Volume 14 | l 


edited by V. Gold 

associate editor: D. Bethell : 

April/May 1977, vili + 376pp., £16.0031.25  0.12.033514.x 
rom reviews of previous volumes. ‘the editor Is to be congratulated on his continued success in choosing,subjects and authors to 
provide reviews of wide interest and varied content... This sadiay is i Maton for any weil stocked chemical library, and is ikely to 
find its way into the shalves of many indivigua! physical-organic chemists. ae othe Faraid Soad 


Contents: T. W. Bentley and P. von R. Schleyer: Medlum effects on the rates and mechajisms of golvotic reactions A. Pross: The 
reactivity-selectivity principle and its mechanistic applications £. Buncel and H. Wilson: Physical organic chemistry of reactions In 
dimethyi sulphoxide. Michael J. Blandamer: Kinetics of organic reactions in water and aqueous mixtures. Author Index. Cumulative 
index to authors. Cumulative mdex to titles. š 


Linnean Soclety Symposium Serles Number4 __ 


Problems in Vertebrate Evolution 


edited by S. Mahala Andrews, R. S. Miles and A. D. Walker 

April/May 1977, xii + 412pp., 25 plates £18.50/$36.10 0.12.059950.3 

This book provides a new look at a wider range of problems In vertebrate eyoluton dealing, amongst others, with agathans, fishes, 
birds, dinosaurs and lizards, and Including studies on both fossil and Recent species The contributors present new evidence and also 
novel interpretations of existing data. Their work chee P pe m a posses ae tl eal Be 
functional anatomy, microstructure and morphogenesis The rs reflect the rapid changes ave taken place in comparativ 
biology In the last decade as aresultof new discovenes, the i uction of new techniques and refinement of methodology, and they 
indicate the possible directon of future work 


The Chemistry of Pyrroles 


R. Alan Jones and G. P. Bean 

May/June 1977, x + 528pp., £21.00/$41.00 0.12.389840.4 

The aim of this textbook Is to provide a comprehensive survey of the basic chemistry of pyrrole presented In a systematic modern 
manner. The eleven chapters discuss the structure, synthesis, and the reactivity of the pyrrole nng, the synthesis and reactivity of, 
substituted pyrroles and the physical organic properties of pyrrole and Its derivatives This new and very comprehensive book will be 
of great value to undergraduate and graduate students and workers in the flelds of chemistry and biochemistry, as well as In 
pharmacy and medicinal chemistry. 


Rare Gas Solids Volume 2 


edited by M. L Klein and J. A. Venables 
May/June 1977, xiv + 644pp., £26.00/$50.75 0.12.413502.1 
This book, together with Volume |, gives an up-to-date account of research on the rare gas solids. These golkis, formed by 
condensing helrum, neon, argon, krypton and xenon, are the simplest of all molecular solids, and consequently both theoretical and 
expenmental research has progressed further than that on other molecular solids By descnbing achlevements, and highlighting 
pomts of uncertainty, it ıs intended to stimulate further research on all these materials. The present volume contains largely the 
experimentaksts’s view of the subject, in contrast to Volume | which was mostly written by theoreticians. Volume 2 1s to some extent 
technique onentated and contains extensive tabulations and critical evaluation of experimental data for the rare gas solids 
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Interferon as an anti-viral 


Interferon and Its Clinieal Potential. 
By D. A. J. Tyrrell. Pp. viii+ 104. 
(Heinemann Medical: London, 1976.) 
£3.50. ° 


Tas brief and timely monograph 
clearly presents the authér’s personal 
views of the interferon area. The 91- 
page review covers twp decades of 
intensive research which has formed 
the basis for the present clinical in- 
vestigations involving interferon, fol- 
lowing its discovery in 1957. This re- 
markable molecule is not only of 
clinical interest as an anti-viral, but 
there is an emerging body of inform- 
ation supporting its role as a locally 
active cell regulator with a broad range 
of functions beyond its anti-viral 
action. It not only seems to influence 
malignant, immune and haemato- 
poietic cell division, but certain special- 
ised cell biosynthetic functions as well. 
This viral inhibitor discovered by Alick 
Isaacs now also attracts the efforts of 
molecular biologists as cell-free sys- 
tems have been developed in which it 
can be produced and in which anti-viral 
action can be demonstrated. The recent 
discovery of cell membrane receptors 
for interferon, which seem to be gang- 
liosides, should now allow elucidation 
of the mechanism of the first step in 
its action—that is, its binding to cells. 

The book provides the clinician, 
basic virologist, and specialised investi- 
gator with a firm basis for understand- 
ing the potential of interferon in 
human medicine. It is digestable in an 
evening of solid reading by anyone with 
an understanding of modern biology. 
Although clinical trial results are 
appearing with greater frequency and 
views on its mechanism of action will 
be sharpened as more ts learned of the 
fundamentals of viral replication, the 
basic description of the interferon 
system presented in this volume will be 
useful to future investigators. 

The enthusiasm of the writer and his 
clear style of writing leads the reader 
through the voluminous recent litera- 
ture in this area. One hundred and 
sixty-five carefully selected references 
are used to support a very readable dis- 
cussion of interferon action and pro- 
duction in cell culture, animal models 
and human disease settings. Present 
concepts of the assay, properties and 
purification of interferon are also dis- 





cussed. A number of well cast tables 
and easy-to-comprehend diagrams aid 
the reader in following the text. The 
methods for preparation and purifica- 
tion of human leukocyte interferon for 
clinical use, developed in Finland and 
in the UK, are discussed by the author, 
who was chairman of the UK Scientific 
Committee pn Interferon, a group 
which planned and supported much of 
the early work with the material. The 


eviews 


Thomas C. Merigan 


long experience of the author in this 
area insures the reader that the book 
accurately presents the basic biology 
of thé interferon system, together with 
present accomplishments and perspec- 
tives for its use as a clinical anti-viral 
and anti-tumour agent. O 


T. C. Merigan is Professor of Medicine 
and Head of the Division of Infectious 
Diseases gt Stanford University School of 
Medicine, Stanford, California. 


Arroyos in the American South-West 





e 
Arroyos and Environmental Change in 
the American South-West. By R. U. 
Cooke and R. W. Reeves. Pp. xii+213. 
(Clarendon: Oxford, 1976.) £8.50. 





Large gullies with near vertical walls 
and flat, sandy bottoms, dissecting the 
alluvial valley floors of the American 
South-West, have attracted the atten- 
tion of geologists and geographers for 
several decades. The arroyos, as they 
are called, seem to have developed 
after 1850, about the time of white 
settlement and the introduction of live- 
stock in large numbers to the westérn 
plains. Not unnaturally, it was com- 
monly supposed that land-use changes 
were responsible for the erosion, on 
account of depletion of the vegetation 
and greater runoff. Sedimentary sec- 
tions showed, however, that there had 
been earlier periods of trenching in pre- 
historic times, and it was suggested 
that slight climatic changes were at 
least partly responsible. 

It is known that overstocking occur- 
red in Arizona about the same time 
as severe drought in the 1880s, and it is 
clear from J. R. Hastings and R. M. 
Turnér in The Changing Mile (Univer- 
sity of Arizona, Tucson, 1965) and 
from other sources that the vegetation 
has deteriorated markedly since that 
time. Cooke and Reeves show that in 
the coastal regions of southern Cali- 
fornia where arroyosealso occur, rain- 
fall records provide no support for the 
idea that secular or cyclic changes in 
precipitation have played a determin- 
ing role in the formation of the arroyos. 
Furthermore, they present evidence 
that calls into question much that is 
commonly accepted about the effects 


of land-use on runoff coefficients. 
Using archival records of various 
kinds, “and in particular the field note- 
books of the US General Land Office 
surveyors, Cooke and Reeves trace the 
development of a large number of indi- 
vidual arroyos. As they acknowledge, 
the extension of certain Californian 
arroyos was documented by W. B. 
Bull (Am. J. Sci. 262, 249-258; 1964). 
Their own study is much more exten- 
sive. It demonstrates that wherever the 
history of an arroyo can be traced, 
individual events and acts of inter- 
ference by man have been responsible 
for its initiation and enlargement. 
Cultivation of valley floors and destruc- 
tion of vegetation along shallow water- 
courses have usually played an impor- 
tant part; but in the case of the San 
Simon arroyo, for example, a wagon 
route seems to have been the immediate 
cause of gullying, whereas the Santa 
Cruz arroyo was initiated by water 
supply channels. Elsewhere, concentra- 
tion of drainage water by culverts or 
other man-made features started the 
downcutting. 7 
Arroyos have destroyed floodplains, 
accentuated flood peaks and accele- 
rated sedimentation to the detriment 
of the epvironment of the American 
South-West. We now know that they 
are the outcome of a multitude of indi- 
vidual events and that sweeping ex- 
planations are inadequate. Cooke and 
Reeves have labouriously but effectively 
sawn through the Gordian knot tied by 
earlier investigations. 
A. T. Grove 


+ 





A. T. Grove is Lecturer in the Department 
of Geography at the University of Cam- 
bridge, UK. 
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Stereochemistry 


Stereochemistry: An Introductory Pro- 
gramme with Models. By J. Pearce and 
E. Glynn. Pp. 171 +cut-out kit. (Wiley: 
London and New York, 1976.) £2.75; $5. 


TEACHERS involved in imparting the basic 
principles of stereochemistry in organic 
molecules to their students are always 
faced with the problem of persuading the 
students to purchase sets of molecular 
models and to use them to build three- 
dimensional structures, thereby gaining a 
better understanding of stereochemistry. 
Pearce and Glynn have produced a kit of 
models and shapes together with a pro- 
grammed text containing clear and de- 
tailed instructions, so that a student may 
work at‘his own pace, in discovering the 
essential principles of stereochemistry and 
conformation. A number of f&scinating 
shapes are provided which enable the 
student to gain an understanding and 
appreciation of chirality and its impor- 
tance in stereospecific reactions in both 
chemical and biochemical systems. 

The models are of the well-known 
‘orbit’ type and are easily assembled; 
cyclohexane and its derivatives in particu- 
lar are easily constructed and manipu- 
lated. The programmed text ipcludes a 
progressive series of questions for the 
student to answer, often as a result of the 
assembly and study of models or shapes. 
The answer is provided after each ques- 





tion and at the end of each séction the 
essential principles relating to it are 
reviewed. 

The text begins with a discussion of the 
various types of molecular models, and 
instructions relating to the construction 
of models of simple covalent molecules 
using the kit provided. Confgrmations of 
open-chain and ring compounds are dis- 
cussed, followed bY a consideration of 
chirality and restricted rotation. The vari- 
ous strategies for examining molecular 
shapes are explained, and the objectives of 
the learning program summarised. A 
series of appendices are provided at the 
end of the text, some of which the 
reviewer would have found more useful if 
given either at appropriate places in the 
text or at the beginning. The text might 
also have benefited from a more detailed 
consideration of the D/L and R/S con- 
ventiqns. 

is is an excellent programmed text 
and set of models and shapes for a 
student to use in discovering the prin- 
ciples of stereochemistry. It is good value 
for money and can be strongly rgcom- 
mended. A larger set of models attached 
to the text, however, would be desirable 
for long-term use to enable the student to 
build larger models, pertaining to his own 
interests and possibly outside the range of 
the text. " DD. L Davies 


D. F Davies is Reader in Organic Chemistry 
at King’s College, University of London, UK. 


Kew Record of Taxonomic Literature 


This comprehensive annual publi¢ation indexes literature 
relating to the vascular plants of the world and inclùdes all 
new names at all ranks with the exception of cultivars. No 
other single publication fulfils this need for unified 
coverage of the world’s taxonomic and related literature. 
Since 1974 four volumes have been published, and volumes 
for literature published in 1975 and 1976 are at press. 


1971 404pp 297mm 0112405185 £14 (£14.70) 
1972 422pp 297mm 0112409547 £20 (£20.70) 
1973 387pp 297mm 0112411096 £24 (£24.70) 
1974 394pp 297mm 0112461118 £34 (£34.70) 


Prices in brackets include postage 


Send your orders to HMSO Books (PMIC), Atlantic House, 
Holborn Viaduct, London ECIP IBN, or to your nearest 
Government bookshop or agent. e 


HMSO Bookshops and Agents are prominently listed in 


Yellow Pages. 
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Aspects of 
hydrology ` 


Facets of Hydrology. Edited by John 
Rodda. Pp. xvi+368. (Wiley: London 
and New York, 1976.) $39; £19.50. 


THis book is a bold attempt to bring 
together, in a single volume, papers des- 
cribing much of the hydrological work 
which has been undertaken in the past 
decade. Most. of the authors are inter- 
nationally recognised experts, although a 
few are little known outside their own 
country. ° 

The stated aim of the book is te pro- 
voke the interest of a range of readers, 
both researchers and practitioners, who 
are hydrologists or scientists working in 
allied fields. These aims are achieved with 
a fair measure of success but,’as is often 
the case with a book produced for a wide 
and diverse audience, it is not entirely 
successful. At the one extreme some 
chapters may be regarded as superficial 
by experts in the particular subject; at 
the other there are chapters which are 
written for readers who themselves al- 
ready have a very specialised knowledge. 

Nevertheless, every reader will find 
much of interest in a book which will 
enable him to acquire knowledge of many 
of the facets of hydrology with which he 
was not familiar. 

It is not possible to comment on each of 
the chapters in the book and to single out 
any particular chapter is simply to reflect 
the reviewer’s own interests. The chapters 
on river gauging, water quality, basin 
studies, statistical methods, and law, how- 
ever, each demonstrate in their own way, 
the diversity of material presented. 

In the chapter on river gauging three 
new methods are discussed with a sensible 
balance between theory and practical 
applications. The fact that there is a chap- 
ter on water quality will be particularly 
welcomed by those people who have 
always argued that the division between 
water quality and water quantity is an 
artificial one. The chapter on basin 
studies presents a representative selection 
of the very wide range of work under- 
taken in recent years. That on statistical 
methods is one of the chapters requiring a 
fair degree of specialist knowledge. It 
tackles the problem of spatial variation 
in hydrological variables in a way which 
will be extremely useful to those people 
who are confronted with the problem. 
The chapter on Jaw is a comprehensive 
review of the water law and will be of 
interest to all water resource engineers. 

The overall impression is of a book 
which should find its way on to the 
shelves of most serious hydrologists and 


of all well stocked libraries. 
M. J. Hamlin 





M.J. Hamlin ıs Professor of Water Engineer- 
ing at the University of Birmingham, UK 
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WILEY 


INTERSCIENCE. 


CHEMISTRY OF THE FUNCTIONAL 
GROUPS: SUPPLEMENT A: THE 
CHEMISTRY OF DOUBLE-BONDED 


FUNCTIONAL GROUPS 
edited by S. Patal, The Hebrew University, Jerusalem. 


The series “The Chemistry of the Functional Groups” ıs planned to 
cover in each volume all aspects of the chemistry of one of the 
important functional groupsein organic chemistry. This volume 
covers compounds containing a carbon-carbon, carbon-oxygen, 
carbon-nitrogen, or nitrogen-nitrogen double bond. 

(Bound in 2 parts) . , 
0471 66940 7 1374 pages March 1977 TE AA 


0471 9946842 888 pages P £29.00/$52.50(part 1 
0471 984650 706 pages i £29.50/$55.00(part 2) 
A TREATISE ON DINITROGEN 
FIXATION 


R. W. F. Hardy, E. |. du Pont de Nemours & Co., 
. Silver, University of South Florida ° 


‘Section Ill: Biology 


and W. 


This is devoted to a consideration of the broader aspects of dinit-. 


rogen fixation —- the organisms involved, pertinent physiological 
processes of the microbe and the host plant, and, where approp- 
rlate, certain phytogeographical facets : 


0471 35138 5 approx. 688 pages In Press 
approx. £24.80$41.10 


Section IV: Agronomy and Ecology, 


Emphasizes the nature and extent of the contribution of free;tving 
and Weis diazotrophs in both natural habitats and agricultural 
situations. 


0471 02343 4 approx. 544 pages in Press 


7 l approx. £22.60 37.50 
TOPICS IN PHOSPHORUS 


CHEMISTRY Vol. 8 
edited by E. J. Griffith, Monsanto Co, 
and M. Grayson, Ameriean Cyanamid Co. 


This provides critical evaluations and reviews of progress in the 
diverse special areas of the subject, written by scientists actively 
engaged in work in the field. oes include: Chemistry of Phos- 
phorohydrazides and Azides, Mass Spectra of Organophos- 
phorus Compounds; NMR Parameters of the Proton Directly 
Bonded to Phosphorus; A Study of Isolated Complexes of Neutral 
Ligands and the Chemical Analysis of Phosphate Rock. 


0471 32789 1 872 pages February 1977 £30.70/$ 52.00 


QUATERNARY STRATIGRAPHY OF 


NORTH AMERICA 
edited by W. C. Mahaney, York University. 


This volume summarizes the composition, sequence and correla- 
tion of Quaternary surficial matenals in North America. It includes 
24 papers which summarize the status of knowledge, research 
gaps, problem areas and future trends Particular emphasis is 
placed on research of the last decade. (Quaternary Stratigraphy 
Symposlum 1976) 


0470 98945 9 528 pages February 1977 £20.604534.95 


Published by Dowden, Hutchinson & Ross Inc., and distnbuted by 
John Wiley & Sons Ltd. 





JOHN WILEY & SONS 


THE ENZYMES OF BIOLOGICAL 
MEMBRANES 

edited by A. N. Martonosi, Department of Biochemistry, School 
of Medicine, Saint Louis University. 

Vol. 1: Physical and Chemical 
Techniques 

Deals with the physical and chemical techniques (X-ray crystallog- 
raphy, nuclear magnetic and electron spin resonance, floures- 


cence spectroscopy, Immunochemistry, etc.) used in the charac- 
terization of membrane enzymes. e 


0471 99427 8 272 pages November 1976 £10.50420.00 
” e 


Vol. 2: Biosynthesis of Cell 
Components 


Emphasizes the Importance of membrane linked enzymes par- 
ticipating in phospholipid, sterol, protein, and glycoprotein synth- 
esis or in the synthesis of the bacterial celi wali. 


0471 99428 6 672 pages November 1976 


Vol. 3: Membrane Transport 


Contains Information on the transport systems of bactertal and 
animal cell membranes and their mode of coupling to a metabolic 
supply of energy. 

0471 994294 476 pages November 1976 £21.0039.00 


Vol. 4: Electron Transport Systems 


and Receptors 


Deals with electron transport providing a concise, critcal, and 
up-to-date picture of the problems and accomplishments of the 
field. 


£28.00/§ 55.00 


0471 99430 8 448 pages November 1976 £20.00/$37.00 


MECHANICS OF THRUST FAULTS 


AND DECOLLEMENT 
edited by B. Voight, Pennsylvania State University. 


Through a selection of classic papers from the research kterature, 
this presents a history of the development of thrust fault analysis, 
and therefore, a history of tectonic geology. This book will be of 
particular Interest to structural geologists, petroleum mae 
and solls specialists. (Benchmark Papers in Geology Vol. 32) 

0470 98946 7 494 pages February 1977 £24.00 40.65 


Published by Dowden, Hutchinson & Ross Inc., and distnbuted by 
John Wiley & Sons Lid. 


IMINIUM SALTS IN ORGANIC 


CHEMISTRY Part 1 


edited by H. Bohme, Universitat Marburg, Germany, 
and H. G. Viehe, Université de Louvain, Belgium. 


Together, Parts 1 and 2 will describe beeps gure of he 
otential of iminium functions in syfithons of nature, industry, an 
fascerch Part | covers theoretical and physical aspects, with part 
2 providing more synthetically oriented chapters underlining the 
power of the immium function. (Advances in Organic Chemistry) 


0471 90692 1 646 pages February 1977 £32.00/554.00 
: N 
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new booksin 


BIOCHEMISTRY 





Biomedical Applications 
of Immobilized Enzymes 
and Proteins 


edited by T. M. S. Chang 
McGill University ‘ 


One of the most productive new research areas in 
modern biochemistry has been the development and 
widespread application of Immobilized enzymes and 
proteins. This outstanding two-volume work offers the 
first comprehensive survey of both the fundamental 
blochemistry and the Innovative use of biologically 
active solid-phase materigis In biology and medicine. 
The first volume is devoted to the basic chemical and 
physical properties of Immobilized blochemicals, and 
to the multiplicity of current and future therapeutic 
applications, Including the feasibility of immobilizing 
various enzymes and proteins for use In specific 
treatment regimes. Volume 2 discusses the applica- 
tions and prospects of these substances in diagnosis 
and in public health as well as the techniques used 
in clinical and | preventive medicine. 


Volume 1: approx. 415 pages, Illus.°$53.40 
Volume 2: approx. 355 pages, Illus., $47.40 


Immunochemistry of Proteins 


edited by M. Z. Atassl 


Mayo Graduate School of Medicine 

and University of Minnesota 

This outstanding new treatise reviews the major con- 
temporary approaches to the study of the antigenic 
structure of native proteins, gathering together and 
critically evaluating for the first time the voluminous 
research literature on the immunochemlstry of pro- 
teins. Toptes covered In Volume 1 Include chemical 
modification and cleavage reactions of proteins; ef- 
fects of conformational changes and evolutionary 
mutations; in vitro immune responses; and fluores- 
cence polarization. Volume 2 presents a thorough 
examination of those proteln syst8ms that have 
proved central to a general understanding of protein 
immunochemistry, Including the antigenetic structure 
of myoglobin and lysozyme. 


Volume 1: approx. 440 pages, illus., $53.40 
Volume 2: approx. 415 pages, Illus., $53.40 
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Lipid Metabolism in Mammals 


edited by Fred Snyder 

Oak Ridge Assoclated Unlversitles 

Medical and Health Sciences Division 

This comprehensive treatise is destined to become 
the standard reference source on lipid metabolism in 
mammals. Emphasizing the uniqueness of Ilpid path- 
ways in the different organs of the body, thorough 
and critical coverage Is devotéd to the comparative 
lipid blochemistry of each. Volume 1 explores the 
lipid pathways of the heart, liver and brain, as well as 
gastrointestinal tissues and blood cells. Volume .2 
covers lipid metabolism in the lung, kidney, eye, 


gonadal tissue, mammary glands and = skeletal 
muscle. 

Volume 1: approx. 400 pages, illus., $51.00 

Volume 2; approx. 385 pages, Illus., $51.00 . 


Alkaloid Biology 
and Metabolism in Plants 


edited by George R. Waller 

Oklahoma State Unlversity 

and Edmund K. Nowacki 

institute for Blochemistry and Plant Physiology 

East Polish Division of Plant, Soll, and Nutrition Science 
Authoritatively written, this treatise carefully presents 
and evaluates all significant recent advances made 
in the field of alkaloid blololgy and metabolism in 
plants. The authors consider such topics as: blosyn- 
thesis; catabolism; genetic, chemotaxonomic, and 
environmental influences on alkaloid production; 


. alkaloid formation sites; and the role of alkaloids in 


plant physiology. Results obtained from studles using 
isotopic labeling and from studies conducted with 
whole plants are Included as well. 


approx. 250 pages, illus., $27.00 
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Biosynthetic Products 
for Cancer Chemotherapy 


Volume 1 i 


by George R. Pettit ý 
Arizona State University 


This volume provides an up-to-date overview of can- 


,cer chemotherapy and of the development of spe- 


cialized drugs of blosynthetic origin for cancer 
treatment. The author discusses: naturally occurring 
antineoplastic and cytotoxic agents; higher plant 
terpenoids, sterolds, and lignans; quinones, flavans, 
and other non-nitrogenous plant products; alkalolds, 
amides and ansa macrolides; fungl and other lower 
plant biosynthetic products; and biosynthetic prod- 
ucts from both marine invertebrates and vertebrates, 
as well as from other animals. An outstanding guide 
for the future study of chemotherapeutic agents. 


approx. 200 pages, $23.40 


PLENUM PUBLISHING CORPORATION, 227 West 17th Street, New York, N.Y. 10011 
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Zeolite catalysis 


Zeolite Chemistry and Catalysis. (ACS 
Monograph, 171.) Edited by J. A. 
Rabo. Pp. viiit+ 796. (American Chemi- 
cal Society’ Washington DC, 1976.) 
$65. 


In the preface to D. W. Breck’s Zeolite 
Molecular Sieves (Wiley-Interscience, 
1974), the author states that the im- 
portant subject of zeolite tatalysis was 
deliberately omitted. This serious omis- 
sion has now been rectified by the 
publication of the* only other major 
work in this field, edited by Jule Rabo, 
an associate of Dr Breck at the Union 
Carbide Corporation. All zeolite 
chemists now have two texts to keep 
on hand, which between them cover 
all the aspects of the subject and survey 
many important papers published up to 
the end of 1973. 

It is a pity, however, that a book as 
costly as this one could not have been 
published more quickly, so that there 


Haha eee 


is not such a wide gap in the literature. 
The book has, however, been carefully 
edited. There are only a small number 
of printing errors, most of which are 
obvious to a reasonably well-informed 
reader, 

Six of the chapters are written by 
personnel from the Union Carbide 
Corporation, making the book some- 
what biased in its outfook. This is a pity 
considering that much important work 
in this field is being carried out in 
European and Japanese laboratories. It 
is also a pity that a chapter emanating 
from the Mobil laboratories, where 
some of the most important research in 
this field has been carried out, could 
not have been included. 

Despite these criticisms, this is an 
excellent book which will be an essen- 
tial acquisition for all those working in 
this field. L. V. C.,Rees 


L. V. C. Rees is Senior Lecturer in 
Physical Chemistry in the Department of 
Chemistry at Imperial College, University 
of London, UK. 





Unity of chemistry 


Inorganic Aspects of Biological and 
Organic Chemistry. By R. P. Hanzlik. 
Pp. xvii+402. (Academic: New York 
and London, 1976.) $37; £26.25. 


ALTHOUGH I agree whole-heartedly with 
the intentions expressed in the fore- 
word tô this book I am somewhat 
dissatisfied with the way in which they 
have materialised. It is true that inter- 
disciplinary areas such as those between 
inorganic and organic chemistry 
(organometallic chemistry) and between 
inorganic and biochemistry’ (bio- 
inorganic chemistry) provide a teaching 
opportunity which, if properly 
accepted, could show a student the 
unity of chemistry. The obvious danger 
is that, while stressing the inter- 
disciplinary elements of the topic, the 
clear strengths of the disciplines 
themselves are lost. 

The title tells us that the three 
disciplines we need are those of 
Inorganic Chemistry. Organic Chemis- 
try and Biology. The author tackles 
inorganic chemistry bravely in the 
introductory chapter and covers the 
organic chemistry well in later chapters 
(that is, its inorganic aspects). As there 
are many good texts on organo- 
metallic chemistry, however, I looked 
for something * extra which would 
provide the essential link with biology. 
Surely this must be through topics 
such as oxygen insertion, Grignard re- 
agents, hydrogen activation, ester and 
amide synthesis, hydrolysis, and so on. 


I feel then that I should have been 
given detailed contrasts between peroxi- 
dase, cytochrome P-450 and Fenton’s 
reagent; magnesium Grignard reagents 
and vitamin By; Wilkinson catalysts 
and hydrobenases; and between Lewis 
acid-base ° catalysts and metallo- 
enzymes Unfortunately many of these 
topics receive scant treatment. The 
reason is I believe a lack of insight 
into biology, and I therefore look upon 
this volume as a brave and worthy 
attempt, rather than a great success, 
for I miss the special features of the 
discipline which is biology. 

Surely the staggering feature of all 
biological chemistry is organisation 
without simple order. Even trivial com- 
pounds such as calcium carbonate have 
to be regarded with different eyes when 
they appear before us in shells, with 
their enormous variety of shape and 
form. Again, to mention cytochromes 
and not the organised system of 
catalysts of photosynthesis, or to leave 
out chlorophyll and its special organised 
function in the leaf, or to omit halo- 
genation by peroxidases and the 
relation to immune systems, leaves the 
feeling that the inorganic aspects of 
biological chemistry are not seen in 
their true depth. 

Dr Hanzlik has produced a good 
book, but there was fhe material here 
for a really wonderful one 

- RS. P. Williams 


R. J. P. Williams is Napier Research Pro- 


fessor of the Royal Society, working in 
the Inorganic Chemistry ratory, 
University of Oxford, UK. 
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Natural Resources Forum ıs a journal 
devoted to the study of ecorfomic, 
scientific, technological and policy 
aspectssof energy, minerals and water 
resources development This jour- 
nal’s aim is to aqualnt policy-makers 
with current problems of resources 
and energy development; to supply 
accurate information written in a very 
readable and comprehensible style, 
and to provide an outlet for construc- 
tlve debate on controversial Issues 
Natural Resources Forum will exam- 
ine ways and means of increasing 
supply by exploration, investment 
and new technologies; it will look at 
the possebllities of reducing demand 
(when desirable) through conserva- 
tion and substitution 

Man In his attempt to solve natural 
resources problems, must recognize 
the long-term nature of these prob- 
lams and the need to base new poli- 


ecles upon well fdunded knowledge 


and facts It will be the objective of 
Natural Resources Forum to heip In 
the achievement of these goals for 
man 

Natural Resources Forum wiji be 
published quarterly on behalf of the 
United Nations by D. Reidel Publish- 
ing Company, Dordrecht, Holland. 


Quarterly. Dfl.°90,- / US $34.00 per 
volume of four issues, including 
postage and handling. 

Private subscription price Dfl. 45,— / 
US $17.00, including postage and 
handling. 

The first issue is scheduled for Fall 
1976 e 


Ask for your free sample copy 


D. Reidel 
iiD) Company 


P.O. Box 17, Dordrecht-Holland 





Lincoln Building, 160 Old Derby Street, 
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Insect viruses 


Virus—Insect Relationships. By Kenneth 
M. Smith. Pp. viii+291. (Longman: 
London and New York, 1976.) £11. 





A NEW BOOK On insect viruses is a rare 
and welcome event for those who work 
in this area, so a first reaction to it is 
naturally one of enthusiastic interest. 
This book ıs a well produced volume, 
nicely laid out and printed in a clear 
easily read type. There are many illus- 
trations but most of the electron micro- 
graphs are marred by their flat grey 
tones. It is a pity that closer examin- 
ation soon tempers this first impression, 
Some fears are aroused by certain com- 
ments im the preface: “This book has 
been written by one of the few remain- 
ing old-fashioned virologists’.and ‘‘de- 
tailed accounts of the chemical nature 
of the viruses and their molecular 
biology have been omitted’’. Is this an 
apology for an incomplete or outdated 
treatise? 

The book is divided into two parts, one 
giving an account of the types of virus 
and virus disease affecting insects, the 
other discussing more general aspects 
such as infection and replication. 
Although there are advantages to sucha 
layout, it does mean that repetition 
occurs and narrative lacks cohesion, 
The further division of the chapters in 
the first part of the book into a general 
account of the virus group followed by 
descriptions of spetific viruses was ill- 
advised. Both repetition and contradic- 
tion occur as a result. The general 
account component of each chapter 
decreases progressively from two and a 
half pages in chapter 1 to four sen- 
tences in chapter 7 so possibly the 
author by then had appreciated the 
difficulties that this approach creates. 
The book has other structural peculi- 
arities. Just one example is the group- 
ing together of parvoviruses and pic- 
ormaviruses in one chapter (with a short 
general introductory account dealing 
with parvoviruses only), whereas viruses 
of the honey bee and Drosophila species 
are-deemed worthy of a separate chap- 
ter despite the fact that most of them 
are small spherical RNA-containing 
viruses anyway. 

The chapters in this first part of the 
book describe the various groups of 
insect viruses mainly from a morpho- 
logical standpoint, with only spasmodic 
attempts to include relevant biophysical 
or biochemical data. More recent 
efforts in insect virus research, such as 
the definition of methods and criteria 
for identifying the Jarge number of 
virus isolates from diffeyent insects 
more reliably than by naming the host 
insect, are given scant attention. *Not 
only are such recent data omitted but 


certain accounts also seem outdated 
conceptually and there are several 
examples quoted of observations or 
hypotheses which would not now find 
great support. There are.some errors 
also. For example, the 1.38% DNA 
quoted for one insect poxvirus has since 
been corrected to nearer 5%, and 
Fig. 5.6 is in fact a picture of Wiseana 
cervinata iridescent virus and not that 
of Costelytra zealandica. 

In the second part of the book the 
chapters on serology, nucleic acids and 
tissue culture in particular are poorly 
done. Similarly the account of possible 
hazards ın applying insect viruses as 
pesticides does not do justice to the 
amount of time and effort spent on this 
topic in the last three years. Surpris- 
ingly it is only in this chapter that one 
can find any mention of the -epizooti- 
ology of insect virus diseases. I am 
surprised also to find staining methods 
for optical microscopy included as 2 
separate chapter when little effort has 
been made to describe Jaboratory tech- 
niques elsewhere. For example, the 
chapter on insect cell culture gives no 
details of available cell lines or media 
(in contrast to the chapter on insect 
rearing where details of synthetic diets 
are provided) and the reader is referred 
to somewhat out-dated sources of 
information. 

Two chapters are included on vectors 
of viruses. The one on “Insects and 
other arthropods as vectors of plant 
viruses” is a useful general account, 
although many plant virologists will be 
surprised to read that semi-persistent or 
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circulative viruses show no latent 
period ın the vector and do not survive 
after a moult. One confusing aspect of 
this chapter is that its subdivision by 
headings of different type face and size 
seems quite illogical. The chapter on 
“Insects and other arthropods as vec- 
tors of animal viruses”’ is of little value. 
it 1s woefully brief for a topic of this 
magnitude and importance, and the 
examples described appear to have been 
chosen at random. Both of these ac- 
counts seem rather out of place in the 
book, encroaching as they do on other 
major areas of yirology, and they 
should perhaps have been given a 
separate section at the end. 

The impression left after reading 
this book is that sadly it is an oppor- 
tunity missed, It is quite uncritical and 
often strangely unbalanced in that 
examples of work have been selected 
for description, and others excluded, 
apparegtly without valid reason. Insect 
virology has become a more challenging 
and exciting subject in the last five 
years. The book conveys little of this 
to the uninformed reader. To the 
specialist it is a disappointment. But 
this book has no competitors and there- 
fore it has some value and usefulness 
simply because it is a modern text on 
insect viruses. As such it will find n 
place on library shelves as a teaching 
aid and a reference source. We de- 
served better. K. A. Harrap 


K. A. Harrap is Head of the Virology 
Section at the NERC Unit of Invertebrate 
Virology, Oxford, UK. 





Tron—sulpbur 
proteins 


Iron—-Sulfur Proteins. Vol. 3 : Structure 
and Metabolic Mechanisms Edited by 
W. Lovenberg. Pp. xiv+443. (Aca- 
demic: New York and London, 1977.) 
$39.50; £28.05. 


SINCE the publication of volumes 1 and 2 


in this definitive series in 1973 a number 
of significant advances have been made 
in the study of iron~sulphur proteins. 
These are reviewed in this volume which 
again is a ‘must’ for anyone interested in 
the biology and chemistry of iron- 
sulphur proteins. 

Beinert’s chapter on the iron-sulphur 
centres of the mitochondrial electron 
transfer system covers “those develop- 
ments of the last five years that have 
made the cytochromes minority con- 
stituents”. The multiplicity and diversity 
of iron~sulphur centres makes it necessary 
to have an electron paramagnetic reso- 
nance apparatus to study electron trans- 
port in mitochondria. It is a pity that the 
iron-sulphur centres in photosynthetic 
membranes were not dealt with similarly. 


The enzymology of nitrogenase has 
advanced significantly and is excellently 
reviewed by Orme-Johnson. The genetics 
of the nitrogen-fixing (nif) gene and the 
regulation of these genes is the subject of 
Valentine’s chapter. The transfer of nif 
genes to non-nitrogen-fixing organisms is 
an exciting possibility for the future. 

Mossbauer spectroscopy has been 
crucial in the understanding of the 
electron transfer properties of the iron- 
sulphur centres. Two chapters by Cam- 
mack, Dickson and Johnson, and by 
Debrunner et al. review the evidence 
which has been used to adduce structures 
of the 1Fe, 2 Fe and 4Fe centres, and help 
confirm X-ray evidence discussed 
separately by Carter. 

Finally, the chapter by Holm and Ibers 
on synthetic analogues of the active sites 
of iron—sulphur proteins describes the 
status of their work. Holm’s group has 
synthesised analogues of 1Fe, 2Fe and 
4Fe centres. The chemical and physical 
properties of these centres are summarised, 
and make beautiful reading. D. O. Hall 


D. O. Hall is Professor of Biology in the 
School of Biological Sciences at King’s College, 
University of London, UK. 
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W. H. Morton 


Witt1aM H. Morton, for seven years 
Assistant Professor of Geology at Addis 
Ababa University,* Ethiopia, was shot 
to death by Government troops in Addis 
Ababa on 10 March 1977, one of the 
many victims of the current political 
disturbances in Ethiopia. 

Bill Morton graduated from Man- 
chester niversity and served his 
apprenticeship with the Geological 
Survey of Uganda. A field geologist 
par excellence, he belonged *to that 
select group of British geologists with 
detailed first-hand knowledge of the 
remoter parts of East Africa. 

In addition to his own research pub- 
lications, always the fruit of long 
months of painstaking geological map- 
ping with his colleagues and students, 
Bill had a very real desire to share his 
hard-earned geological knowledge with 
students and teachers throughout the 
country. He had recently completed a 
handbook for non-specialists on the 


rocks, minerals and fossils of Ethiopia, 
and was awaiting the comments of his 
colleagues. Its publication may have to 
await happier times. Of more immediate 
value to the government of Ethiopia 
are the geological maps of many parts 
of the country, including the Addis 
Ababa region, which Bill and his for- 
mer students produced with that 
attention to detail and high degree of 
intellectual honesty which , were 
amongst his outstanding qualities. * 
The Afar Triangle has stimulated new 
concepts in geology which have reper- 
cussed far beyond Africa, and Bill 
Morton made his own contribution to 
the knowledge of a region that has at- 
tracted so many distinguished earth 
scientists. Starting with a recognition 
that the tilted fault-blocks bordering 
the Afar were the result of extension 
tectonics and not, as previously thought, 
of folding and decompressive stresses, 
Bill and his colleagues went on to de- 
velop a model of crustal attenuation 
as part of a continuous process of plate 


separation. His studies of Afar tec- 
tonics, of the age trends of plateau and 
rift margin volcanics in Ethiopia, and 
of crustal thinning at rift margins, 
some of which appeared as seminal 
papers in Nature, were always con- 
veyed in clear and simple prose, a 
by-product of his experience as a 
teacher. 

A level-headed and thoughtful per- 
son, Bill Morton was a tireless teacher, 
devoted fo his students and immensely 
concerned with imparting practical and 
worthwhile knowledge. He was equally 
at home on the summit of a glaciated 
volcano as at the bottom of Ethiopia’s 
deepest known pot-hole. Well loved by 
students and colleageus, he was highly 
respected by geologists from many 
countries. In a tragic moment, Ethio- 
pia has lost a man who had devoted 
his career to her scientific advance- 
ment and welfare. His many friends 
and geological colleagues both inside 
and outside Ethiopia will remember him 
with love and professional admiration. 

D. Adamson, F. M. Dakin and 
e M. A. J. Williams 





Hans-Lukas Teuber 


HANS-LUKAS TEUBER,e Professor of 
Psychology at M.I.T., was lost on 
January 4 while swimming off the 
British Virgin Islands. It is thought 
likely that he died of heart disease; he 
was 60 years old. Many in Britain will 
share the sense of loss, not only 
because “Luke” (as he became known 
in later years as he became fully 
absorbed into the American culture) 
was an indefatigable traveller and 
lecturer, but also because of a 
memorable year as Eastman Visiting 
Professor at Oxford in 1971-2. His 
audience and influence were deservedly 
world-wide. 

In later years he was perhaps best 
known as the father of a distinguished, 
indeed unique, centre of psychology 
and brain sciences at M.1.T., to which 
his devotion was complete and in 
which his pride, was transparent. But 
it was his earlier highly penetrating 
and influential analyses of the problems 
and mechanisms of visual perception, 
in particular, and of brain function 
more generally, with which he first 
made his mark. His early major 


researches were on the psychologital 
analysis of brain wounds in war 
veterans, carried out while serving with 
the U.S. Navy during World War N. 
This type of research remained a con- 
suming interest until the end, but he 
contributed a unique and distinctive 
personal approach to a tradition that 
had its roots in 19th century neuro- 
ology. To that tradition Teuber injected 
a concern for the importance of certain 
crucial demands that modern psycho- 
logical analysis places upon the inter- 
pretation of brain function. He was, 
for example, one of the first to seize 
upon the importance of the distinction 
between externally imposed changes in 
sensory stimulation and those that 
result from  self-initiated movement, 
which produces a “corollary dis- 
charge.” He was quick to spot and 
integrate important modern develop- 
ments, both technical and intellectual, 
but these always were seen in a 
historical context which he viewed 
with enormous erudition and reverence. 

Born in Germany and educated at 
the French College in Berlin and at 
the University of Basel, he emigrated 
to America during the War and 


received his doctorate in psychology at 
Harvard in 1947. He claimed that he 
was accepted as a desirable emigré, 
when his ship was stopped at Gibraltar, 
because he was able to converse freely 
in Latin and Greek with the young 
inspecting British officer. His father 
was founder, fof the Prussian Academy 
of Sciences, of a field station for the 
observation of chimpanzees on 
Tenerife, whose fame was later 
assured by the important work of 
Wolfgang Köhler (The Mentality of 
Apes) carried out there. This perhaps 
accounts for Teuber’s early interest in 
problems of visual perception identified 
by the Gestalt psychologists, and his 
friendship and admiration for Köhler 
were life-long. 

At Harvard, the story is told, he 
managed to fail the compulsory 
German translation because, as a new 
arrival, he did not know enough 
English into which to translate the 
German. But, if so, his command of 
English soon developed to lofty heights, 
and he could hold an audience rapt 
with his eloquent and gently humorous 
style. In 1947 he joined the faculty of 
the Bellevue Medical Center of New 


486 


York University, where he remained 
until 1961, when he became Proféssor 
of Psychology at M.1.T. His quickness 
of repartee was renowned. On one 
occasion, when chided at a symposium 
by an impatient pgrticipant for his 
frequent references to 19th century 
authors, Teuber replied without hesita- 
tion that he merely wanted to display 
his originality. And he took a quiet 
delight in his skill at improvisation and 
extemporaneous delivery. When a 
lecture to a large audience in a play- 
house was interrupted by a power cut, 
he continued his lecture, without undue 
pause, by using his fingers in front of 
the emergency lamp to project his 
slides in the form of shadows on the 
screen. 

His thove to M.LT. was at first 
somewhat turbulent, perhaps because 
Teuber had a clear and evefi uncom- 
promising conception of the type of 
department of psychology he wished 
to develop. To it he attracted scientists 
of great distinction from a variety of 


disciplines, as well as younger persons 
whose promise later was fulfilled; the 
contributions of his colleagues were 
as important in neuroanatomy and 
neurophysiology as in experimental 
psychology. He worked unceasingly to 
attract funds for their endeavours and 
to promote a genuinely inter- 
disciplinary atmosphere, warm and 
paternalistic, in which he and his 
colleagues could flourish. The M.LT. 
department became an almost com- 
pulsory stopping-off point in the U.S.A. 
for scientists from throughout the 
world with interests in brain function 
and psychology; they were invariably 
greeted with great hospitality and 
kindness, their seminars almost always 
continuing at the Teubers’ home late 
into the evening, surrqunded by a 
formidable but enthusiastic circle of 
graduate students. 

Ironically, his memorial service was 
held at M.I.T. on the day on which 
he was to have received an award given 
by the Institute to a member of its 
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faculty for outStanding accomplish- 
ment. The citation described him as “a 
man who joins the instinct of a 
penetrating experimenter and the 
sympathetic experience of a true 
humanist with the consummate style of 
a gifted teacher.” To these qualities 
may also be added his warmth, skill 
and dedication as a promoter of 
neuropsychology both at home and 
abroad. He was an insightful, popular, 
and expansive reviewer at international 
meetings—even as a helpful translator 
for foreigners, the duration of his 
commentaries was apt to exceed, by a 
considerable amount, that occupied by 
the original, speaker. As tragic as was 
his death, perhaps he would have 
preferred it to any alternative that 
might have* prevented him from 
exercising his indefatigable energies at 
full strength. 

He is survived by his wife, Marianne, 
who wads a devoted partner throughout 
his career, and by two sons, Andreas 
and Christopher. 





A. T. Phillipson 


Proressor A. T. PHILLIPSON, who 
died suddenly on 10 January at the age 
of 66, was the leading figure in the 
great post-war revival of interest in the 
function of ruminant animals. He 
graduated in agriculture at Cam- 
bridge, gained his MRCVS at the 
Royal Veterinary College, London and 
then returned to Cambridge to show 
his flair for research in a Ph.D. study 
of gastric motility in sheep. Subse- 
quently, he led a small wartime group, 
under Sir Joseph Barcroft, FRS, at the 
ARC Unit of Animal Physiology, Cam- 
bridge. Between 1941 and 1947 Phillip- 
son, with Dr R. A. McAnally, showed 
that the hitherto neglected volatile 
fatty acids are the final end products 
of microbial digestion of carbohydrates 
and that they are absorbed through 
the heavily keratinized epithelium of 
the rumen into the portal blood in 
quantities which provide a significant 
proportion of the energy requirements 
of the host. Such a radical conclusion 
was fiot accepted without controversy, 
yet attempts by others to find an alter- 
native explanation only reinforced the 
evidence in its favour. In fact in the 
last thirty years the conclusiéns made 
by this small group have formed the 
basis for much of the subsequent work 
on ruminant digestion throughout the 
world and, when they were extended 
to other components of the diet, such 
as protein, completely changed our 
concept of ruminant nutrition and 
metabolism. It is salutary to remind 
ourselves that this major advance was 
based, after a preparatory period in,the 
late 1930’s for thought and observation, 
on a series of simple and elegant ex- 


periments carried out over the rela- 
tively short period of about four or 
five years. 

Moving in 1947 to the Rowett Re 
search Institute, of which he became 
Deputy Director in 1952, Phillipson 
consolidated the advances made at 
Cambridge. The years at , Aberdeen 
were marked by special aftention to 
the techniques required for the quanti- 
tative assessment of the ruminant 
digestive processes. Techniques ranging 
from microbiology to radiography 
were brought to bear on microbial fer- 
mentation and synthesis, ruminal ab- 
sorption and metabolism of volatile 
fatty acids, movements of the fore- 
stomachs and the propulsion of food to 
the intestine. He was one of the first 
to emphasise and measure the extent 
to which urea may be secreted into the 
rumen to provide a substrate for micro- 
bial protein synthesis. In a prophetic 
mood in 1947 (Ver. Rec. 58(8), 81-85) 
he had stressed the importance of 
measuring the amounts of protein and 
polysaccharide received by the animal 
in microbia form, of knowing 
hew much starch and protein escapes 
degradation in the rumen and of assess- 
ing the amounts of volatile fatty acids 
absorbed. In 1977 we are beginning to 
use such information in evaluating 
diets. 

In addition to his important research, 
Phillipson wrote, a number of lucid 
reviews outlining the state of know- 
ledge of rumen function, always with 
exact attributions and a minimum of 
extrapolation, and pointing the way to 
further essential investigation. These 
were required reading for a new gen- 
eration of animal scientists and must 
have directed many to the fascination 
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of the rumen. A remarkably high pro- 
portion of the active post-war workers 
in this field spent time with Phillipson, 
some to experiment, some just to dis- 
cuss, but all to be welcomed, involved 
in his interests and influenced for the 
future. He travelled a good deal and 
those he met were also much influ- 
enced. In such benign ways, Andrew 
Phillipson has left a permanent mark 
on rumen studies. His hallmarks were 
enthusiasm, wide background know- 
ledge, a preference for dipect ap- 
proaches, accuracy and a habit of being 
right. 

Returning to Cambridge in 1963, 
Phillipson took*the Chair of Veterinary 
Clinical Studies. Administration and 
teaching then restricted his opportuni- 
ties for research, but in these activities 
he preserved the high standards charac- 
teristic of his earlier work. He was 
chairman of the organising committee 
of the very successful Third Interna- 
tional Symposium on Physiology of 
Digestion and Metabolism in the Rumi- 
nant at Cambridge in 1969. 

Phillipson was made FRSE in 1953 
and his achievements were recognised 
by honorary degrees at Copenhagen, 
Ghent and Edinburgh. In England he 
received major prizes in agricultural 
and veterinary fields. 

Andrew Phillipson was a charming 
man whose enthusiasm shone through 
a diffident manner; an aesthetic, 
person, especially fond of music, he 
enjoyed Cambridge and his Fellowship 
to the full. His family life was 
extremely happy and the sympathy of 
many friends, worldwide, will go to 
Mrs Rachel Phillipson and their three 
sons, 

C. C. Balch 
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Will the JET age ever come? 


THERE is only one thing, more frustrating than the well- 
known impossibility of learning precisely when particular 
European Community decisions are made. That is learning 
that they are not made. Last week’s debacle at the Energy 
and Research Council meetings in Brussels was nothing 
if not frustrating. 

Two major issues, amohg many others, confronted the 
Energy Ministers : the minimum safeguard price (msp) for 
oil, to protect investment in the North Sea and in alter- 
native energies; and implementation of an agreed Eurdtom 
loans scheme for construction of nuclear power stations. 
The two have always been linked, with Britain refusing to 
sanction implementation of the, loans scheme without agree- 
ment on the msp, and France preferring selective support 
to the msp. 

Only one issue, or so it seemed, confronted the Research 
Ministers’ where to site JET, the Community’s fusion pro- 
ject. On that decision also hung the implementation of the 
four-year programme of the EEC’s Joint Research Centre 
(JRC), agreed in principle months before. Since the JRC 
establishment at Ispra stood to benefit by the programme, 
its candidacy for JET had weakened next to Culham in 
Britain and Garching in West Germany, but France had 
pushed intensively for Cadarache. 

With one European Commissioner (Guido Brunner) now 
handling both the Energy and Research portfolies, and 
growing talk of JET as an energy rather than as a research 
project, the idea of agreement in one council permitting 
agreement in the other emerged as soon as the two council 
meetings were set for the same day. Sure enough, progress 
in the Energy Council produced British concessions on the 


Science as a profession 


Tue founding fathers of the Royal Institute of Chemistry, 
which was last week celebrating its centenary, envisaged a 
body which would act for chemists rather as the Royal 
Colleges do for medical men or as the Inns of Court do for 
lawyers. In spite of a distinguished record in many 
respects, the Institute has in that aim been totally unsuccess- 
ful Neither chemists, nor indeed any group of professional 
sctentists, form a comparable profession. Scientists and 
engineers are neither as secure nor as confident nor as well 
remunerated as doctors or lawyers. Society may view this 
favourably; scientists find it uncomfortable. 

The difference must in part be because most scientists are 
neither self-employed nor fee-earning, and may con- 
sequently find themselves out of work in a recession. Sir 
Harold Wilson, in praising chemists at the centenary 
celebrations, cited the case of his own father, a dye 
chemist, who became Winston Churchill’s election agent 
while out of work for two years—perhaps persuading the 
infant Wilson of the surer future available in Parliament. 
Yet, although not as secure as members of the other 
liberal professidns, professional scientists are expected to 
have similar standards of ethics and behaviour. In addition 
to integrity in research and loyalty to an employer, par- 
ticularly as regards confidentiality, scientists are expected 
to speak out if their work throws up any environmental or 
health hazards, even though such revelations may damage 


msp, and alternative schemes will now be examined. Im- 
plementation of the Euratom loans scheme was then agreed, 
and the hope was accordingly expressed that this would 
assist the Research Council. 

It didn’t. The Research Council could not agree on a 
site for JET, for the new but genuine enough reason 
expressed by France that critical organisational and financial 
details concerning the way the project would be run were 
not finalised. What is astonishing is that these majters had 
not been agreed in the interminable meetings held at all 
levels overethe previous 18 months. What is surprising is 
that the Council nodded through the four-year JRC pro- 
gramme anyway. 

Apart from the embarrassment (especially noticeable in 
Britain) that goes with such developments, the result is that 
a decision on JET is no longer contingent upon a tangled 
web of linked issues. That may mean an early decision if 
the new difficulties can be clarified, but no one is counting 
on it, Crazily, the only action has again been inaction. 

Though this is an era of international competition and 
energy crisis, our worry is not whether or when a break- 
through on fusion comes, anf certainly not who achieves it. 
Science does transcend frontiers. Our worry is the un- 
certainty which indecision generates. JET is an experiment, 
not a reactor, and its research team deserves better. Now 
may be an appropriate time to examine the thinking which 
makes international scientific projects matters of national 
prestige. Otherwise the Community’s processes, though 
favouring compromise and calculated not to alienate, run 
the risk of doing the opposite by too faithfully serving 
governments rather than people. O 


their employing company. 

Some of the disquiet scientists feel towards government 
was expressed last week by the President of the Royal 
Institute of Chemistry when, in reply to the former Prime 
Minister, he voiced the irritation at the currently fashion- 
able expression “the two sides of industry”. The point is, 
research scientists in industrial laboratories do not see 
themselves as being on either side. They feel their views 
are not being sought, much less heard or heeded, on major 
issues. When British opinion is being moulded to support 
wealth creation, they believe that as major wealth creators 
they are not béneficiaries of that support. 

Crucially, scientists see the innovations of research and 
development as the source of profit of leading companies— 
failures to exploit science (as with the loss of patents on 
antibiotics or jet engines) not being the fault of the 
originators. Chemists in particular are disgruntled because 
they feel largely responsible for the country’s thriving 


«chemical industry and its near relatives in petrochemicals, 


pharmaceuticals and so on. The companies concerned do 
not include any of the famous lame ducks. They are almost 
never involved in industrial disputes. They are highly scien- 
tifically innovative. They make the profits which are taxed 
to support other industries ufiable to stand up to inter- 
national competition because, in many cases, of their small 
research investment. 
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In spite of this scientific and commercial success, the 
people who carry the burden in research do not see them- 
selves in a secure profession. Botlf output of and demand 
for chemists has declined during this decade and there is 
evidence that the quality of the newly qualified has dropped. 
The medical and legal professions, on the other hand, 
control both entry and the right to practice as well as the 
discipline of their professions, thus evading the cyclical 
imbalance in supply and demand so often felt by 
scientists. 

Science as a profession is in a weak position. The best 
scientists are evenly spread over the country and not con- 
centrated in the capital with day to day access to Whitehall. 
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Salary structures are strongly influenced By central govern- 
ment because the latter is the major "employer, basing its 
rewards on comparability with industry which in turn 
compares with civil service salaries. It is a small but vicious 
circle which depresses salaries. 

If the recent Bullock proposals for worker-directors in 
Britain are implemented along anything like the lines sug- 
gested in the majority report, the new directors are unlikely 
to include research scientists. Yet scientists are a major 
wealth-creating source. They may not continue to provide 
for the community if their views are not sought or are 
disregarded, and certainly if Hey are driven overseas by 
the tax structure. CJ 


A parable on recombination 


DeWitt Stetten offers some personal thoughts on the 
management of hazards in recombinant DNA research 


SCIENTISTS and nonscientists are currently larised in 
their assessments of the hazards attached fo the creation 
and handling of recombinant DNA molecules. Whereas the 
hazards are of unknown dimensions, the anxieties are 
clearly great: but the magnitude of the anxiety is a very 
imperfect measure of the magnitude of the hazard. Among 
the diverse views we are seeking an area of possible 
agreement or, better yet, an area of truth. 

Truth is sometimes found in unexpected places. It may 
be recalled that Jonathan Swift, famed satirist and author 
of Gulliver’s Travels, while serving as Dean of St Patrick’s 
in Dublin, considered the disastrous problem of the famine 
among the Irish peasants which was aggravated by the 
high birth rate and the abundance of children. He analysed 
the problem in 1729 in an essay entitled ‘Modest Proposal 
for Preventing the Children of Poor People from being a 
Burden to their Parents or the Country,’ in which, with 
all pretense of reasonableness, he concluded that the entire 
problem could be solved if the people of Ireland ate the 
children. In view of the evident success of Swift’s satire, 
I am taking the liberty of presenting here a parable which 
I call ‘Genetic Recombination—A Modest Proposal’. 

After all, recombinant DNA technology is a special 
case of a far more general phenomenon—that of genetic 
recombination itself, where genetic material from two 
sources is repeatedly combined within a single cell. It hap- 
pens when an oncogenic virus invades a mammalian cell, or 
when a bacteriophage invades a bacterium. It happens when 
two bacteria enter int6 conjugation and transfer plasmid 
DNA from one to another. In the laboratory it can be 
achieved through the hybridisation of eukaryote cells from 
widely differing species, and it is of course the very basis 
of sexual reproduction. 

A form of this kind of experimentation which has been 
popular for a very long time indeed results in the 
fertilisation of the human ovum. I refer tp this exercise 
as an experiment, because it always is experimental in that 
the outcome is not known a priori. At this time we can 
not even foretell the sex of the offspring, much less any 
of the details of its anatomy or character. Yet the 
experiment, whereas it provides great possibilities of useful 
and benevolent results, does have a real hazard. Text- 
books of obstetrics contain many engrossing photographs 


of anatomical monsters which have resulted from this* 


process, but it seems to me that the very worst monsters, 
the behavioural ones, are not included. These may be 
divided into two classes—-the societal monsters such as 
gangsters, typified by “Al Capone, and the international 
monsters, exemplified by Adolf Hitler. 

Clearly, some of these monstérs possess a survival 
advantage over the rest of us. One has merely to note the 


direction in which the machine gun which the gangster 
carries is pointed to ascertain which party is in the better 
position to survive the encounter.” Of particular, interest is 
the experiment conducted nearly ninety years ago by the 
parents of Adolf Hitler. The maternal ovum may be 
construed in this case as the host, while the paternal sperm 
clearly was the vector, beartng as it did a charge of DNA 
which was foreign to the host. The conceptus which 
resulted wag carefully cloned under reasonably sterile and 
controlled conditions, and there arose an individual who 
became, directly or indirectly, responsible for the pre- 
mature deaths of 4x10" human beings in the course of 
about eight years. This mortality is certainly large, even 
in the parlance of the epidemiologist. 

"When scientists first began to appreciate the danger 
attached to the fertilisation of human ova, they directed 
attention to the matter and called for an immediate 
moratorium Since the hazard seemed to be of enormous 
proportions, the federal government soon became involved; 
and by and by, a Presidential commission was established 
to consider the problem and to determine its best resolution. 
With the moratorium still in effect, one alternative solution 
proposed was to sterilise all adults, male and female. It 
was forecast that this procedure would probably work, but 
it would be quite costly. For this reason, the General 
Accounting Office, which has the responsibility of surveying 
costly federal projects, gave its attention to the matter 
and pointed out that sterilising of either the male or the 
female population would. probably achieve the same 
desired effect at half the cost. To decide whether to 
sterilise all males or all females, a special panel of the 
Equal Employment Opportunity Commission was convened 
which, with Solomonic wisdom, recommended that since 
there were approximately equal numbers of males and 
females in the population at risk, it would appear appro- 
priate to sterilise half of the males and half of the females. 

A small experiment was conducted on normal volunteers 
to test the effectiveness of this procedure, and it was found, 
for reasons which are still unclear, that this procedure 
would not yield the desired result. After considerable 
deliberation, the commission recommended that 
experiments in human impregnation might proceed with 
caution in certain designated centres, provided steps were 
taken to preclude pollution of the environment. It was 
determined that experiments could be conducted under P4 
physical containment with all the manipulations to be 
carried out in class III safety cabinets which, in the usual 
fashion, would have their entry and exit „ports protected 
either by autoclaves or by incinerators. Only in this way 
could the public be assured that no monsters would escape 
to pollute the environment and damage the ecology. The 
econiche which we so comfortably occupy would not be 
threatened by another generation which predictably would 
perform less nobly than we had done. E 
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‘Re-usability’ is the catchword 


Having generated plenty of controversy, the 
Shuttle is now being proven. Colin Norman reports 


[= you have a piece of hardware 

weighing up to 65,000 pounds that 
you would like to put into Earth orbit 
after 1980, the Nationale Aeronautics 
and Space Administration (NASA) 
would be only too pleased to rent you 
the Space Shuttle for $20 million. Or 
if your requirements are more modest 
—a 200-pound experimengal package 
which doesn’t need special handling, 
for example—NASA would be glad to 
take it aloft for as little as $3,000, 
Although some advance notice and a 
small deposit would be required, it 
shouldn't be too difficult to make a 
booking because there is likey to be 
considerable spare room in the Shuttle 
when it eventually flies. 

With three years to go before the 
Shuttle is scheduled to begin full 
service, NASA is starting to drum up 
business. A list of fees to be charged 
to such users as the Department of 
Defense, foreign governments, com- 
mercial operations, and individual re- 
searchers has recently been drawn up, 
and NASA officials have developed an 
ambitious flight plan calling for as 
many as 60 shuttle launches a year in 
the late 1980s. 

The flight plan indicates that NASA 
has nob changed its basic thinking on 
the Shuttle since it won approval for 
the programme after a bitter fight in 
the early 1970s. NASA officials are 
still confident, in short,-that the Shuttle 
will revolutionise space activities by 
sharply reducing the cost of launching 
payloads and providing routine access 
to space. If the flight plan is remotely 
accurate, in fact, it would represent a 
staggering increase in the space pro- 
gramme, resulting in more activity 
than during the height of the Apollo 
era. Many of those who fought the 
Shuttle programme in its early stages, 
including some prominent space scien- 
tists, remain sceptical of NASA’s pro- 
jections, however. 

The design of the Shuttle was de- 
termined in 1972, following an intense 
struggle between NASA and the Office 
of Management and Budget. NASA 
had originally wanted to build a fully 
re-usable system, consisting of an 
orbiter and a booster rocket, both of 
which would be piloted back to Earth 
and re-used, but in the end it had to 
settle for an economy model which will 
be only partially re-usable. It will con- 
sist of an Orbiter mounted atop an 
external fuel tank and strapped to two 
booster rockets. Soon after launch, the 


boosters will separate and be para- 
chuted into the ocean for recovery, 
refurbishing and re-use. The external 
fuel tank will be discarded in the upper 
atmosphere where it will burn up, and 
the Orbiter, after completing its 
mission, will re-enter the atmosphere 
and glide to a landing like an aircraft. 

Launches and landings will take 
place at two locations, Cape Canaveral 
in Florida and Vandenberg air force 
base in California. When launched due 
east from Canaveral, the Shuttle will 
be capable of delivering 65,000 pdurtis 
into a 185 km orbit, or 25,000 pounds 
into a 500km orbit at 55 degrees. 
Missions requiring polar orbits will be 
launched from Vandenberg because 
such launches from Canaveral would 
involve flying over heavily populated 
areas soon after launch. The Shuttle 
can deliver 32,000 pounds into a 185 
km polar orbit. 

The Shuttle: itself is capable of 
reaching only low Earth orbits, and 
thus an extra piece of gadgetry is 
needed to hoist communications satel- 
lites into” higher orbits and to fire 
planetary Spacecraft out of the Earth’s 
gravitational field. Again, NASA was 
originally planning to develop a re- 
usable rocket, called a ‘Space Tug’, for 
those tasks, but it has had to settle for 
a cheaper, disposable system, at least 
for the time being. It consists of a 
solid-fuelled rocket, called the Interim 
Upper Stage (IUS), which will be 
launched from a Shuttle in orbit; the 
IUS is being developed by the Air 
Force. Though NASA officials claim 
that they still hope to build the Space 
Tug someday, there is some doubt 
about whether that day will ever come. 


Costs go up 
When the Office of Management 
and Budget finally approved NASA’s 
plan in 1972, the estimated cost of 
developing the Shuttle “was abéut 
$5,200 million. The latest projections 
put the total research and development 
costs at about $6,800 million, of which 
about $4,500 million will have been 
spent by the end of this year. Virtually 
all the increase is accounted for by 
inflation. In additioa, NASA reckons 
that it will cost about $2,500 million to 
produce five orbiters and associated 
boosters and fuel tanks, bringing the 
total research, development and pro- 
duction costs to some $9,300 million. 
So far, development of the Shuttle 
is proceeding on schedule and no major 
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Shuttle: take-off to recovery 


D 

snags have been encountered, which is 
an impressive record for such a mam- 
moth undertaking. The first Orbiter 
was unveiled last September and, 
thanks to a massive mail campaign 
from Star Trek fans, it was named the 
Enterprise. It is now being flight tested 
in the atmosphere, riding piggyback on 
a Boeing 747, and in July or August 
it will be cast loose at 22,000 feet to 
glide on its own to a landing at Cana- 
veral. The first orbital test flight is 
scheduled for March 1979, and if all 
goes according to plan, it will be ready 
for full operation in the spring of 1980. 
Development of the IUS is also pro- 
ceeding apace, an@ it is also supposed 
to be ready by 1980. 

After the Office of Management and 
Budget gave its approval to the Shuttle 
in 1972, the real battle began. NASA’s 
cost estimates and projected savings for 
the system were subjected to severe 
criticism by a group of Senators led 
by Walter Mondale, now Vice Presi- 
dent, who took their cues from a num- 
ber of prominent space scientists and 
systems analysts. They included Thomas 
Gold, Professor of Astrophysics at 
Cornell, James van Allen, Professor of 
Physics at the University of Iowa, 
George Rathjens, Professor of Political 
Science at MIT, and Brian O'Leary, a 
former astronaut. ° 

The nub of the debate was this. 
NASA claimed that the Shuttle would 
more than pay for itself over its pro- 
jected 12-year lifetime because it would 
be able to deliver payloads into orbit 
much cheaper than expendable rockets 
could. Critics of the system argued, 
however, that NASA was assuming an 
unrealistically high launch rate with 
the Shuttle, and that the cost com- 
parisons didn’t properly take into 
account the research and development 
costs of tHe system. Another objection 
was that the costs of developing and 
building the Shuttle would soak up so 
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much of NASA’s budget that many 
space science and applications projects 
would get squeezed out. The debate 
raged for about a year, but died down 
when Congress finally sided with NASA 
and voted the money to begin develop- 


ing the system. r 
At least one of the critics’ complaints 
has already proven correct. While 


NASA’s budget has remained approxi- 
mately constant in real terms since 
1971, spending on the Shuttle has 
climbed from less than $100 million to 
more than $1,300 million a year. As a 
result, there have been very few new 
space science projects started: some 
have been scrapped (such as the grand 
tour of the outer planets), others (such 
as the High Energy Astronomy Ob- 
servatory) have been pared, and still 
others Such as the Large Space Tele- 
scope) have been deferred. As O'Leary 
noted last week, “‘Our dire scénario has 
been played out”. 

Nevertheless, since the project got 
under way in earnest, NASA officials 
have been working out a flight plan for 
the Shuttle based on an assumption 
that NASA’s budget will stay roughly 
constant in terms of purchasing power 
over the next 10-15 years, and they 
have come up with a flight plan very 
similar to the one which wag used to 
justify the Shuttle in the first place. 
It should be noted that the plan doesn’t 
represent firm commitments to develop 
or build a set number of satellites; it is 
simply a planning document. 

NASA calculates that there will be 
about 560 separate Shuttle flights 
between 1980 and 1991, with an 
average of about 60 flights a year 
between 1985 and 1991. With the 
massive payload capability of the 
Shuttle, that represents a very large 
increase in space activities. According 
to the flight plan, the breakdown 
between users will be NASA, 267; other 
US government agencies, 28: US com- 
mercial operations, 6@ foreign organi- 
sations, 65; Department of Defense, 
109. When broken down by type of 
mission, the plan calls for 229 Spacelab 
flights, 35 launches of large structures, 
168 launches involving upper stages, 
and 97 launches of free-flying satellites. 


Defense’s satellites 

Aside from the very considerable 
size of the programme represented by 
the flight plan, the number of launches 
envisaged by the Department of De- 
fense is interesting. Though the nature 
of the defence missions is classified, 
some two-thirds of them would re- 
quire use of upper stages, indicating 
that they are communications satellites 
or other satellites in geosynchronous 
orbits. It has also beef speculated that 
the Shuttle’s ability to manoeuvre in 
space will give it the capability of 
Studying, or even capturing, enemy 


NASA 


NASA 


The Shuttle’s Spacelab configuration 


a 
Shuttle takes a trip, March 1977 


satellites in low orbits. 

As for the fees to be charged to 
users, NASA has recently circulated 
foe comments a proposal which would 
allow NASA to recoup the operating 
costs for the Shuttle. The fees would 
not, however, include payment for a 
share of the research, development and 
production costs. Briefly, NASA has 
proposed that a fee of $20 million 
would be charged for chartering the 
entire Shuttle for a single launch. The 
Department of Defense and foreign 
governments which have contributed to 
the Shuttle development would get a 
discount, as would US commercial 
operations. Users who require only a 
part of the Shuttle capacity would pay 
on a pro-rated basis with the smallest 
experimental packages which require 
no manual attention getting in for only 
$3,000 apiece. 

NASA reckons that those fees re- 
present about a 40% discount in 
launch costs when compared with the 
use of expandable rockets. Asked 
whether commercial organisations are 
showing any interest in booking space 
on the Shuttle, one NASA official said 
that he has noticed a recent awakening 
of interest on the part of payload 
manufacturers. “At one time they were 
between lukewarm and disinterested in 
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the Shuttle”, he said, “but I have seen 
a definite reversal in attitude”, 

As for space scientists, the Shuttle 
seems to have generated some resent- 
ment because of the fact that its de- 
velopment squeezed out a number of 
scientific missions. Nevertheless, several 
former, critics of the Shuttle contacted 
last week all agreed that, with nearly 
$500 million already spent it would be 
folly to seek to cancel the programme 
at this stage. And the Space Science 
Board of the National Academy of 
Sciences said in a report published in 
1974 that the Shuttle “can be an im 
portant asset to scientific research in 
and beyond the 1980s”. 

At least one former critic of the 
Shuttle has also recently been con- 
verted into a supporter. Brian O’Leary 
said last week that although he still 
believes that NASA’s justification of 
the project is seriously flawed, the 
Shuttle “by good luck” would be a 
useful transport vehicle for the possible 
establishment of space manufacturing 
systems using lunar materials, to con- 
struct space habitats ‘and solar power 
stations. O'Leary, who is now working 
with Dr Gerard O'Neill at Princeton 
exploring the concept of space habitats, 
said that he now supports the Shuttle 


r” 


for that reason. a 
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Research is the watchword 


Spacelab offers scientists unique conditions for 
future research. Stuart Sharrock describes how 


HE pioneer phase of manned space- 

flight is now over and plans are 
well advanced for the exploitation era 
due to begin in 1980. NASA’s Space 
Shuttle will reduce transportation 
costs and expand the potential applica- 
tionseof space technology by removing 
many of the constraints imposed by 
conventional launch vehictes. Spacelab 
is intended to capitalise on these 
principles. ù . 

A re-usable manned space laboratory 
with comparatively low operating costs 
for applications-oriented and scientific 
experiments, Spacelab is being de- 
veloped by the European Space Agency 
(ESA) as a joint European endeavour 
and will be launched into near-earth 
orbit in the cargo bay of the Orbiter 
section of the Shuttle. Thus Europe is 
for the first time embarking on a new 
phase of space technology simul- 
taneously with the United States. 

The emphasis of the ESA’s 
gramme is on satellites for telecom- 
munications, meteorology, Earth re- 
sources surveying and air and maritime 
traffic control. Scientific research is an 
important but by no means dominant 
component; the scientific satellite pro- 
gramme concentrates on upper atmos- 
phere 4nd magnetosphere research and 
astronomy, particularly in the X-ray 
and y-ray regions. Spacelab comple- 
ments these programmes to provide a 
balanced package of scientific research, 
but though maintaining the balance, 
not all future projects under cOnsidera- 
tion by ESA are likely to be funded. 
Areas of research will inevitably suffer 
as the emphasis shifts towards usage of 
major facilities, but the dwindling 
national programmes in Europe might 
be steered to help cover the gaps. 


pro- 


Where Spacelab fits 

The Orbiter section of the Shuttle 
can be launched into near-Earth orbits 
of various inclinations with an altitude 
range of 200 to 900 km and a flight 
time of from 7 to 30 days. Equipment 
may be placed in orbit or returned for 
servicing and evaluation after the 
Orbiter has returned by landing like a 
conventional aeroplane. The Shuttle 
concept can be used for launching and 
servicing satellites, but the accessible 
range of orbits is limited and con- 
ventional ‘throw away’ launch vehicles 
will remain necessary unless the inter- 
orbit ‘Space Tug’ under consideration 
by NASA becomes a reality. 


Spacelab is a particular unit that 
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slots into the cargo bay of the Orbiter. 
It is of modular design with two basic 
building blocks: a pressurised module 
providing a ‘shirt-sleeved’ environment 
for a manned laboratory connected to 
the living quarters of the Shuttle by a 
crawl-tube; and an unpressurised pallet 
on which instruments can be mounted 
and exposed directly to space. Various 
combinations of module and pallet are 
possible, providing a versatile manned 
space laborafory with a typical experi- 
ment payload of 5 tonnes. Up te fqur 
instrument operators can be carried 
(two are planned for the first flight); 
they will need a scientific background 
but do not have to submit to astronaut 
traintfng—the standards required will 
be similar to those of commercial air- 
line flight engineers. 

The immediate advantages of this 
arrangement are that the stringent re- 
quirements on weight and volume that 
bedevil satellite experiments are re- 
laxed, although the problems are to 
some extent transferred to the strict 
safety regulations necessary to protect 
the instrument operators. Existing re- 
quirements based on astronaut protec- 
tion are unnecessarily severe for Space- 
lab, though some amelioration remains 
possible. Previous manned spaceflights 
which have shown the advantages of 
having operators for some classes’ of 
experiments have mainly involved man 
either as an experimental subject or in 
his capacity as a dexterous machine; 
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the decision-making capabilities of man 
in cgnnection with an experiment have 
yet to be fully exploited. Re-usability 
is an important new facility: equip- 
ment can “then be flown many times 
rather than abandoned at the end of 
each mission. Perhaps of greater signi- 
ficance is the ability to return materials 
processed or separated in a space en- 
vironment and the means of collecting 
large volumes of data, stored for 
example on film, beyond the capability 
of feasible data transmission systems. 


Cost immense 

Clearly the cost of such an enter- 
prise is immense; the design, develop- 
ment and delivery of one engineering 
model and one Spacelab flight unit is 
estimated at around $500 million at 
mid-1975 prices. Currently the cost of 
the Spacelab project is under review 
and, according to ESA, “severe cuts in 
the deliverable hardware will be 
necessary in order to accomplish the 
development project within the estab- 
lished funding ceiling’’—not an unusual 
problem in these times of high in- 
flation. 

Value for money is possible if fre- 
quent use is made of the facilities. 
Spacelab is intended to be carried on 
around 40% of the Shuttle flights and 
is designed for a minimum of 50 seven- 
day flights, or about 10 years of opera- 
tion. This schedule allows the lead time 
for experiments to be much reduced 
from the present position with satellite 
projects. The advantages are clear; the 
realisation depends largely on funding 
and management. 

Such a large international venture 
can easily become constipated by its 
own administration. The Spacelab con- 
cept can only be a success if flexibility 
is maintained for much longer than in 
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earlier space projects, but the organisa- 
tional and management structure ghave 
at the same time to cope with an 
unprecedented mixture of political, 
financial, technical and schéduling con- 
straints. Major efforts are being made 
to provide a structdre capable of re- 
acting sensibly to these problems. 

Experience from previous manned 
space missions has been invaluable. It 
is generally agreed, for example, that 
insufficient thought and preparation 
went into many experiments conducted 
aboard Skylab, and a far greater degree 
of control is being exerted over Space- 
lab proposals. A simulated Spacelab 
mission was conducted in 1975 to test 
out the role of the instrument opera- 
tors on board Spacelab and the suit- 
ability gf the proposed management 
procedures. Short lead times for experi- 
ments were demonstrated to, be prac- 
tical, results being obtained from 
experiments executed only 16 months 
after proposals were requested, but the 
mission highlighted the need for 
greater integration of the instrument 
Operators with the evolution of experi- 
ments, and a second more realistic 
simulation mission is planned for May 
1977. 


Spacelab research 

Areas of research in which Spacelab 
will provide a valuable addition to 
satellite facilities include astronomy, 
atmospheric and solar physics and 
earth observation. Long continuous 


periods of observation are often re- 
quired in these fields and Spacelab is 
seen as an intermediate step towards 
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mannable orbital systems containing 
heavy and complicated astronomical 
equipment that would require regular 
maintenance; these ‘Free-Flyers’ would 
be serviced via the Shuttle. 

The use of Spacelab simultaneously 


for astronomical and Earth observa- 
tions clearly presents preblems, and 
future Spacelab flights will be dedi- 


è rv . ` ega 
cated to specific areas of research. The 


flight profile is not really suited to 
investigation into the magnetosphere 
and certain atmospheric phenomena, 


and in these fields of research Space- 
lab will be used primarily as a satellite 
launcher, particularly as the Shuttle is 
liable to pollute the environment. 
Measurement of this pollution in terms 
of emitted gases and magnetic fields 
is one of the primary aims of the initial 
Spacelab flight. 6 ° 

Fos the life sciences and materials 
science Spacelab will provide a new 


opportunity for the study of funda- 
mental problems in an environment 
unattainable on Earth. Additional 


benefits for the life sciences ae the 
availability of a wide spectrum of high 
energy particle radiations, whereas 
materials science and plasma physics 
welcome the ready attainment of a 
vacuum over large volumes and the 
possibility of studying processes under 
containerless conditions. 

The effects of weightlessness and 
radiation on biological systems are the 
major areas of interest in biomedicine 
on Spacelab, and the first payload will 
include a Space Sled facility for study- 
ing the effects of acceleration on astro- 
nauts under weightless conditions. 
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Materials science experiments require 
Steady conditions which preclude the 
use of the Sled and spacecraft man- 
oeuvres—luckily the majority of these 
experiments are of short duration. 

Commercially the field of materials 
science offers immense potential and 
this is reflected in the set of experi- 
ments recently chosen as the payload 
for the first Spacelab flight where 
materials science experiments outnum- 
ber those in all other disciplines. The 
effective absence of gravity (<10 g) 
removes convection and buoyancy 
effects, so enabling fundamental physi- 
cal and chemical processes to be 
Studied in the absence of otherwise 
maskings phenomena and allowing the 
production of novel and improved 
materials. | s 

In ESA jargon Spacelab is a ‘Special 
Project —a programme in which par- 
ticipation by all member states is not 
mandatory. Countries participating in 
the finance of the project get a pro- 
portionate share of the contracts and 
use of experimental facilities. The 
major contributors to Spacelab are 
Germany (53%), Italy (18%) and 
France (10%). The initial Spacelab 
fight in mid-1980 is a joint ESA/ 
NASA mission in which the available 
facilities are shared equally between 
Europe and America, The primary 
objective of the first flight is to de- 
monstrate the capability of Spacelab 
for space research and to check out all 
the support systems. Experiments there- 
fore receive second priority, although 
100 man-hours have been allocated to 
them and the necessary test prégramme 
restricts the power available to experi- 
ments to around 30% of that ultimately 
to be provided. 

In spite of fhe limited experimental 
facilities available on the first test 
flight, the response to the call for ex- 
perimental proposals has been high. 
Of over 2,000 applicants, a total of 222 
have been accepted, providing 77 ex- 
periments from 16 countries. Some 
proposals were no doubt motivated by 
the feeling that previous Spacelab ex- 
perience will carry weight in proposals 
for future flights; others sprang from 
uncertainties concerning the funding 
of these future flights, although these 
fears will be groundless if Spacelab can 
be used with its planned frequency. 

NASA will charge around $10 
million to launch each subsequent 
Spacelab mission. Details of how this 
cost will be distributed between par- 
ticipating states within ESA and the 
experimenters have yet to be worked 
out. This cost is smajl compared with 
the investment, and it will be a pity if 
details over funding jeopardise’ the 
exploitation of Spacelab. It will be a 
disaster if ESA’s future proposals for 
a balanced scientific programme are 
affected. L] 
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@ The need for a @loser connection 
between research and the require- 
ments of the national economy is a 
constant theme in Soviet planning. 
Last autumn, the Far Eastern Science 
Centre was criticised by the Party 
for having failed to direct its research 
towards local needs. More recently, 
the prestigious Siberian Branch of 
the Academy of Sciences of the 
USSR came under similar censure. A 
statement from the Central Com- 
mittee of the Party, while praising 
the Siberian Branch for its work in 
fundamental research, finds “‘insuffi- 
ciencies and unresolved’ problems” in 
its activity; work on “the complex 
use of the natural „wealth of the 
eastern® regions of the country” is 
going too slowly; the Presidium of 
the Branch is paying too little atten- 
tion to the work of certaig centres; 
and filials, scientific forces and 
material resources are not being 
concentrated on “the most important 
lines of science connected with the 
acceleration of scientific and tech- 
nical progress”. In particular, insuffi- 
cient attention has been paid to the 
problems of the Kansk—Achinsk coal 
basin, the Norilsk mining and metal- 
lurgical combine, and the route of the 
Baikal-Amur Mainline (BAM) rail- 
way. 

Instead of admitting these faults 
and promising amendment, however, 
Academician Gurii Marchuk, the 
Chajrman of the Siberian Branch, 
issued a statement extolling the work 
of the Branch, and softening the re- 
buke of the Central Committee to a 
gentle directive showing “ways of 
improving the quality and efficiency 
of scientific research”. „Marchuk 
stressed that during the 20 years of 
the Branch’s existence, science 
centres, in addition to its main centre 
at Novosibirsk, have been established 
in many cities including Irkutsk, 
Ulan-Ude, and Krasnoyarsk. The 
Siberian Branch now includes 48 
research and design organisations, 
representing practically every field 
of the natural and social sciences. 
Marchuk himself envisaged the 
future of Siberian science as “a grow- 
ing effective force, transforming huge 
tracts of land along the Leninist path 
and exerting an increasing influence 
on many sides of the life of Soviet 
society”. 

Within a week, the critical tone of 
the Central Committee had been de- 
emphasised even further. Addressing 
the Moscow meeting of the heads of 
Academies of Science of the Comecon 
block, Mr Brezhnev held up the 
Siberian Branch and the Ukrainian 


Academy as examples for emulation. 
“The Siberian Branch is carrying out 
a very interesting experiment”, he 
said. “The Institutes of this Branch 
are directly connected to many sec- 
tions of the national economy, with 
many major [industrial] enterprises. 
They have worked out long-term 
programmes of — scientific—technical 


cooperation and are gradually imple- 
menting them.” 





Since the Brezhnev speech, articles 
have appeared in the Central press 
commending the work of individual 
Institutes of the Branch in the service 
of the economy—the Hydrodynamics 
Institute, has been commended for 
surveying the line for the BAM 
and the Institute of Atmospheric 
Optics for weather-forecasting. 
Marchuk’s defence of his Branch 
seems to have been successful and its 
present shortcomings have bten 
accepted as temporary deficiencies 
rather than a failure to understand 
the fundamental task of the Branch. 


® Although the Soviet lunar research 
programme has so far been confined 
to unmanned probes and lunokhod 
rovers, biophysicists at the Siberian 
Branch of the Academy of Sciences 
are already working on the possibility 
of farming in lunar conditions. Ex- 
periments with wheat, carrot, beet- 
root and turnip seedlings suggest 
that plants could be grown under 
suitable transparent domes using fhe 
natural lunar illumination cycle. 
The plants were kept at a temper- 
ature of 3-4°C during the ‘night’ 
periods, and were grown hydroponi- 
cally, using common tap water as the 
nutrient medium. In spite of the lack 
of minerals, especfally nitrogen, and 
tF ‘tic illumination cycle, all the 
piants produced roots with the “nor- 
mal biochemical composition”, and 
during the second lunar ‘day’ the 
wheat produced ears. The team 
stresses that if plants can be grown 
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successfully by natural sunlight, the 
energy problem of settlements on the 
moon woułd be much easier. 


© The current difficulties with inter- 
national fishing limits have evoked 
considerable rethinking of Soviet 
fisheries policy; in contrast to the old 
theory of large catches and the over- 
fulfilment of targets, the new line 
stresses that since catches are limited, 
the entire quota must be suitable for 
food. The new policy is to be imple- 
mented in various ways: Latvia is to 
use refrigerated factory ships in the 
Baltic to reduce wastage; and the 
Deep Sea Fishing Flotilla, operating 
in the Sea of Okhotsk, has been in- 
structed not to catch Okhotsk 
grenadier (which accounts for up to 
50% of àll catches in the area) since 
the experts have decided that gren- 
adier is unmarketable. 

Following a recent order from the 
Ministry of Fisheries, likely lakes and 
reservoirs for fish-farming are being 
appraised, and existing fish-farms are 
being * extended. An experimental 
trout-farm is already in operation in 
the out-fall of the Kola atomic power 
station in the Arctic. The use of fish 
wastes is also being investigated. 
According to an official of the 
Sevryba (Northern Fisheries) organi- 
sation, the fishing industry has for 
some time been able to collect and 
deliver heads, tails and gut to shore 
enterprises for further processing. 
These waste products, he stressed, 
contain 30%, fat, 8-12% protein and 
a “considerable quantity” of the B 
vitamins. At present such wastes are 
used for animal food, but research is 
underway on their possible use for 
human consumption—a project more 
likely to appeal to the planners 
than to the average consumer. 


@ The RATAN-600 radio-telescope, 
the largest in the world, is at last offi- 
cially in operation. The telescope, 
sited at Zelenchuk in the Stavropol’ 
district, was constructed jointly by the 
Academy of Sciences of the USSR, 
Moscow University, the Ministry of 
Power and Electrification, and the 
Ministry of Power Plant Construc- 
tion. Mg Brezhnev’s formal message 
of congratulation was issued on 20 
March, 1977. ‘ 

Each of the four sections of the 
telescope can operate autonomously 
and part of the Ratan-600 has been 
receiving signals since 1974. A num- 
ber of research projects are already 
in hand including studies of the fine 
radio-strugture ‘of the sun, the moons 
of Jupiter, and the galactic nucleus. 

: Vera Rich 
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Travel rights 

Sirn,-—-I was very sorry to hear of the 
incident involving Academician 
Malek’s passport reported by 
Frantisek Janouch (6 January, page 
10). Ivan Malek has been a personal 
friend of mine for many years and I 
have learned to respect his wise and 
humane views. Personally I feel it ts 
a tragedy that present circumstances 
make it very difficult for him 
to play the part in building up a strong, 
forward looking and socially concerned 
science in his country for Which his 
talents so clearly qualify him. 

There can be no doubt about the 
attitude of the World Federation of 
Scientific Workers toward the travel 
rights of scientists. I am sure Dr 
Janouch knows that ever since its 
foundation 30 years ago our Fedtration 
has worked actively for the maximum 
level of contacts between scientists in 
different countries. We fully support 
the UNESCO Recommendation on the 
Status of Scientific Researchers (1974), 
Article 26 of which says: 

Member states should. actively promote 
the interplay of ideas and information 
among scientific researchers throughout 
the world, which is Vital to the healthy 
development of science and technology; 
and to this end should take all measures 
necessary to ensure that scientific re- 
searchers are enabled, throughout their 
careers, to participate in international 


scientific and technological gatherings 
and to travel abroad. 


Following the decision of our 11th 
General Assembly held in London last 
September, the WFSW set up a sub- 
committee to make thgse recommend- 
ations more widely known and to work 
actively for their practical implementa- 
tion. If Dr Janouch will supply 
detailed, and if possible, documentary 
information about the incident to 
which he refers I am sure our sub- 
committee will examine it and suggest 
what appropriate steps, if any, the 
Federation should take. 

E. H. S. BURHOP 
World Federation of Scientifie 
Workers, 
London, UK 


Toxic levels 
Sir,—-It is not clear what are the areas 
of expertise of your correspondent 
Thomas H. Jukes (10 February, page 
491). It is clear howeyer, that one of 
his areas of ignorance is chemical 
carcinogenesis, P 
How does he know that “substances 
that are toxic at high doses are 


sufficiently harmless in the amounts 
actually present that they offer no finite 
hazard to health’? This is the key to 
the argument about carcinogenic 
chemicals in the environment. They 
give rise to tumours in significant num- 
ber when tested in small groups of ex- 
perimental animals for a maximum of 
two years. How do we extrapolate such 


findings to tens of millions of people 


whose susceptibility is unknown but 
might have a wide range, both above 
and below that of our ‘experimental 
armamdis, and who live for 60 or 70 
years? 

If we reduce the doses given to our 
experimental animals we reach a dose 
at which one or two animals in a group 
of 100, say, will have a tumouf not 
seen in a group of 100 untreated con- 
trols. Although this is 1 or 2% of our 
population of animals (equal to 2 or 4 
million of the US population), we 
would say that this» incidence of 
tumours is not statistically significant, 
and some would claim that this dose is 
‘safe’. I would not. In practice, we 
need an incidence of tumouts exceed- 
ing 5 out of 100 to be sure of statistical 
significance. So, because the effects of 
carcinogens are cumulative, we cannot 
establish a safe dose for any carcino- 
gen, because we don’t know how. 
Similarly, in our animal experiments in 
which we usually test single compounds 
we cannot take account of the probable 
additive or synergistic effects of several 
carcinogens at low doses, as we must 
experience them in daily life. That is 
why we must be wary of any carcino- 
gen when we discover it at any level, 
even at the risk of appearing to be 
lunatic consumerists. 

Perhaps Jukes should ponder the fact 
that there is a lot of cancer around and 
hundreds of thousands of people die 
of cancer every year, almost always of 
unknown cause. It is my contention 
that part of this cause is the carcino- 
genesis test which chemical manufac- 
turers and food processors, together 
with Nature herself, are conducting in 
us, presumably with Jukes’ approval. 


WILLIAM LIJINSKY 
Frederick Cancers Research Center, 
USA 


Thomas Jukes replies: Lijinsky mis- 
quotes me: my statment was “.. . food 
contains substances that are toxic at 
high levels but are sufficiently harmless 
in the amounts actually present that 
they offer no finite hazard to health”. 


With this misquotation corrected, the 
basis for his peroration disappears. My 
statement was essentially a reference 
to the basic grinciple of toxicology first 
enunciated by Paracelsus’. 
There are numerous examples of 
such substances, such as solanine 
(potatoes), cyanide (lima beans), gbitro- 
gens (cabbage), estrogens (soybeans, 
wheat germ), and selenium (marine 
fish). I am glad that, Lijinsky included 
Nature in hiselist of providers of car- 
cinogens. His discussion of* the “safe 
dosage” of carcinogens alleges that 
“some would claim that this dose” 
(that ise a dose that would produce 
tumours in “2 or 4 million of the US 
population”) “is safe”. I can think of 
no one who would make such a claim; 
certainly I would not. Various authors, 
including myself, have discussed the 
problem of reaching adequately low 
levels of dietary carcinogens*”™*. 
It is certainly possible to postulate 
levels that pose a risk of less than one 
case per year in the US population, or 
that will not be effective unless we live 
for more than 200 years. However, it is 
not possible to devise a diet of natural 
foods that is free of “carcinogens”, no 
matter whether they are “additive or 
synergistic” (as Lijinsky says), or even 
antagonistic (which he does not 
mention). 
In his final sentence, Lijinsky in- 
correctly assumes that I approve of 
carcinogenic food additives. I favour 
bans om Reds No. 2 and No. 4, but I 
pointed out that many consumers 
apparently wanted to go on eating red 
maraschino cherries despite the findings 
on the dye. Many also seem to want 
cyclamates, saccharin and cigarettes. 
The current protest by consumers 
against banning saccharin is an effective 
but an unexpected support for the 
point I made. Consumerists wish to 
decide which carcinogens should be 
banned. Lijinsky often warns against 
bacon, but not against barbecueing of 
steaks, despite his own demonstration 
that this produces carcinogens", and 
not against tobacco, which smoked or 
chewed supplies nitrosamines. 
A list of my publications related to 
cancer is being forwarded to Liyinsky. 
1 Paracelsus, Drey Bücher Heirt of Arnold Byrckmann , 
Cologne, 1564 

2 Jones, H. B., and Grendon, A., Food and Cesmetic 
Toxicology, 13, 251 (1975). l 

3 Jukes, T. H. Preventive Medicine 5, 438, 1976, 

4 Claus, G., Krisko, L, and Bolander, K. Food and 
Cosmetic Toxicology, 12, 737, 1975. 

$ Druckrey, H.. Potential Carcinogenic Hazards from 
Drugs, Evaluation of Risks, 7, 60, Springer Verlag, 


Berlin 1967. 
ô Lijinsky, W. & Shubik, P. Science 145, 53 1964. 
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news and views 





Antibody production made easier 


from K. 1. Welsh 


THE latest paper from the laboratory 
of César Milstein (this issue of Nature 
page 550) reporting the construction 
by cell fusion techniques of a line of 
hybrid cells secreting antibody against 
rat major histocompatibility antigens, 
promises to be an important step for- 
ward in tackling some of the many 
clinical and biological problems con- 
cerned with the histocompatibility 
system which require a reliable and 
standard supply of anti-<histocompati- 
bility antigen antibodies for their 
solution. 

Tissue matching for skin, cornea, 
bone marrow and kidney transplants 
depends to a large extent on stocks of 
reasonable titre monospecific typing 
antibodies against the major histo- 
compatibility antigens. These precious 
sera, obtained from immunised volun- 
teers, multiparous women, transplant 
recipients or primates ¢ake months or 
even years of laborious work to pro- 
duce, test and become acepted as 
standard reagents. Anttbodies, over 200 
in all, are tested for lysis of recipient 
cells and potential donor cells; identi- 
cal reaction patterns indicate identical 
recipient and donor histocompatibility 
type at the HLA-A, B, C and D locus. 
Commercial reagents are expensive, yet 
the use of antisera against histocom- 
patibility products in the analysis of the 
association of particular diseases with 
the major histocompatibility complex 
(MHC) as well as for routine tissue 
matching, is increasing daily. The 
ideal solution to these serological 
problems would be for sufficient sup- 
plies of standard typing reagents to be 
avaalable worldwide. 

The isolation and characterisation of 
MHC products, on a large scale and 
experiments designed to answer many 
basic questions related to the under- 
standing of their evolutionary signi- 
ficance, present role and importance in 
tissue rejection and prevention of 
disease would also be made much easier 


with a readily available supply *of 
standard monoclonal antibodies to the 
MHC antigens. 

Milstein et al. constructed their 
hi mpatibility antibody secreting 
cell line by fusing a mouse myeloma 
cell line with spleen cells of AO-strain 
rats previously immunised against DA 
strain antigens. Clones grown up 
from individual hybridisations were 
tested for their ability to produce anti- 
DA antibodies, and a clone was 
selected which was further character- 
ised as producing antibody against an 
individual K/D specificity of the Ag- 
B4 haplotype, thereby identifying the 
first uniquely defined antigenic speci- 
ficity in the rat MHC. The authors 
hope that characterisation of the pro- 
ducts of other clones will lead to the 
identification of other gspecificities® of 
the Ag-B4 haplotype. 

This work illustrates the latest use 
of basic techniques developed in 
Milstein’s laboratory for producing 
hybrid cell lines secreting antibody of 
defined specificity (see Köhler &` Mil- 
stein Nature 256, 495; 1975), a tech- 
nique now being exploited in other 
laboratories. 

At a recent discussion meeting at 
Cambridge K. Rajewsky and G. Him- 
merling reported that they have hybrid- 
ised tumour cells with a variety of 
antibody-producing cells to obtain liges 
of cells synthesising antibody against a 
wide range of idiotypes as well as 
bacterial and mammalian cell com- 
ponents, 

Antibody production from tissue 
cultures of such cells requires culture 
facilities on a larger scale than many 
laboratories possess.” Rajewsky ef al. 
have however developed an in vivo 
culture system which brings production 
of experimental quantities of antibodies 
from hybrid cells easily within the 
capabilities of most laboratories. The 
hybrid cells are injected into a histo- 
compatible animal where they pro- 


liferate, * producing high levels of 
antibody which can be recovered from 
the animal’s serum. This provides a 
method of obtaining experimental 
quantities of antibody from many fewer 
animals than needed with techniques 
now used. 

At present, 100 rats are needed to 
produce 10* lytic units of anti-Ag-B 
serum for example, but using the 
Milstein/Rajewsky approach only one 
rat would be needed, although perhaps 
10 rats would be necessary to cover all 
the variants of specificity. 

The commercial importance of such 
work is that it converts antibody pro- 
duction from a biological science with 
ali its inherent Variability and non- 
reproducibility into the realms of syn- 
thetic chemistry where any desired 
reagent is available off the shelf and 
can be assumed with reasonable con- 
fidence to be identical to the same 
reagent in any other laboratory. Mono- 
clonal antibodies do have disadvan- 
tages; for example, a monoclonal anti- 
HLA-B7 reagent might only react with 
10% of thee HLA-B7 individuals 
defined by a polyclonal serum. Such 
disadvantages can be easily circum- 
vented however, and there will be the 
advantage that it will be posstble to 
identify the variants of histocompat- 
ibility specificities such as HILA-B7 so 
precisely that near perfect tissue match- 
ings can be made, and the precise 
relationship of disease to the HLA-B7 
complex, defined. 

The potential of cell fusion in 
immunology extends far beyond im- 
munoglobukin production. It should 
eventually be possible to produce a 
range of helper, suppressor and factor- 
producing cell lines. The development 
of the Milstein technique now offers the 
British government a uniqueopportunity 
of extending this work by financing a 
centre for the production of such 
hyBrid cell lines and for UK companies 
to take the commercial initiative. (0 
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Neuroanatomy of visual acuity 


from Peter Lennie 


Owe of the aims of, vision research is 
to find the structures that underly our 
visual capabilities; sometimes the rela- 
tion between structure and function is 
striking. There is a regular correspond- 
ence between points on the retina and 
points on the primary visual cortex in 
man, but because the cortical projec- 
tion of the fovea (the area of the retina 
responsible for the resolution of fine 
detail) is huge in relation to the pro- 
jection of the peripheral retina, the 
map on the cortex is a distorted 
representation of the retinal surface. 
The la®ge projection of the foveal 
region seems to be required for the 
resolution of fine detail, for there is a 
close relation between the “cortical 
magnification factor’ (M)—the distance 
in mm on the visual cortex corespond- 
ing to an angle of one degree sub- 
tended at the eye—and visual acuity, 
expressed as the angle subtended at 
the eye by the smallest object that can 
be resolved. Cowey and Rolls (Expl 
Brain Res. 21, 447; 1974) showed a 
high correlation between 1/M and the 
minimum angle of resolution (MAR) at 
different points in the visual field, which 
suggests that a constant amount of 
visual cortex is devoted to the minimum 
angle of resolution, whatever its value. 
The much magnified cortical repre- 
sentation of the ‘foveal region may 
originate in the distribution across the 
retina of the ganglion cells whose 
axons project to the lateral geniculate 
nucleus (LGN), which relays to the 
cortex. With the exception of the 
‘foveal region the density of ganglion 
cells decreases regularly with increas- 
ing distance from the fovea, and is 
found to be proportional to M’. Thus 
over most of the visual field the magni- 
fication factor could be explained by 
assuming that, on average, each gang- 
lion cell projects to an equal area of 
visual cortex. In the foveal region, 
where acuity is best and cortical 
magnification highest, the relation- 
ship between ganglion cell density and 
M? breaks down however, probably 
because the ganglion cells are arranged 
in a band around the fovea] cones to 
which they are connected and thus are 
displaced from their receptive fields. 
If the displacement of ganglion cell 
bodies causes the breakdown of the 
proportionality between ganglion cell 
density and M’, an allowance for this 
displacement should extend the pro- 
portionality into the yery centre of the 
fovea. Rolls and Cowey (Expi Brain 
Res. 10, 298; 1970) have done this for 
monkeys and Drasdo (this issué of 
Nature, page 554 has now made a 


correction for ganglion cell displace- 
ment in man, by computing the density 
of ganglion cell receptive fields at 
different distances from the fovea. He 
has shown an impressive correlation 
between calculated receptive field 
density and M’ from the fovea to 
points 40° in the peripheral retina, and 
has also formulated an equation for 
which he claims some generality in 
predicting visual performance at any 
point in the visual field. 

These findings suggest a remarkable 
simplicity in the arrangement of the 
mechanism subserving visual acuity. 
However, other recent work has 
révedied new complexities in the 
structure and function of the visual 
system that make these simple relations 
rather surprising. 

One of these is that retinal ganglion 
cells project to several areas of the 
brain (notably to the superior colli- 
culus) besides the visual cortex. We 
cannot be clear therefore about the 
significance of the simple relations 
between visual acuity,* cortical magni- 
fication and the overall density of 
ganglion cells until we know what 
fraction of cells projects to the visual 
cortex, and whether this fraction varies 
with position on the retina. The answer 
to this question is unclear, although 
recent evidence (Bunt ef al, J. comp. 
Neurol. 164, 265; 1975) suggests that 
in fact virtually all ganglion cells pro- 
jett to the cortex through the LGN 
and therefore that projections to other 
areas arise through collateral axons 
from the same cells. 

A more intriguing problem arises 
from the fact that there are several 
different types of ganglion cell, dis- 
tinguishable histologically (and in the 
monkey also physiologically), and so 
we also need to know how the different 
cell types contribute to the population 
of cells that does project to the cortex. 
Although it is now more than 30 years 
since Polyak gave a thorough anatomi- 
cal description of different cell types in 
the primate retina, only recently has 
much attention been given to their 
possible functional roles. The impetus 
to much of this work was the discovery 
in the cat’s retina of several classes of 
ganglion cell that are physiologically 
and morphologically distinctive and in 
some cases at le&st have different pro- 
jections in the brain (see Levick in 
Nature 254, 659, 1975 for a review). 
The primate visual system also seems 
to contain ganglion cell types that are 
physiologically distinctive (De Monas- 
terio and Gouras J. Physiol. Lond. 251, 
167; 1975), although these seem to be 
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less clearly differentiated and are not 
so obviously related to morphology. 
One is therefore fed to ask what 
different functions they subserve and 
whether their projections on the 
primary visual cortex are topo- 
graphically different. 

Since the physiologically different 
cell types are distributed differently on 
the retina it seems dikely that they will 
project differentfy on the primary 
visual cortex. This being the case it is 
puzzling that M, which must reflect the 
projections of all classes of ganglion 
cell, should be so simply related to 
MAR, which one suppose¢$ might be 
mediated by a single cell type. Perhaps 
this class is predominant, and cells 
of other types, even if they differ in 
their distribution on the retina and 
their projections on the cortex, occur 
in numbers too small to upset the 
simple relation between cortical magni- 
fication and minimum angle of resolu- 
tion. 

We might obtain some clearer idea 
of the functions of the putative minor 
classes of cell if a variety of tasks 
were used to examine different forms 
of visual acuity in relation to position 
in the visual field. At all events, the 
heterogeneity of ganglion cells argues 
for caution in interpreting relations 
between the gross structure and func- 
tion of the visual pathway. P O 


Historical 
ichthyology . 
from a Correspondent 


TAXONOMISTS are forced by the 
disciplines of their calling to be con- 
tinually aware of the past history of 
their field of study. At a basic level 
they are obliged to refer to the 
earliest description or published name 
for an animal or plant, and possibly 
more than in most sciences the con- 
stant reference back to the early litera- 
ture is part of the taxonomist’s way of 
life; to a large extent the early litera- 
ture is as significant as later syntheses. 
In this context it is not surprising that 
traditional taxonomists are often deeply 
involved with the history of their field, 
or with the life and work of earlier 
students of their subject. A recently 
published study of Francis Day (1829- 
1889) and his collections of Indian 
fishes by P. J. P. Whitehead and P. K. 
Talwar (Bull. Br. Mus. nat. Hist. (Hist. 
Ser.) 5, 1; 1976) is an excellent example 
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of such painstaking -research. 

Francis Day was born in 1829 in 
Sussex, and qualified in medicine at 
St George’s Hospital in London (1851). 
Immediately after qualifying he joined 
the Indian army as Assistant Surgeon 
and between 1852 and 1863 worked in 
the medical service in India, broken 
only by a year’s sick leave in England 
in 1857. Until about 1863 his career 
was largely medical but then he in- 
creasingly became involved in natural 
history studies especially those of fishes. 
During 1864 and 1865 he was in 
England, presentigg his first major 
paper, On the fishes of Cochin (Proc. 
zool. Soc. Lond. 2-40, 286; 1865), and 
late in 1865 publishing the Fishes of 
Malabar (Quaritch, London) a major 
work on Indian fishes, In 1866 he 
returned *to India accompanying a 
consignment of trout eggs in an 
(eventually unsuccessful) attempt to 
establish this fish in the Neilgherry 
Hills. From then until 1869, although 
nominally still employed in the medical 
service of the army, Day became in- 
creasingly involved in fishery surveys 
and the study of fishes. In 1871 he 
was appointed Inspector-General of 
Fisheries, and commenced a series of 
active surveys in various parts of India. 
In 1874 he returned to England to 
begin writing The Fishes of India (pub- 
lished in four parts between 1875 and 
1878, with a supplement in 1888). This 
book is still the only reference work 
on the fishes of the subcontinent as a 
whole, and, although many revision- 
ary stydies of groups of Asiatic fishes 
have been published since, reference to 
The Fishes of India is still obligatory 
for the student of Indian fishes. 

In his later years Francis Day turned 
his attention to European fishes, and 
his Fishes of Great Britain and Ireland 
(1880-1884) and British and Irish 
Salmonidae (1887) were for many 
years classics in their field. They are 
now highly priced by the antiquarian 
book trade, as are his other books, 
which perhaps still indicates their 
value. Francis Day died in 1889 at 
Cheltenham, Gloucestershire. 

These are the bare bones of Francis 
Day’s career as surgeon and ichthyo- 
logist, and they correctly suggest a man 
of remarkable energy and achieve- 
ment. Whitehead and Talwar provide 
far more detail and have produced a 
rounded study of the man (despite 
their modest statement that there is 
“As yet, .. . no full biography of 
Francis Day’’), and the difficulties that 
he had to face with unsympathetic 
superiors in India, and the criticisms 
and obstructiveness of Albert Giinther, 
the British Museum zoologist. Their 
assessment of Francis Day is that he 
“was one of the outstanding figures in 
that phase of ichthyology which called 


for comprehensive works on the fishes 
of particular regions”. 

Beyond the themes of biography and 
assessment of Day’s work, Whitehead 
and Talware concentrate on the distri- 
bution of Day’s superlative collection 
of fishes. Although his collection was 
brought to England when he was 
writing The Fishes of India, less than 
half of it found its way to the British 
Museum. No fewer than fourteen 
museums received parts of his collec- 
tion either by gift or sale, and his per- 
sonal library and many manuscripts 
passed to his daughter and thence to 
Cheltenham Public Library. Major 
collections were sent to the Indian 
Museum, Calcutta, the Australian 
Museum, Sydney, the Naturhistorisches 
Museum, Vienna, and the British 
Museum (Natural History). These four 
collections between them hold most, of 
the type material of species described 
by Day, and Whitehead and Talwar 
present a tabulation of all the syntypic 
material of Day’s species in eleven 
muséum collections. Their painstaking 
listing of extant specimens and the 
route which each lot followed to the 
appropriate museum, with Day’s indi- 
cation of their importance, is a major 
contribution for later taxonomists 
working on Indian fishes. 
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That so little of Day’s collection 
(and that, in general, the less important 
material) was to be found in the 
Natural History Departments of the 
British Museum, later (1880) to 
become the British Museum (Natural 
History), was due to the acrimonious 
relationship between Day and Albert 
Gunther. Whitehead and Talwar deal 
with the beginnings of this bitter episode 
and its continuance until just before 
Day’s death. The quarrel has also been 
touched upon recently by Giinther’s 
grandson, A. E. Gunther (4 Century 
of Zoology at the British Museum..., 
Dawsons, London; 1975), but now that 
both sides of the story can be com- 
pared it is clear that Gunther was 
particularly unjust in his relationship 
with Day. The immediate rgsult was 
that the most important portion of 
Day’s collection was sent abroad and 
not, as would have been expected at 
that time, lodged in London. 

Although Whitehead and Talwar 
pecount this episode of nineteenth 
century zoological in-fighting in detail, 
and one must admit it makes fascinat- 
ing reading, their study of the history 
of Day’s collection is a fundamentally 
important contribution to furthering 
the study of the taxonomy of Indian 
fishes. ° g 


Polyphosphazenes: tailored polymers 


from Paul Calvert 


Tue polyphosphazenes are a versatile 
group of polymers based on an alternat- 
ing phosphorus and nitrogen chain, 
which are potentially useful as ‘low 
temperature, solvent resistant elasto- 
mers and may also have a number of 
applications in medicine. Recently 
published calculations of conforma- 
tional energies shed light on the origin 
of their rubber-like behaviour and 
nicely illustrate both the gap between 
calculable and observable quantities 
and the benefits which could be gained 
by closing the gap. 

Inorganic polymers have been a Sub- 
ject of interest for many years, partly 
in the hope of finding materials which 
would be resistant to temperatures 
above 350 °C where most organic poly- 
mers start to oxidise and partly, one 
suspects, to allow inorganic chemists to 
make themselves ustful. The effort has 
not been a great success, to a large 
extent because many of the polymers 
produced are thermally stable but very 
vulnerable to hydrolysis. The only im- 
portant group of commercial inorganic 
polymers is the silicone rubbers which 
are used as low temperature, chemical 


and solvent resistant elastomers (glass 
transition temperature 150K). Their 
main drawback is that they are 
mechanically weak. 

.The polyphosphazenes have the 
greatest promise of the remaining in- 
organic polymers. The simplest example 
is poly(dichlorophosphazene) produced 


Cl Cl 
1/7 
P=N} 


by polymerisation of the trimer hexa- 
chlorocyclophosphazene which is the 
product of reaction between ammonium 
chloride and phosphorus pentachloride. 
This polymer readily hydrolyses starting 
at the chlorine—-phosphorus bond but 
the trick to producing stable polymers 
found by Allcock and coworkers in 
1965 is to reflace the chlorine with 
organic groups linked to the chain by 
either an oxygen or nitrogen atom. This 
is done by reacting the chlorinated 
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polymer directly with the appropriate 
amine or sodium alkoxide. 


OR OR 
[P=N}. 


NR2NR, 
p= NH, 


Since then Allcock’s group at Penn- 
sylvania State University have published 
about 30 papers describing the syn- 
thesis and properties of a large number 
of these polymers (see Science 193, 
1214, 1976; and Chemtech 553, Sep- 
tember 1975). The imterest of these 
polymer® lies in this versatility, an 
indefinite number of side groups can 
easily be added to producé a wide 
range of properties without having to 
perform a new polymerisation each 
time. The low temperature flexibility 
of some of these materials can also be 
applied. 

Low temperature elasticity is neces- 
sary not only to make rubber gremmets 
for use in cold climates but also in the 
pumping and handling of cold liquids. 
A necessary condition for this is be- 
lieved to be chain flexibility, that is, 
unhindered rotation about the chain 
backbone bonds. In the polyphospha- 
zenes and silicone rubbers this arises 
by the alteration of an unsubstituted 
chain atom (the nitrogen) with one 
carrying only sm substitutes (tle 
phosphorus) so that internal rotation 
can occur without the side groups 
colliding. Allcock, Allen and Meister 
(Macromolecules 9, 950, 956; 1976) 
have made a start toward quantifying 
this by calculating the potential energy 
as a function of conformation for a 
series of halo- and organo-substituted 
polyphosphazenes. These calculations 
assume a Lennard-Jones interatomic 
potential and then evaluate the poten- 
tial energy due to neighbouring groups 
on the chain as a function of the bond 
angles. However the chain does have a 
conjugated double bond structure which 
might also hinder rotation, although 
Allcock asserts that it does not on the 
basis that the orbitals will be symmetric 
about the bond axis. The exact nature 
of the P-N double bond ig still a 
matter for debate and they may have to 
be taken „into account (Allcock Phos- 
phorus—Nitrogen Compounds Aca- 
demic, London—New York, 1972). The 
potential energy barrier to bond rota- 
tion calculated in this way is directly 
related to the chain flexibility and can 
be compared with the polymer glass 
transition temperaturé which varies 
from 180K for the difluoro ‘polymer to 
265 K for poly(diphenoxyphosphazene). 
The calculated barrier heights correlate 
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Ultraviolet windows in sunglasses: 


from John Walker 


Can sunglasses damage the eyes? Two 
American scientists have discovered 
that many sunglasses on sale in the 
United States are not effective in 
filtering out ftltraviolet radiation; 
they may actually increase the pos- 
sibility of eye damage in bright 
sunlight. 

Visible light has wavelengths be- 
tween 400nm  (blue/violet) and 
700 nm (Fig. 1). Other wavelengths, 
which are at best unnecessary for 
vision and at worst a danger to the 
eyes, ought to be removed by sun- 
glasses before reaching the eyes. 
Ultraviolet (300-400 nm} in particular 
is quspected of causing cataracts. 

Anderson and Gebel (Appl. Optics 
16, 515; 1977) tested sunglasses they 
had randomly purchased in local 
shops and drugstores (in Ohio, USA). 
Many of them were optically ugsatis- 
factory and “* . . . seem to be de- 
signed more to satisfy the fashion 
whims of the wearer than to shield 
the eyes from unnecessary radiation”. 
One-third of their selection trans- 
mitted more light in the ultraviolet 
than in the visible—in the worst case 
70% transmission at 360 nm compared 
with 20% at 550nm (Fig. 1). This 
may be dangerous for two reasons, 

First, as the amount of visible light 
reaching the eye is cut down, much 
stronger outside light levels can be 
tolerated without discomfort, and so 
the ultraviolet exposure may be 
greater than if no sunglasses were 
worn. Alternatively, the reduced 
visible light intensity causes the pupil 
to dilate allowing more light to enter 
the eye. Anderson and Gebel cal- 
culate that the worst sunglasses 


well with the observed glass transition 
temperatures for the halo- and organo- 
substituted polymers separately but 
poorly when the two groups are com- 
pared, the organo compounds having 
larger barriers to rotation for similar 
glass transition temperatures. Clearly 
some other factor must be taken into 
account, 

This question should really be taken 
further as there has been relatively 
little advance since the theory of Gibbs 
and DiMarzio in 1962 stressed the im- 
portance of chain flexibility for the 
glass transition. The polyphosphazenes 
provide a good system on which to 
relate properly the calculated con- 
formational energies to the glass tran- 
sition temperatures since the ease with 
which substituents can be changed on 
the same backbone should allow the 
isolation of factors such as polarity, 


actually double the amount of ultra- 
violet absorbed by the eye (Fig. 1); 
thus there is a greater risk of eye 
damage than if no sunglasses were 
worn. 

Some sunglasses were quite satis- 
factory, however. Figure 1 shows the 
transmission “spectrum of one of the 
better pairs—though even there it 
would be better if the transmission cut 
off at 450 nm instead of 390 nm. And 
unfortunately there appeared to be no 
correlation between ultraviolet per- 
formance, price, lens colour or manu- 
facturer; there is nò way of picking 
a good pair other than by measuring 
its transmission spectrum. 

The authors conclude that their 
preliminary study should be extended, 
and should include prescription sun- 
glasses (the only pair they tested per- 
formed very well). Furthermore “... 
it would be in the consumers’ interest 
for manufacturers to indicate in some 
manner the transmission character- 
istics of their lenses over the solar 
spectrum”. 
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side group flexibility and copolymer 
composition. 

The proposed uses for the poly- 
phosphazenes also reflect the effect of 
side groups on the polymer properties. 
Small side groups give a low glass 
transition temperature and resistance to 
swelling by hydrocarbons, desirable for 
gaskets and O-rings. Crystallisation is 
prevented by the use of mixed sub- 
stituents so that the polymer is 
rubbery With some subtlety it should 
be possible to produce a rubber which 
crystallises only on stretching. This 
would give good strength properties 
comparable to natural rubber rather 
than to silicone rubber which cannot 
crystallise and is weak. By adding 
fluorinated substituents polymers can 
be produced with a low surface energy 
which could be used for water repellent 
coatings and for surgical implants 


-- 
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where a low surface energy is believed 
to reduce the tendency of implants to 
cause blood clotting? The amino- 
substituted polymers can be made water 
soluble and are susceptible to hydrolysis 
to varying extents. Uses as resorbable 
sutures and slow release drug carriers 
are being investigated. 

There are a number of groups of 
polymers where a wide range of proper- 
ties can be produced by altering the side 
groups. The proteins and poly- 
saccharides are two class® which have 
proved their value over the years. Vinyl 
polymers which ange from poly- 
ethylene to polyacrylamide could also 
be seen as such a class Polyphospha- 
zenes are unlikely ever to be used on a 
large scale but they do seem to have 
promise in terms Of tailoring polymers 
for specific, small scale uses. Here the 
ability to add substituents without 
having to perform a new polymerisation 
is a real advantage. This approach of 
designing polymers for specific ‘purposes 
would be real molecular engineering, 
something that is more often talked 
about than practised. The snag is that 
our current methods of predicting pro- 
perties such as solubilities and tran- 
sition temperatures are so crude as to 
shame most other branches of engin- 
eering. i 


Neural systems 


by Miranda Robertson 


The Dahlem Conference on the 
Formation and Function of Neural 
Systems was held in Berlin on 
7-11 March, 1977. The proceedings 


will be published and can be ob- 
tained from Dahlem Konferenzen, 
Delbruckstrasse 4c, *D-1000 Berlin 
33. 





ALTHOUGH nominally the meeting was 
addressed to the function as well as the 
formation of neural systems, it was 
effectively dominated by the question 
of formation. 

The growing contribution of genetics 
to the issue was divided by Peter 
Lawrence (MRC Cambridge) into two 
categories: the identification of genes 
which control development directly, 
and the identification of crucial cellu- 
lar interactions through neurological 
mutants in which they have gone 
astray. 

Two recent advances discussed at the 
meeting fall into the first category. 
One is the addition of isogenic locusts 
to the menagerie of mutants, mosaics 
and isogenic dnvertebrates on which 
much  neurodevelopmental insight 
depends. A series of isogenic strains 
has been used by C. Goodman (in ex- 
periments described by D. R Bentley, 
University of California) to distinguish 
genetically controlled variation from 


Parental care 


from John Krebs 


One characteristic of higher ver- 
tebrates is that they usually look 
after their eggs or young, a trait 
which is rather rare in fish, amphi- 
bians, and reptiles. The advantages 
of parental care in terms of survival 
of young may be obvious, but it is 
less clear why one sex rather than 
the other should provide the care. In 
birds and mammals the trend is for 
females to do more than males for 
their young, while in fish it is often 
the other way round. 

The theory of natural selection 
leads one to expect that each parent 
should, at any time during its repro- 
ductive life, adopt the course of 
action which maximises the Myumper 
of young produced in the remainder 
of its career. (It should not, of 
course, make the Concorde Fallacy 
of directing its future action on the 
basis of past investment (Dawkins & 
Carlisle Nature 262, 131; 1976)). For 
example, if the survival of young is 
greatly enhanced by care from one 
parent, but the second parent makes 
rather little difference, it would pay 
each parent to try and leave the 
young in the care of its partner, to go 
off and mate again. On the other 
hand if,the survival of young depends 
(as in most birds) on care from two 
parents, it will pay neither to desert. 

An analysis of the theory of 
parental care and desertion has re- 
cently been published by J. Maynard 
Smith (Anim. Behav. 25, 1; 1977). 
He considers two situations in which 
breeding is synchronised and seasonal: 
in one the factor-limiting production 
of young is parental care, whereas in 
the other, the number of eggs laid by 
the female is also important. In the 
first model, it would not pay the 
female to produce extra eggs since 
they would not survive without addi- 
tional care. The first model applies to 
most birds. Birds are usually mono- 
gamous and both parents care for the 
young, but if one parent can look 
after the young (as in species with 
precocial young such as gallinaceous 


epigenetic ‘noise’ in the determination 
of an identified neurone. While the 
position of the cell body varied only 
between strains (implying genetic con- 
trol), the terminal branching of the 
axon varied betweef three positions, at 
different axonal lengths, within strains 
(implying epigenetic control). 
Deducing the nature of the genetic 
control from mutants is, according to 
Lawrence, enormously complicated by 
the fact that most developmental 
mutations are bound to be lethal, 
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birds) and there is a reasonable 
chance of a second mating, it is 
usually the male which deserts. 
Although it would equally pay the 
female to desert, she is subject to a 
time constraint: she has to wait after 
copulation until she has laid the eggs, 
and this may mean that she is too 
late to have a chance of finding a 
second mate when there is syn- 
chronised seasonal breeding. The 
female can however encourage male 
fidelity by delaying tactics. If she 
refuses to copulate until the male has 
little chance of finding a second un- 
mated female, she may force him 
into faithful monogamy. id 


In mest fish, and a few birds, 
parental care takes the form of 
guarding and not feeding, so that the 
number of young reared by a female 
will depend not solely on the amount 
of parental care, but also on the 
initial production of eggs. Here the 
female has, so to speak, a choice of 
directing her reserves into parental 
care and laying fewer eggs, or chan- 
nelling all her reserves into eggs and 
deserting each clutch. As long as one 
parent can rear the young, it will pay 
the female to desert, which she often 
does. As pointed out by Dawkins and 
Carlisle (op. cit.), an additional 
factor favouring male parental care 
in fish is externa? fertilisation. With 
external fertilisation the male has to 
deposit his sperm after the eggs have 
been laid; as a result the female has 
the chance to desert first, just as in 
species with internal fertilisation the 
male has first chance. 


Mammals are rarely monogamous; 
male desertion is common because of 
the physiological commitment of the 
female to par@ntal care, at least in 
the early stages. There are, however, 
some monogamous mammals, such 
as the gibbons (Hylobates spp.), and 
it is perhaps somewhat surprising 
that these species have not evolved 
more male parental care, for exgmple 
in the form of male lactation. CJ 


which ¿Means that survivors are 
probably ‘leaky’ mutants and the in- 
vestigator is thus faced with deducing 
wild-type function from the effects of 
its reduction rather than its total 
absence. The problem was well illus- 
trated by the effects of homoeotic 
mutations on the nervous system of 
Drosophila (J. Palka, Washington Uni- 
versity). Homdéeotic mutations trans- 
form one entire ° structure into 
atfother—for example, wing into 
haltere; but the innervation of the 
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mutant structures seems to bear no 
consistent relationship to the target 
tissue, since it can correspond either to 
that of either the wild-type or the 
mutant appendage, or to a mixture of 
the two, sometimes in conjunction with 
an abnormal pattern unlike either. 

~ Genetic mosaics, which can be used 
to circumvent the lethal consequences 
of developmental mutations, can also 
distinguish direct from indirect effects 
of such mutations. Myerowitz and 
Kankel (as reported by F. D. Ready 
(Stanford University Medical School)) 
have found, for example, that a small 
group of mutant retinula cells in the 
eye of Drosophila mosaics causes a 
‘cascade’ of abnormal projections in 
the first and second optic ganglia, 
although all the other cells involved 
are wild type. 

A similar ‘cascade’ segms to 
characterise the visual system of the 
Siamese cat, in which a discrete subset 
of optic nerve fibres which projects 
ipsilaterally in normal animals instead 
crosses at the chiasm. This gives rise to 
abnormal connections in the lateral 
geniculate and at the cortex, „where 
the callosal connections have now been 
shown to be abnormal as well (C. 
Shatz J. comp Neurol. 1711, 229; 1976). 
This abnormality is common tô albinos 
of all species so far tested and is known 
to result from the absence of pigment 
rather than from the action of the 
albino gene itself, or the tysosinase 
deficiency which is its direct effect. 
(The incrimination of the pigment is 
due to numberless mink-breeders, who 
have produced animals synthesising 
pigment in varying quantities through 
mutations in no less than five different 
genes; and to R. W. Guillery, who has 
established that the degree of optic 
fibre misrouting in minks corresponds 
to the pigment deficiency and not to 
any particular gene.) 

Guillery (University œf Wisconsin), 
following up this clue to the cause of 
the mis-specification of the retinal 
fibres, has found that Gin hamsters) a 
small group of pigment epithelium cells 
is born and dies at the base of the optic 
stalk at a time when no other pigment 
tissue has yet appeared, but the optic 
fibres are just beginning to grow out 
from the eye. It seems possible that 
those pigment cells induce the speci- 
fication of the ganglion cell Axons. 

Another, example of induction of 
neural function by non-neural cells is 
that of the induction of biochemical 
differentiation in superior cervical 
ganglion cells ın vitro. Rat sympathetic 
neurones cultured on their own are 
adrenergic, but when grown in medium 
‘conditioned’ by various types of non- 
neural cell they’ synthesise acetylcho- 
line and form nicotinic cholinergic 
synapses (Furshpan ef al Proc. natn. 


Acad Sci. U.S.A. 73, 4225; 1976). 
Further experiments with these cells 
(P. Patterson, Harvard Medical 
School) have shown that all tissues 
seem to be able to induce, cholinergic 
function, though to widely varying 
degrees which do not seem to be re- 


’ lated to whether they normally receive 


cholinergic or adrenergic innervation, 
or any innervation’ at all There is evi- 
dence in the spinal cord in vivo that 
transmitter induction is determined by 
position (Le Douarin et al. Devl Biol. 
41, 162; 1974). 


The question of how far neural 
development is dictated by other 
tissues arises in a more specific form 
in the context of synaptogenesis, 
which has been investigated princi- 
pally at the neuromuscular junction. 
Do neurones, for exampte, recognise 
theyr éarget issue by its neurotrans- 
mitter receptors? Experiments showing 
synaptogenesis in the face of receptor 
blockade imply that if they do, it is not 
by virtue of their transmitter binding 
sites (Cohen Brain Res. 41, 457, #972; 
Anderson ef al. Neurosci. Abstr. 2, 
707; 1976): The possibility, fleetingly 
raised, that receptor clusters (hotspots) 
might attract innervating fibres has 
also been ruled out by Anderson er al., 
who showed by fluorescence labelling 
of receptors during synaptogenesis that 
innervating fibres did not make 
synapses at existing hotspots but in- 
duced receptor clustering very rapidly 
on contact. 


It is now clear that an important 
contribution to the pattern of synapse 
formation is made by the withdrawal 
of most of the contacts initially made 
by the innervating neurone. The evı- 
dence for this selective elimination 
comes both from physiological and 
anatomical investigations on the neuro- 
muscular junction (Brown ef al. J. 
Physiol., Lond. 261, 387; 1976) and 
from anatomical studies on the cat 
visual system (Rakic Nature, 261, 467; 
1976, Hubel er al. Phil Trans R. Soc. 
in the press). Its mechanism is not 
known, but seems to reside largely in 
the nerve. Brown et al. have ruled out 
competition between lenses by the 
demonstration of withdrawal of 
syrfapses from rat soleus after 75% of 
the innervating axons have been cut, 
even when that leaves many fibres de- 
nervated. They do not however rule 
out some influence of the muscle itself 
in the selection of which fibres are to 
be retracted. 

Investigation of *this AEE in 
nerve-nerve synapses has been made 
possible for the first time by the dis- 
covery of J. Lichtman, reported by D. 
Purves (Washington University), that 
four out of five terminals made by 
guinea pig submandibular ganglion cells 
are withdrawn within four weeks after 


Nature Vol. 266 7 April 1977 


birth. 

The ‘broader implications of selec- 
tive synaptic elfmination are suggested 
by the proposal (D. Hubel, Harvard 
Medical School) that the period over 
which it occurs may correspond to the 
‘critical’ period within which the de- 
velopment of the central nervous sys- 
tem can be influenced by its input. But 
the demonstration that the effects of 
monocular deprivation can be reversed 
during the critical period implies that 
fibres must Be able to sprout as well 
as to withdraw. 

So far, anatomica] evidence of plas- 
ticity has been available only for the 
distribution of ocular dominance in 
the innervation of the visual cortex and 
anatomical data on the distribution of 
orientation selectivifY (the nature of 
whose plasticity has been fiercely dis- 
puted) have been beyond neurology’s 
technical means. Now however the 
anatomy,of the orientation columns has 
become accessible through the dis- 
covery that “C-deoxyglucose can be 
used for the selective staining of active 
neurones (Kennedy et al. Proc. natn. 
Acad. Sci. U.S.A. 73, 4230; 1976). 
Hubel has applied this technique to the 
autoradiographic mapping of the ver- 
tical orientation columns of the monkey 
visual cortex, confirming the indica- 
tions from electrophysiological mapping 
that there is no regular anatomical re- 
lationship between the orientation 
columns and the ocular dominance 
columns. Whether this technique can 
be brought to bear on the issue of 
plasticity in orientation selectivity re- 
mains to be seen. 

In the meantime, however, inverte- 
brate neurophysiologists are preparing 
to join the fray. R. Murphey (State 
University of New York) reported that 
unilateral immobilisation of the mech- 
anoreceptive hairs on the cerci of de- 
veloping crickets raises the sound 
threshold of the medial giant inter- 
neurone which receives its input from 
the cercal mechanoreceptors on the 
treated side of the animal. Matsumoto 
and Murphey (J. Physiol., Lond. in the 
press) suggest on the basis of the direc- 
tional tuning curve of the giant neu- 
rone that an increase in the activity of 
the crossed inhibitory input from the 
contralateral cercal hairs may at least 
partly account for their result. 

While this has interesting echoes of 
the suggestion (Duffy et al. Nature 260, 
256; 1976) that in monocular depriva- 
tion, a tonic inhibitory input to the 
visual cortex from the non-deprived 
eye may explain the unresponsiveness 
of deprived cortical cells, there is much 
too much uncertainty about the precise 
mechanism of either the invertebrate or 
the vertebrate results to justify firm 
conclusions, let alone direct compari- 
son, at this stage. O 
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Thermal evaporation of gas within galaxies 

by a hot intergalactic medium 

Lennox L. Cowie 
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High-temperature (T ~10° K) imtergalactic gas interacts ° V. pw (4w?+ 5 c2)-+V.q = 0 (1B) 


with cooler embedded gas within galaxies and extragalactic 
clouds principally by thermal evaporation. From Cowie and 
McKee’s model for evaporation of spherical interstellar 
clouds, in pressure balance with a hot ambien? medium, we 
produce solutions for oblate and prolate spheroidal sym- 
metry. The results are applied to evaporation of gases 
within spiral and elliptical galaxies, and can be extended to 
evaporation of filamentary clouds in the interstellar medium. 


THE recent discovery of Fe XXV emission lines in the spectrum 
of X-ray emission from the Perseus cluster!, together with meas- 
urements of the cosmic microwave background?, thermal 
bremsstrahlung spectrum fitting?, and tailed radio galaxy 
measurements‘, provides convincing evidence for the existence 
of a hoj (T ~ 10° K) intergalactic gas within the potential! well 
of rich clusters of galaxies. It ts also likely that a substantial 
amount of gas, residual from the galaxy formation process, lies 
outside the rich clusters; such gas may provide the closure 
density required to bind, the universe gravitationally. Field* has 
summarised the observational constraints on such gas and shown 
that for a Hubble constant of 50 kms 7! Mpc, {a critical 
hydrogen number density of 2.6x 10 cm~), observations 
require only that the gas be highly iontsed at z = 2 and at 
temperatures of less than 4x 10% K at the present epoch. (For 
higher values of the Hubble constant, constraints imposed 
by the isotropic X-ray background are more severe, since the 
intensity 1s proportional to H,*). The most attractive evidence 
for the presence of such an intergalactic medium 1s the feature 
observed at 30 keV ın the isotropic X-ray spectrum which may 
be fitted well by thermal bremsstrahlung from a gas with 
closure density and a present temperature of 3x 10° K (refs 
5,6). 

Several studies have been made of the thermal evaporation of 
gas within galaxies” ~?, and of the ionisation by the metagalactic 
ultraviolet radiation which dominates at lower temperatures’. 
De Young’ and Bergeron and Gunn’, analysed the evaporation 
as direct particle heating by penetrating particles (ions and 
electrons) from the intergalactic medium, neglecting the 
dynamics of the evaporation process. An analytical model for 
evaporation has been developed by Cowie and McKee", who 
derived time-independent evaporative mass loss rates for a 
spherical cloud embedded tn an infinite hot gas with asymptotic 
density m and temperature 7; by finding simultaneous ergen- 
values of the mass and energy conservation equations 


V.(pw) == 0 (1A) 


where p is the mass density, w the velocity of outflow, c the 
isothermal sound speed and q the electron heat flux. 
In the case in which the heat flux can be written as 


where x is the classical thermal conductivity 
K =k, T5? = (1.84 x 107-5 T**)/(in A erg s~ deg7! cm~?) (2B) 


(In A is the Coulomb logarithm, ref. 10) the pressure is approxi- 
mately constant throughout the interface and the flow subsonic; 
since the condition M?’ < 1 is satisfied, equations (1A. and 1B) 
are approximately separable in a number of coordinate systems. 
(The equations cease to be separable when the term (w.V) w 
in the momentum conservation equation becomes important.) 

Here we shall describe the solutions for both oblate and 
prolate spheroidal symmetry. The analysis closely follows that in 
Cowie and McKee!!; in particular, oblate (prolate) spheroidal 
surfaces of corfstant u replace surfaces of radius r (the notation 
is that of Arfken)!*. Thus the boundary conditions become 
T =O at the surface of the cloud (u = u.) and T-> T: as 
u —> oo. In terms of u, the mass loss rates from the clouds are 


Oblate: M = 8napk, T;5/2/25 ka(nj4— 8o) (3A) 


Prolate: M = 16napk, T:5/*/25 kp |Yo] (3B) 


Here pt isthe mean mass per particle, ka the Boltzmann Constant, 
while 


(4A) 
(4B) 


6, = tan `^? (tanhtu,) 
Yo = ln (tanh4w,), £ 


where a is related to the semi-major (/) and semi-minor (b) axes 
of the ellipsoid of constant u by 
6 


(SA) 
(SB) 


I = acoshu 
b = asinhu 


In the limit as the surface ue — 0 (oblate spheroid -> disk, pro- 
late spheroid — needle), the result for the oblate case is a 
factor of 2/m times the mass loss rate from the surface of a 
sphere of radius a; however, in the prolate case, the mass loss 
rate tends to zero as the surface area of the cloud vanishes. Both 
mass loss rates drive clouds towards sphericity on timescales 
comparable with the evaporation time. 


502 
We have also evaluated the temperature distributions as 
D— 8 
E ea E Eeh 
Oblate (T/T) 0.1/4 (6a) 
Prolate “(T/T )8* = oe (6b) 


where 8 and y refer to the surface of constant u at which the 
temperature is evaluated. These may be used to evaluate the 
column density of a given ion in the evaporative interface (see 
Section IU of McKee and Cowie for details). For example, 
along the axis vy = x/2 of the oblate spheroid (the axis of rota- 
tional symmetry), we obtain for the column densities of OVI, 
assuming cosmic abundances! and steady-state ionisation 
equilibrium? 

Novi = 2.04 x 107 ank3 x 105 K/T)” (7) 
Emissionemeasures may also be calculated in terms of the 
external density and temperature (nr, To) and the dimension a. 

The mass loss rates calculated above may oweréstimate the 
mass loss if the heat flux given by the classical formula of 
equation (1) exceeds the maximum heat flux which may be 
carried by the electrons. This was estimated by Cowie and 
McKee to be 59,p c°, where 9, is a factor of order unity. In the 
spherical case the mass loss rate may be calculated exactly even 
in this limit (compare Cowie and McKee) 11; however, in the 
geometries considered, saturation, of the conductivity 1s a 
symmetry breaking effect which precludes an analytic solution, 
while, as we have discussed above, the hydrodynamic equations 
are no longer separable. 

Thus we note that, in the “oblate spheroidal geometry, 
saturation of the conductivity occurs initially along the y= 0 
axis, where temperature gradients are a maximum. In terms of 
the parameter 


2 
a ies 2Krl¢ he T: -in -~1 
0 Sertera  \154x 103) 


which measures the ratio of the electron mean free path to the 
characteristic dimension of the system, this occerrs when 


(8) 


Oo ~ 5.7 U5, uy € 1 (9) 
or substantially earlier than would be the case for a sphere of 
radius a where saturation occurs at o, ~ 1. Initially the effect 
is confirmed to a very narrow range of y and has little effect on 
the mass loss rates. As o,e> 2.5 the heat flux saturates through- 
out the interface; beyond this range we would expect the mass 
loss rates to approximate those found by Cowie and McKee" 
for spherical clouds of radius a, because the energy flow is 
governed by the outer regions of the saturated zone which is 
approximately spherically symmetric. 

For clouds of a given column density, the effects of radiation 
on the‘evaporation depend only on the external temperature"; 
numerical integration shows that the resufts of McKee 
and Cowie for the radius of spherical clouds at which 
radiation dominates the conductive heat flux and clouds 
condense are approximately applicable to the oblate spheroidal 
geometry, if the dimension a is substituted for the spherical 
cloud radius. For temperatures >10°K, the condition for 
radiation to be unimportant is that the factor o, exceeds 0.027. 
We have also assumed in the above discussion that the effects 
of magnetic field structure do not substantially inhibit the ther- 
mal evaporation. Cowie and McKee suggest that this approxi- 
mation is reasonable if the magnetic fields of the cloud and 
intercloud are well conrtected, a condition that will be self 
consistently satisfied if evaporatton is important. For the present 
purposes it may be considered as am extreme assumption, 
providing an upper bound to the mass loss rate by evaporation. 


e 
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Fig. 1 Evaporative mass loss rates (in Mo yr") from a spiral 
AA of radius 15 kpc as a function of the local intergalactic 
temperature and density. The diagram 1s divided into three zones: 
in the shaded region radiation from the interface is important and 
galactic matgnal condenses on to the galaxy, in the central region 
classical mass loss rates are applicable, while to the right of the 
solid line fiux limiting effects are important (see text). We also 
show (— — — — — ) the value of the external parameters for 
which absorption lines in the interface may be detectable 
(Novi = 10° cm~*). 


We note finally that the evaporation rates given above for 
clouds in pressure equilibrium with the ambient gas should also 
be applicable to the evaporation of gas within galaxies, because, 
if the external temperature of the gas is large by comparison 
with thé velocity dispersion of the galaxy, temperatures in the 
interface rise too rapidly for the gravitational field of the galaxy 
to be important. 

In Fig. 1 we show the mass loss rate from a spiral galaxy of 
disk radius 15 kpc and thickness 200 pc for a wide range of 
intergalactic temperatures and densities. Foro, > 1 (shown by 
the dashed line), we have used the spherically symmetrical results 
of Cowie and McKee; the discontinyity across this surface 
reflects the uncertainty in the mass loss rates. To within the 
factor of 2/x introduced by the geometry, the results may also 
be applied to galaxies of arbitrary ellipticity. ° 

The mass loss rates are a sensitive function of the loca 
temperature, but somewhat less sensitive to the local density. 
The existence of cool gas within galaxies therefore provides an 
upper bound to the local temperature of the intergalactic gas 
which is a weak function of the intergalactic density. The most 
sensitive probe is provided by the observations of column 
densities of 2~3x 10 cm~? (0.18-0.27Mopc™*), of neutral 
hydrogen by Roberts and Whitehurst?! at 30 kpc from the 
centre of M31, where the surface density of material inferred 
from the rotation curve is 30M opc—*. The column density of 
ionised shielding slabs is unlikely to greatly exceed this value™. 
In the absence of replenishment by the stellar population, the 
evaporation time for the neutral hydrogen alone equals the 
Hubble time at a local temperature of 3 x 10° K and is independ- 
ent of the density for n = 2x10 cm~*. This value is com- 
parable to that obtained by Cowie and McKee’ from considera- 
tion of extragalactic clouds. The present results, however, are 
significantly more uncertain, as the possibility of substantial 
mass loss from a stellar population cannot be excluded. De 
Young’ estimates that if the 30Mapc™* is composed of 
0.1Mo M type dwarves losing mass at a rate of 101 Mo yr 
comparable with the solar value, an upper bound to the mass loss 
rate is 3x 10-Mo yr pc~. This would result in the weaker 
condition T < 10’K for n = 3x10 cm~. 


mo 
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It must be stressed, however, that these values refer only to 
the temperature of intergalactic gas within local groups. We 
emphasise that the average temperature of the intergalactic gas 
may be substantially higher, though temperatures as high as 
3x 10° K, required to explain the isotropic X-ray background, 
seem to be ruled out by the upper bounds on cooler material 
within groups, provided by soft X-ray measurements (compare 
Cowie and McKee’). The values of the mass loss rates from the 
galaxies are sufficiently large that evaporative stripping could 
clear material from galaxies in regions where intergalactic gas 
temperatures are high, and could account for the absence of 
gas within field SO galaxies. 

We note that for local infergalactic densities of order 3 x 10-* 

cm~* neither emission nor absorption in the interface will be 
enk, irrespective of the ambient temperature. If lower 
temperature, higher density gas does exist within the local 
cluster, the interface might be detectable in absorption (Fig. 1). 

We may apply similar arguments to galaxies which are 
members of rich clusters. The parameters of the intracluster 
medium in the cefttral regions of the cluster, based on the 
thermal bremsstrahlung interpretation of the X-ray emission 
from the Coma cluster?! are n ~ 3x 10-3 cm~? (Q ~ 1,000), 
and T = 10° K. The ratio of the mass loss rate by thermal 
evaporation to the stellar Mass injection is maximised if the 
cool gas is confined to the nucleus of the galaxy. The Fe aaa 
from the nucleus however, is 1.410 R,'®® Mo yr 
(Fig. 1), where R, is the core radius of the galaxy in pe; for 
Rp = 100 the mass loss rate is 0.25Mo yr~!. Thus even in the 
most favourable case for retaining gas, the evaporation rate 
exceeds the probable mass Injection rate by stars inside the 
nucleus for all but the most massive galaxies. 

We suggest that this effect rather than ram pressure stripping 
is responsible for the absence of the OII 43727 line in elliptical 
galaxies within rich clusters, because, as Gisler?? has pointed 
out, ram pressure stripping 1s ineffective in removing pre- 
existing gas from the nuclei of galaxies. In a sample of 100 
galaxies within the Coma cluster by Sargent and Gunn {quoted 


$03 


in ref. 19) this line was detected only in the giant central galaxies 
NGC4889 and NGC4874 which is consistent with the present 
results. 

Finally, we may note that comparison of the critical radius 
for radiative stabilisation witH characteristic scales of the 
galaxies (Fig. 1) indicates that radiation is never important, 
even for the giant central galaxies. The fesults indicate that the 
cD galaxies are not now growing by conductive condensation 
of hot intracluster gas, as has been suggested?*, although 
radiative cooling of the central intracluster gas on scale lengths 
Jarge compared with the radii of these galaxies may ultimately 
result in gravitational accretion of material on to these galax- 
jeg?l 25 
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Geochemical evolution during fractional 
crystallisation of a periodically 


refilled magma chamber 
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A realistic model of volcanic plumbing predicts that most of 


the established major, trace and isotopic chemical features 
of the common basalts could have been imposed during 
magma evolution in high-level magma chambers, for which 
process there is extensive independent field and phase 
equilibria evidence. These effects must be quantified before 
chemical features of lavas are ascribed to the nature of the 
underlying upper mantle. 


THE changes in the chemistry of basaltic liquids which occur 
during a variety of partial melting processes have been explored 
in mathematical models!:*. Extensive variations in the concen- 
trations of those incompatible trace elements which are strongly 
concentrated into the liquid are observed to occur with little 
accompanying change of the concentrations of the major 
elements (notably Fe, Mg, Na, Ca), particularly where the 
percentage of partial melt is small. Similar results can be 


produced by interaction of basalt magma with a peridotite wall 
rock in a process akin to zone refining’. General geological 
constraints suggest that both partial melting and zone refining 
processes have been restricted to relatively high pressure 
environments iñ the Earth. 

The argument outlined here is developed in the particular 
context of basaltic magmas but the model presented is equally 
applicable to any magma, because it is a mathematical formu- 
lation of the effects which will follow from a particylar style of 
plumbing in a volcano. 

Basaltic liquids which are isolated from their upper mantle 
source regions may undergo crystallisation either while full 
equilibrium 1s maintained between the residual liquid and the 
crystals which have formed, or in such a way that all crystals 
formed are immediately removed from contact with the liquid. 
The changes in the chemistry of the liquids during these 
processes differ strikingly froth those prdduced in partial 
melting processes. Large variations in the concentrations of the 
incompatible trace elements can occur, but only at the expense 
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Fig. 1 How the ae ee of an incompatible trace 
conc. element in cryst . 

conc. element in liquid * 0.001) will vary in the 
liquid fraction during a variety of processes which may lead to 
the development of a liquid P, and a further group of processes 
which may act ona liquid such as P. The change of concentra- 
tion of the incompatible trace element relative to’its concentra- 
tion in liquid P is plotted as a function of the ratio of two major, 
relatively compatible elements, exemplified by Fe, Mg for which 
it has been assumed that D = 0.7, 2.1, respectively. The scale 1s, 
however, translated into one showmeg the composition of the 
olivine which would coexist with these liquids, assuming 


Ky =og3~ (Fe) (Ms 
Mg Jol Fe lq 


It has been assumed that liquid P is in equilibnum with olivine 
of composition Fo,,. Further discussion 1s in the text. 


element: (D = 


of prqducing large volumes of crystal cumulates, and extensive 
increases in the ratios of major elements such as. Fe/Mg, Na/Ca. 
General geological constraints suggest that such processes occur 
extensively at low pressures, and are probably important at 
high pressures also. + 

The differences between the chemistry of the liquid products 
of the partial melting, equilibrium and fractional crystallisation 
processes are illustrated in Fig. 1, curves a, b, c. Curve a shows 
the evolution of the residual liquid composition during closed 


system perfect fractional crystallisation (with percentage ° 


crystallisation marked). Curve b shows the evolution of the 
intercrystalline liquid during perfect equilibrium crystallisation 
(with percentage crystallisation marked). Curve c shows the 
variation during an equilibrium partial melting process which 
would yield P as‘a 30% melt of the source region (with inter- 
mediate compositions and the percentages of melt then formed 
indicated). 
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None of the processes so far considered are effective in 
causing a variation in the ratio of two elements which are both 
strongly concentrated into the liquid felative to the crystals. 

These considerations have led to the development of two 
criterja of widespread application in studies of basalt genesis 
and upper mantle motions. If the concentrations of incompatible 
elements vary greatly in a series of basalts of comparable major 
elemept composition, this variation reflects differences in the 
extent of partial melting at the source region which gave rise to 
each magma batch. If the ratio of the concentrations of two 
incompatible trace elements differs between two series of 
basalts, they have been derived from two different source regions 
of distinctive chemistry (partly chfracterised by the ratios of 
the incompatible trace elements). 

These criteria have been critical in underpinning the hypo- 
thesis of the existence of hot fertile plunfes of upper mantle 
material rising beneath volcanic ‘hot spots’. Their application 
carries with it the implicit assumption that there has been little 
fractional crystallisation of the basalts near the surface, and 
that little chemical change, particularly of the trace element 
ratios, can have occurred in those n€ar-surface progesses. This 
view apparently conflicts with a wealth of observational and 
experimental data which indicate that most erupted basalts 
have been thoroughly modified in composition during near- 
surface processes? ™®. . 

The evolution of basaltic magmas by equilibrium or fractional 
crystallisatiog in closed systems provides only one model of 
what could occur in near-surface magma chambers. A slightly 
more sophisticated model has recently been explored in which 
the magma in a high-level chamber undergoes continuous 
fractional crystallisation, but is periodically fed with a new 
batch of the parental magma from depth. In this model, the 
arrival of this new magma batch is assumed to displace a sample 
of the residual liquid from the chamber as a lava flow. The rest 
of the residual liquid and the new batch of parental magma 
then mix, and the fractionation process continues. 

Many central volcanoes seem to have a core of gabbroic 
cumulates extending to great depth!®—?’. In the case of oceanic 
island volcanoes it is manifest that much of what is now plutonic 
gabbro must have replaced what was previously basalt which 
had erupted into and had the opportunity to react with sea- 
water. A thick portion of the oceanic crust formed at the 
ridges is composed of gabbro which may largely have replaced 
previously erupted basalts. As a refinement to the simplest 
model, provision has been made to comsider the possible effects 
which are due to the digestion of previously erupted basalts 


Fig. 2 Model of the evolution of an oceanic island volcano. 
The active magma column and differentiating chamber are shown 
in black. The advancing magma chamber has digested all the 
previously erupted basalts in the stippled column, replacing 
them with cumulates. Incorporation of basalts altered by 
contact with seawater has contaminated the isotopic ratios of 
later erupted basalts. Because the cumulate pile is built up below 
the active and advancing magma chamber, this may be a relatively 
thin sheet of liquid at the cumulate-roof interface. There need 
never have been a magma chamber of the size of the ultimate 
gabbro pile. 
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(Fig. 2). This adds a process akin to zone refining on to the other 
effects. (This zone refining, however, operates within the fertile 
ground of previously erupted basalt rather than in the ‘less 
promising ground of upper mantle peridotites). 


Let X = mass fraction of cumulate formed from the magma 
in each cycle 

Let Y = mass fraction of the original liquid before this 
fractionation which ıs extracted as a lava flow‘at the 
end of each cycle 

Let Z = mass of parental magma added in each cycle 


(expressed as an absolute quantity relative to the 
initial size of the magma chamber) 
Let Co = the initial concentration of an element in the parental 


liquid 
Let C? = concentration of element in the residual liquid of the 
e fractionation cycle, in the steady state. 


concentration of element in crystal extract 


Le D = > : 
concentration of element ın liquid 


Let Cg = concentfation of element in the material digested ‘by 
ethe magma chamber å 
= fraction of the total cumulate X fraction, which has 
been precipitated in order to provide the energy 
necessary to digest a mass fraction Q of previously 
erupted basalt. It has been assumed that Q =qX 
and that (1—q)X represents fractionation caused by 
conductive and other energy losses. e 

The following relationship may then be derived. (Full details 
of these derivations will be given in a longer communication 
which is in preparation.) 

The steady-state mass, M, of the magma chamber is given by 
Z/(X—qX-+ Y), M and Z being expressed in any absolute or 
relative units. 

The way ın which the potential lava composition, Cg, evolves 
in successive cycles towards the steady-state composition, C,§, 
during successive cycles of the addition, mixing and fractionation 
process, is shown for just one choice of the parameters Y, Y, in 
Fig. 1, curve d(q = 0). As X becomes smaller, curve d approxi- 
mates more closely to c. As X/Y becomes larger, the steady- 
state’ composition (Cf) moves to higher values of C14/Cy. ` 

The *concentration of an element in the basalt erupted 
periodically when the magma has reached a steady state, 
relative to 1ts concentration in the parental magma, ıs then 


given by . 
Ce \ {XT +¢(Co/G)—1)1+ Y}A—-x)? + (1) 
C}  1=(1—X--YX1— X)? 


(provided Z, Cy remain constant and assuming Rayleigh 
fractionation). 

Figure 3 plots (C,°/C,) against D for a various values of X, 
Y, assuming always that q = 0. The dotted curves a,a’ show 
the values of D for which one incompatible element will achieve 
a steady-state concentration 1.5 times greater than that achieved 
by an element for which D = 0.1, 0.2 (lines 6,5’) for cases where 
Y = 0.001. Much larger (absolute) differences in D are necessary 
to produce the same effect when D lies closer to unity 
and separation of elements of similar D value is most 
effective when X» Y. When X is large relative to Y, and X, Y, 
D are all small, it is possible to produce large variations in the 
ratio of two incompatible elements without large change in the 
major element composition of the parental magma. The values 
of X, Y are critical in determining the steady-state concentra- 
tions of elements with D very different from unity. 

Note that compatible element concentrations (D ~ 0.4-2.5) 
are relatively insensitive to the absolute and relative values of 
X, Y, especiallyewhen X, Y are small and X > Y (Fig. 3). 

The X/Y ratio determines the relative concentration achieved 
by highly incompatible elements, but the absolute values of X 
and Y become very important as D increases. The larger the 
values of X, Y, the higher C,°/C, of elements for which D ~ 0.3, 
and the lower C/C, of elements for which D > 1. In other 
words, the absolute values of X, Y have little effect on Cg%/C, 


Let qg 
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Fig. 3 Variation of the relative concentration of an element 
(Cy*/C,) as a function of D for a selection of choices of X, Y, 
(q = 0 ın equation (1)). At values of D along curves a, a’, the 
concentration of an incompatible element is 1.5 times that at 
values of D given on b, b*, for all curves with Y = 0.001. 


Cr? (X+ YX1— X)’ 
Co 1—(1—-X—YX1—-X) 7 


Further discussion ts ın the text. 


for incompatible elements, provided X/Y is constant, but 
greatly influence the concentration of a highly compatible 
element such as nickel or chromium, the steady-state concen- 
tration remaining higher as the absolute values of X, Y 
decrease. 

The major geochemical effects hitherto considered to be 
indicative of small and variable degrees of partial melting or 
derivation from different upper mantle source regions can also 
be produced during plausible high-level fractional crystallisation 
processes for whose operation there is so much independent 
evidence. This type of fractionation could be effective in 
exploiting small differences in D (as between isotopes of a 
single element) to produce small but significant differences in 
their relative concentrations. (These differences will not be 
completely removed by the normalisation procedures in stan- 
dard use unless the differences in D for different isotopes vary 
linearly with mass.) 

The concentration, CaS of an element in the steady-state 
liquid is made up of a spectrum of partial concentrations, Kp, 
each arising from one previous input of parental magma, such 
that e 


PoP PaP 


A = > fie y)\i—xX)y-] x 


USANA ae i (2) 


The number of mixing and fractionation cycles, p, for which 
this’ summation is equal to 0.5 represents the average residence 
time (in cycles) of that particular element in the magma 
chamber. The smaller the values of D, X and Y, the Jarger p 
becomes. An incompatible radioactive parent element (for 
example, Rb) may have been effectively present in the magma 
for a much longer time than its more compatible decay product 
(for example, ®’Sr). 
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Returning to equation i ue can consider the probable 
effects of the digestion of previously erupted basalts. Setting 
q = 0.5, Co/Co = 2, X/Y = 1, C$ will be 1.25 times as large 
as it would have been had there been no digestion of basalt. 
If q = 0.8, however, (Ca/Co) = 5, X/Y = 3, Cp? becomes 3.4 
times larger than it would otherwise have been, and the contri- 
bution of digestion af previously erupted baslts begins to 
dominate the geochemical effects. _ 

The potential effect of the digestion of previously erupted 
basalts, whose isotopic ratios have been altered by interaction 
with seawater, to influence the isotopic ratios in the later 
basalts to be erupted may be seen by rewriting (1) to obtain 
the fractional change in the isotopic ratio, A, where 


Ca” \f Ca" 
A=<{ + e |— I 
ENS 
and ,C,° = steady-state concentration of isotope 1 if q = 0, 
C'n as hege = steady-state concentration of isotope 1 if g Æ 0, 


and so on. Assuming no difference in D for the isotopes 1, 2, and 
setting the ratios of the two isotppes in the alteredebasalt 





then — 


p xX Co T X Ca _ 
A= (Foe oH dS +1 
A has been calculated for the values of q, Co/Cy and X/Y 
discussed above. If r = 1.0014 (the fractional change in®’Sr/**Sr 
for average ocean floor basalts deduced by Spooner?®), then 
A~5 to 13 x 10, which is of the order of size observed 


between fresh ocean floor basalt and ocean floor basalt and 
oceanic island theoleiites**. l ° 


N An 


r\ 4a 15-16°, extract 


; ca.9-10° , extract 
16: 





Lower pressure 7 \ 


peritectic boundary \ Peritectic \ boundary at 
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, Isotopic fractionation (with D values varying non-linearly 
with mass), larger effective residence times in the magma 
chamber for an incompatible parerlt element than for. its 
radiogenic products, and digestion of previously erupted, 
isotopically altered, basalts could all contribute to changing 
the isotopic ratios of the basalts erupted at a later stage in the 
development of oceanic islands. The last of these processes 
apparently has the greatest potential. It could be that a sub- 
stantial part of the differences in the isotopic ratios of Sr, Nd 
and Pb between basalts from hot spots relative to those from 
mid-ocean ridges may reflect the longevity and comparative 
geochemical fertility of seawater rather than of any underlying 
mantle source region. : ; 

Contamination by assimilation of crustal material could 
also occur during the creation of cumulate piles in central 
volcanoes of continental regions. : 5 

In discussing the possible effects of contamination on major 
or trace elements, or isotopes of elements, several relevant 
factors must be borne in mind. It is the local average continental 
crust, or isotopically altered oceanic crust (hot seawater itself) 
which is cgusing the contamination and which must, therefore, 
be characterised. The advancing magma chamber will thermally 
metamorphose the assimilated materials before they are 
digested; there may be further isotopic exchange with expelled 
waters at this stage. The aSsimilation of basalt by basalt 
magma would create no dramatic change of major element 
chemistry of the magmas or the cumulates, but the assimilation 
of crustal material might well do so. The effects of this chemical 
contamination cannot be simply envisaged, however, because 
the speeds with which the added elements are removed to the 
cumulus pile and their steady-state concentrations in the 
magma are functions of the distribution coefficient for each 
element. Where the contamination is severe, the bulk distri- 
bution coefficients could themselves: be modified due to the 
change in the nature or proportions of the minerals precipitating. 

Thus far the effects of this model of magmatic evolution on 
trace elements, for which D ~ constant have been treated. 
For the major components, D-is not constant, changing pro- 
gressively with crystallisation of a phase within any one equili- 
brium (for example, olivine + liquid) and changing abruptly 


Fig.4 Part of the system forsterite—silica—anorthite (simplified) 

to illustrate the evolution of the major components of the liquid 

during an open system fractionation process C, = C, = P, 

X = 0.25, Y = 0.10, Z = 1.0, Dro = variable, Den = variable, 

Dav = 0, Duiog = 0 during eo oh ER only (discussed in 
the text). 
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whenever there is a change of equilibrium (for example, to 
olivine + pyroxene + liquid). The possible effects here are 
dificult to convert to mathematical models, but can be handled 
by graphical means. Figure 4 shows where the steady-state 
liquid composition will lie for two particular choices of parent 
liquid composition, and how one of them evolves during 
successive mixing and fractionation cycles to reach gai com- 


position. 
With parental magma composition O, (Fig. 4), the sady: 


state liquid composition may lie anywhere along the line from . 


forsterite through O, depending upon the ratio of X, the 
amount of crystals extracted, to Y, the amount of magma 
erupted. 

With parental magma P the amount of fractionation sup- 
posed ıs sufficient for the residual liquids in successive cycles 
to evolve beyond the cotectic between pyroxene and forsterite. 
The evolution of the liquid towards the steady-state concentra- 
tion has been traced graphically for one choice of X, Y. The 
actual evolution of the liquid between the fourth mixed magma 
(Cm), the fifth resfdual magma Cp, and the fifth new mixed 
magma (Gy) is illustrated by dashed lines. The log (but not 
the path) of the evolution of liquids Cs, Cm to their steady-state 
compositions, T, are shown by dotted lines. The steady-state 
recycling by repeated fractionation and mixing is shown by a 
triangle of solid lines. The loci Cy, Cu approach each other as 
X becomes smaller. The steady-state Spoons move further 
from O, P as X increases relative to Y. 

The important general principles to be derived from Fig. 4 
are that the steady-state liquid composition could be arrested 
within the liquidus field of a single crystalline phase (for example, 
olivine or pyroxene), or on a cotectic where two or more phases 
are precipitating together. In certain circumstances, such as 
those depicted in Fig. 4, which are relevant to the crystallisation 
of olivine from natural basalts at low pressures, steady-state 
residual liquid compositions are constrained to lie close to 
those of liquids which are in reaction relationship with olivine. 
This result contradicts the general rule in closed system frac- 
tional crystallisation, that residual liquids will depart in 
composition relatively rapidly from a peritectic relationship 
(see Fig. 4). To add to the possibly misleading aspects of the 
effect Shown in Fig. 4, any drop in pressure which accompanies 
the eruption of a liquid from the magma chamber to the surface 
will expand the limits of the olivine liquidus field (Fig. 4), 
tending to place the locus of the peritectic liquids at low 
pressure even closer to’the liquid compositions generated at a 
slightly higher pressure. 

Summarising, in this open-system fractional crystallisation 
process, a near-surface magma chamber is fed regularly with 
batches of parental magma which. mingle with the liquid already 
there. The mixed magmas undergo continuous fractional 
crystallization. The steady-state lavas which may be extracted 
from time to time will then show the following characteristics: 
(1) Uniformity of composition, provided the thermal insulation 
of the magma chamber, the rate of supply, the amount and 
nature of assimilation and the composition of the parental 
magma are maintained constant. (2) Large differences of com- 
position between the lava and the parental magma with respect 
to major and trace element concentrations and ratios. (3) Strong 
control of liquid composition by the low pressure phase 
equilibria, The steady-state liquid composition may be arrested 
within the liquidus field of one crystalline species only 
(specifically, that which would be the liquidus phase in the 
parental magma). It is, however, more likely to be located on a 
cotectic where two or more crystalline species precipitate 
together, or very close to a peritectic where one (or more) 
crystalline speoies is in reaction relationship with the liquid 
while others precipitate. 

Steady-state lavas developed from the same parental magma 
but in magma chambers with different characteristics of heat 
loss and supply rate may show the further characteristics: 

(4) Large variations in the concentrations of incompatible 
elements (for example, the large-ion, lithophile elements) with 


+ 
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litttle change in the concentrations of the’ more compatible 
major elements, and little variation in the iron: magnesium 
ratio. 

(5) Significant variations in the ratio of two incompatible 
elements. ° 

If the magma chamber advances ahead of the growing column 
of cumulates within the growing volcano in part by digestion of 
previously erupted basalts, then: 

(6) Enrichment factors mentioned in (4) may be greatly 
enhanced in the later products of the volcano. 

(7) Isotopic characteristics of the previously erupted basalts, 
which may have been altered by contact with sea water, will 
influence the isotopic characteristics of the later products of 
the volcano. Higher ratios of the radiogenic to non-radiogenic 
isotopes of Sr, Pb, Nd in the lavas erupted from large central 
oceanic island volcanoes than in ocean floor basalts may partly 
reflect the chemical characteristics of sea water. This process 
can explain the difference in strontium isotope ratios observed? 
between oceanic island and oceanic floor basalts quantitatively 
as shown above. Data are lacking at present for isotopic ratios 
of Pb, Nd in the average altered oceanic basalt section, hence 
this part of, the prediction cannot yet be tested. 

Provided X’ Y are smali, 

(8) Highly compatible elements (for example, Ni, Cr) may 
show relatively high concentrations despite the effects noted in 
(2), (4). 

(9) The mass of the magma chamber is large relative to the 
periodic batches of parental magma added to it, and the com- 
position of the steady-state magma will be insensitive to short- 
term random fluctuations th the mass or composition of the 
added batches. 

Lastly, 

(10) There is no requirement for the magma chamber to be 
large. The whole ocean floor gabbro sequence might be laid 
down from a magma sheet never more than a few tens of metres 
thick, as might many cumulus piles in central volcanoes. 

As a general comment one may note that few of these features 
are anticipated as a result of closed system fractional crystallisa- 
tion processes. 

The geochemical features noted under (1), the second 
sentence of (3), (4), (5), (6), (7) or (8) can therefore only be 
used ın support of claims that particular basalts are primary, 
have been defived by different degrees of partial melting of 
some source region, or have been derived from fundamentally 
different source regions, if the model of volcanic plumbing 
discussed in this paper can be specifically excluded. Because of 
the feature mentioned in (2), overlooking the effects of high-level 
fractionation which are possible results of this model will 
result ın misleading conclusions about the chemistry of the 
source regions and the processes Which have affected them. 
The hallmark which indicates that lavas may have evolved in 
this type of process is set out in (3}—often the lavas will be 
porphyritic, but in general will be close to saturation at low 
pressure with two or more phenocryst species. 
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Isotope measurements on two adjacent cores through the 
Devon Island ice cap provide a well-dated climatic record 
for the past 5000 yr. Fluctuations in annual values include 
much ‘noise’, and ice flow over a rough bed reduces dis- 
tortions in the lowest 5% of core which covers: roughly 
120,000 yr. Comparison ‘with the Camp: Century, Green- 
land, record helps to separate climatic changes from changes 
in ice thickness or flow pattern. l 


SINCE the !8O/#*O ratio in polar snow depends on its temperature 
of formation}, deep cores from polar ice sheets contain a re- 
cord of past temperatures. Records covering all or part of the 
Wisconsin Glaciation have been obtained from Greenland and 
Antarctica? ™, We report here on two cores from the Devon 
Island ice cap, arctic Canada. These cover the same period 
as the Camp Century, Greenland, core, namely about 125,000 
yr, but because the ice more than 10,000 yr old is compressed 
into a few metres near the glacier bed, the record is less de- 
tailed. 

The **O/'*O ratio és expressed as the fractional difference 
between the ratio ın the sample to the ratio in ‘standard mean 
ocean water’. It is denoted by 6 and measured in %. In polar 
snow 6 is negative; the more negative, the lower the tem- 


Fig. 1 Map showing location of boreholes on the Devon Island 
ice cap and its position relative to Camp Century, Greenland. 


Ci > Ice-free land 


Contours (m) 





perature. Correlations between 5 °and temperature must be 
made with caution, however, because 6 will also change if 
the source area of precipitation changes, If the ice thickness 
changes with time or if the ice at depth originatés upslope 
from the drill site’. Drilling near an ice divide, as in the pre- 
sent study, eliminates the last problem. 


The. ice.cap and boreholes 


Figure 1 shows the ice cap and borehole site some 600 km from 
Camp Century on the opposite side of Baffin Bay. The bore- 
holes, Holes 72 and 73, are 27 m apart on the same flow line 
about 900 m north of the ice divide. Hole 73 is upslope from 
Hole 72. The holes reached bedrock at depths of 298.9 m 
(Hole 72) and 299.4 m (Hole 73). The ice—bedrock contact was 
sharp; the Jowest metre of each core contained a few small 
dirt particles, probably of wind-blown ongin, but there was 
no basal moraine in the ice. The temperature at the interface 
was -18.4 °C. Annual precipitation is 0.22 m water equivalent 
and the mean annual air temperature is about ~23 °C. In most 
summers, a little surface snow melts and refreezes in the snow- 
pack. This, combined with the relatively low precipitation 
rate, means that seasonal variations in 6 are eliminated in a few 
years. 


Dating the ice 


For a palaeoclimatic record to be of any value, the age of 
the ice at each depth must be known. Age t at depth » is cal- 


culated by the formula 
t = f- dy g 
0 


where vy) is the component of ice velocity perpendicular to 
the surface. In previous studies, various functional relation- 
ships between y and y have been assumed®’. In the present case, 
y was measured at various depths in the borehole! and the in- 
tegral evaluated numerically. Although a measured relation 
should be better than a theoretical one, the measured values 
must be assumed typical of past values. This implies that the ice 
cap has been in a steady state (no change in precipitation rate, 
ice thickness or temperature) for the time period covered by 
the core. This may be a reasonable approximation for a period 
of a few thousand years but not for one extending into the last 
glaciation. At any depth in a steady-state ice cap, the value 
of y, expressed as the distance an ice particle moves downward 
in 1 yr; should be equal to the thickness of an annual ice layer, 
a quantity that can be determined from seasonal variations 
in concentration of microparticles in the core& Thirteen such 
measurements (10-yr means) in the youngest 2,100 yr of core 
checked satisfactorily. 

The time scale was further checked by absolute dating of 
the ice at four points by the **Si method?® and at another four 
points by 1C obtained by down-borehole extraction of te 
from air bubbles in the ice, 


ot 
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Figure 2 shows the.time scale and absolute dates. The curve 
is within 1 s.e. of each of the **Si dates. The discrepancies 
that exist may-be real tather than statistical because similar 
differences at about the same ages have been observed in two 
Greenland cores. This suggests that the production rate of 
#3Si in the atmosphere may vary with time. The curve is also 
within 1 s.e. of two of the four #*C dates and within 2 s.e. of 
another. The discrepancy of the youngest date is very large, 
however. We conclude that this 14C date is wrong, probably 
because the sample was contaminated by fossil CO,. A #2C/18C 
analysis supports this idea. The standard error of the calculated 
ages, based on the standard error of measurement of y, is 
about 6% for the first 1,800 yr and increases to about 20% 
at 5,000 yr. The precision of the ages is probably better than 
this because the curve agrees with most of the absolute dates. 
We therefore believe that the record for the past 5,000 yr is well 
dated. 


Comparison of adjacent ‘cores 


Having two borelfoles 27 m apart enabled the variation in 
5 over short distances tO be measured. To check the repeat- 
ability of the mass spectrometer measurements, 400 samples 
from one core were measured twice. The correlation coefficient 
between measurements was 0.991; thus instrumental inac- 
curacies are negligible. Next, 450 samples, each of the calculated 
annual layer thickness, were cut from each core. The 8 values 


were compared in equivalent segments corresponding to 50 cal- ` 


culated annual layers. The correlation varied between 0.45 
and 0.72. These relatively low values show that much of the 
variation in annual values of 6 is ‘noise’. Part of it probably re- 
sults from variations in snow accumulation over short distances 
so that samples cut to the mean annual layer thickness will 
contain varying amounts of summer and winter snow; the fe- 
mainder probably results from variations in the amount of 
meltwater percolation. 


Age (yr Bp) 
4000 





Fig. 2 Time scale for the core, based on measured vertical 

velocity, and absolute dates. The vertical lines beside the 37Si 

dates indicate the depth interval over which each sample was 

taken. Each *C sample covers a depth of 1.5m X, 3*S1 date; ©, 
“C date. Bars are 1 s.e on each side of mean. 


The isotope profiles from the two boreholes closely resemble 
each other except near the base of the ice. The correlation 
between 50-yr mean 6 values is 0.965 between the surface and 
13 m above the bed, but only 0.449 between 13 and 5 m. The 
correlation decreases because bumps and hollows in the bedrock 
disturb the regular flow pattern in the ice immediately above. 
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Figure 3 shows the lowest 5 m of each record. Although the 
profiles show many of the same features, gaps in each are 
apparent. No gap is more than 50 mm Jong and construction 
of a composite record, described later, suggests that 25-30 % ' of 
each record is missing. This assumes that no part of the record 
is missing from both cores, which may not be true. The extremely 
steep 5 gradients at certain points mayebe additional evidence 
for gaps. For example, the feature at 2.6 m in both cores 
corresponds to a change of 9%, in about 30 mm of core and the 
feature at 2.3 m in core 72 to a change of 5%, in 10 mm. Because 
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Ki .3 Values of 5, for samples 10 mm long (a, core 73; b, core 

, against distance above bedrock for lowest few m ‘of each 

ee Sections and features marked with the same number or letter 

are considered to be equivalent. The ‘cold bop at 2 m in Core 

72 is doubtful; it may result from a samplıng error. Gaps up to 
50 mm long are aii in er cores. 


molecular diffusion reduces 6 gradients, these values must have 
been greater in the past. We consider it most unlikely that such 
gradients represent climatic effects; a recent tectonic origin 


. seems more probable. We emphasise that such gaps do not 


represent missing core sections; a complete core was recovered 
from each borehole. Nor can the gaps result from ablation; 
there is no abfation at the drill site at present and most gaps 
occur in the Wisconsin part of the record when temperatures 
were much lower than present. 

Variations in vertical strain rate, and thus in annual layer 
thickness, over short horizontal distances, can probgbly explain 
most of the disturbances in the lowest part of the record. The 
strain rate is expected to vary as the ice moves over an uneven 
bed; thinning and ‘pinching out’ of horizontal Jayers of bubbles 
observed in vertical sections of core, provide evidence of such 
variations. The apparent -gaps in the record may be highly 
compressed regions where the isotope variations have been 
smoothed out by diffusion. Faulttmg or movement along 
narrow zones of intense shear? provide anther possible ex- 
planation of the gaps. eAlthough these processes might occur 
near bedrock bumps and hollows, the cores show no definite 
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crystallographic evidence for them. Large changes in grain size 
occur over short vertical distances but there are no thin bands 
of very fine-grained ice characteristic of shear planes. Folds 
might also be expected to form. These would produce inverted 
sections of record; segments 26 and 20 in core 73 (Fig. 3) may 
perhaps show this. Again, however, there is no crystallographic 
evidence of folding. - 


Climate and ice thickness changes 0--5,250 BP 


The point, 13 m above the bed, dated at 5,250 pp where the 
correlation between the two records starts to break down 
corresponds closely to the limit of. the accurate time scale. We 
therefore present the results in two parts: (a) the period 0-5,250 BP 
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Fig. 4 a, 10-yr mean 6s for past 800 yr. Values from both cores are 

combined. The standard error of each 8 is about 0.15%. b, 50-yr 

mean ds for past 10,000 yr. Values from both cores are combined. 

Beyond 5,250 sr the time scale is unreliable and there may be 
small gaps in the record. 


and (b) the section from 5,250 Bp to the bottom of the core 
(dated at roughly 125,000 pp by comparison with the Camp 
Century record) where we do not assign dates and discuss only 
major features. Except for the lowest 5 m, plotted & values are 
an average of the values for the two cores. The estimated 
Aree error of an annual value in the combined record is 
0.5 

Figure 4a shows 10-yr mean 6 values from AD 1300 to present. 
Prominent features are brief wartn periods with peaks at 1240 
and 1380, cold peaks at 1430, 1420 and 1560, the ‘Little Ice 
Age’ continuously cold from 1680 to 1730 and with another 
temperature minimum at 1760, a pronounced warming at about 
1910 with relatively warm temperatures until about 1960 and a 
marked cooling thereafter. The Camp Century record? also 
shows most of these features, although some dates are different; 
in particular, the coldest part of the Little Ice Age occurs at 
about 1660. Such differences are not surprising; the Little Ice 
Age does not even appear in the period 1500-1700 in the record 
from Crête in central Greenland’. 

Figure 4b shows 50-yr mean ô values for the past 10,000 yr. 
The warmest part of the Climatic Optimaim occurred on Devon 
Island at about 5,000-+800 Br. The date 5,000 Br is more likely 
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to be too old than too young because.a value greater than 
5060 BP would be outside the limit of 2 s.e. of the “C date 
(3860 +600 BP) at this point. ` 

The record shows a long-term decrease in 6 from 5,000 Bp to 
present; this does not appear in the Camp Century record*, 
Figure 5 shows this feature. In a, curve I is the last 5,000 yr of 
the Camp Century record, smoothed by a 5,000-yr low-pass 
filter applied to the last 10,000 yr of the record. The time scale 
is that calculated from the Dansgaard—Johnsen flow model®. 
Curve 3 is a similar curve for Devon Island. Part of the difference 
between the two arises because the deeper layers in the Camp 
Century core were formed at higher elevations inland from the 
station. Curve 2 is the trend correcftd for this effect, based on 
the present surface configuration and ice velocity at Camp , 
Century and the assumption that a 100-m increase in elevation 
changes & by —0.62%, (ref. 13). The Devon record needs no 
correction because the boreholes are near the ice divide, 
provided that the divide has note migrated during the past 
5,000 yr. Even after the flow correction is made, the change 
in ô at Camp Century is less than at Devon Island (0.6 compared 
with 2.2%). On the other hand, the shorter-period tends in 5 
at the two stations seem to be of about the same size (Figs 
5b and c). 

Although it is possible that the long term cooling has been 
much greater at Devon Island than at Camp Century, changes 
in ice thickness provide a more likely explanation of the 
difference. Keerner!* has shown that the percentage of ice 
layers in the Devon cores is highly correlated with the ice cap’s 
mass balance. He concluded that accumulation balanced 
ablation from about AD 1300 to 1860 and that the mass balance 
has been slightly negative since then. Thus during the Climatic 
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Fig. 5 a, Trend lines in 8 for past 5,000 yr (1) for Camp Century, 

(2) for Camp Century corrected for ice flow from up slope, 

(3) for Devon Island. b, residual from trend for Camp Century. 

c, residual from trend for Devon Island. The Camp Century 
tıme scale 1s that of ref. 6. 


yr BP 


Optimum, when ô was more than 2%, less negative than at 
present, the ice cap was probably smaller and thinner than it is 
now. The change in ô at Camp Century would correspond to a 
cooling of roughly 1°. The additional 1.6%, at Devon Island 
would correspond to a thickness change of about 250 m. This 
seems excessive in view of the broad agreement between the time 
scale calculated from the present vertical velocity and the "C 
dates. Thus the cooling trend over the past 5,000 yr has probably 
been more than 1°. If so, it has been partly obscured in the 
Camp Century record by thinning of the ice there since the 
Climatic Optimum!®. Other interpretations of the difference 
between the long term trends in 6 are of course possible. 
Moreover, we have ignored the possibility that 5 has been 
affected by changes in atmospheric circulation patterns. 
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The glaciation record 

In Fig. 6a, the pre-Hologene record is a speculative reconstruc- 
tion using the lowest few metres of both cores. The following 
rules were used in the construction: (1) Where segments of the 
two cores seem to be roughly equivalent the longer of tte two 
is used, (2) Any repeated sections are used only once. (3) Where 
there is a large gap in one core, the record from the other core 
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Fig. 6 a, Profile of ô for Devon Island. The Holocene section 

is that of Fig. 4b. The remaining section was obtained by com- 

bining the records from the lowest few metres of the two cores 

(See Fig. 3). While more nearly complete than either record, the 

combined one probably still has gaps. b, Profile of 8 for Camp 
Century, Greenland?, 


is used and placed in the position consistent with adjacent 
common equivalent segments. (4) It is assumed that no segment 
is missing from both cores. (As we estimate, however, that each 
core lacks 25-30% of the record, it is likely that 6-9°% of the 
combined record is missing.) The record broadly resembles 
that of Camp Century (Fig. 65): a cold period between about 
10,000 and 65,000 Bp (Camp Century dates) preceded by a warm 
period of roughly the same duration. 

A major difference between the stations is in the change in 
ô at the end of the Wisconsin Glaciation about 10,000 sp. The 
change at Camp Century is 11%, at Devon Island 8%, and 5 
or 6% in Antarctica‘t-*, While the temperature change at the end 
of the Wisconsin may have been greater at Camp Century than 
elsewhere, a more likely explanation is that the Wisconsin ice 
in the Camp Century core originated at a much higher elevation 
than that of the present station. Measurements of total gas con- 
tent of the ice, a quantity negatively correlated with the elevation 
at which the ice formed, seem to support this view and suggest 
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that the Wisconsin ice originated at about 1,300 m higher than 
the Holocene ice!*. Such a difference is more than enough to 
account for the exceptidnally large change in 5. The most 
likely explanation is that the Wisconsin ice originated near the 
main divide of the Greenland ioe sheet, whereas the Holocene 
ice originates within 50 km of the station?’. The reason for such 
a drastic change in flow pattern is unclear; it may be related to 
the rise in sea level at the end of the Glaciation. 

The difference of 8%, between Wisconsin and Holocene ice 
at Devon Island should not be interpreted as purely a climatic 
effect because the ice probably thinned at the end of the 
Glaciation. A rough estimate of the difference in thickness, 
based on standard ice cap profiles and the assumption that the ice 
margin at the late-Wisconsin maximum was in the position 
shown in the map of Prest!?, is 150 m. Because this increased 
load would depress the bedrock, the increase in surface elevation 
would be 100 m which would change ô by about 0.6%, (ref. 13). 
An additional change of 0.6%, would result from the 100 m 
lowering of sea level during the Glaciation. Thus the climatic 
effect is perhaps about 7%,. During the relatively warm period 
in the Glaciation 5 was more negative than at present? Thus this 
period was an interstadial rather than an interglacial. 


Oldest part of record 


Except for short intervals, values of ô in the lowest 3 m of the 
Devon record are 0.5—-3%, less negative than at the peak of the 
Climatic Optimum. This segment seems to correspond to the 
part of the Camp Century record estimated to extend from 
65,000 to 120,000 sr (Fig. 6). Values of 5 are less negative than 
in the Climatic Optimum th much of this part of the Camp 
Century record also. The obvious interpretation is that, during 
this period, temperatures were higher and the ice thinner than 
at present, except for relatively brief intervals in which tempera- 
tures fell to glacial values. An alternative explanation, however, 
of the relatively high values of 5 might be that, during this 
period, the major source area of precipitation on the ice caps 
was different from the present one. Two independent lines of 
evidence suggest that world sea level was below present from 
65,000 to 120,000 Bp (refs 19,20); thus glaciation in many parts 
of the world must have been more extensive than it is now. 
Moreover, studies of pollen™ and soil?! in northern Europe 
indicate that glacial conditions began there about 110,000 sp, 
although theré’is evidence that North Atlantic water remained 
relatively warm until about 70,000 BP (ref. 23). For these 
reasons we think that the high 5 values probably indicate a 
different source of precipitation rather than a less extensive ice 
cover. 
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Inverse Compton y rays from Cyg X-3? 


THE detection of ~100-MeV y rays from Cyg X-3 has been 
reported from recently published SAS-2 data (R. C. Lamb ef a/.1”). 
The y-ray luminosity is ~ 10" erg s~! assuming the source is 
~10 kpc distant. Cyg X-3 is well known as an X-ray and 
infrared source, and a source of non-thermal radio outbursts! 
(L, ~ 10°85, Lire ~ 10, Lyaaio ~ 1074-10 erg s). The 
infrared, X-ray and y-ray fluxes all display a 4.8-h modulation 
in phase with one another', which we shall presume to be 
attributafle to binary motion?*. We note here that inverse 
Compton scattering of ~100 MeV relativistic electrons, in a 
region between the X-ray sourte and its companion, by the 
plentiful X rays, provides a mechanism for the y-ray emission 
and its observed modulation. 

Modulated y rays are most efficiently produced by injecting 
the relativistic electrons in such a region for the following 
reasons, The y rays cannot be created too close to the X-ray 
source (R, ~ 10° cm), or they would be destroyed by pair 
creation in y-ray—X-ray collisions.eCreation outside the binary 
orbit would not allow sufficient modulation and would, if the 
emission is by inverse Compton scattering, be inefficient, as 
adiabatic losses would dominate, the cooling of the relativistic 
electrons. It seems likely that the source of X-ray modulation 
is primarily electron scattering; the scattering optical depth 
must be of order unity to account for the observed amplitude 
of X-ray modulation (ref. 2 and references therein). But if the 
y rays came from a region near the X-ray source (but R, Z 
100 cm), they could not be modulated by electron scattering 
because the Klein—Nishina cross sectiort is greatly suppressed 
at y-ray energies. 

We thus have a picture of a close binary system with a cloud 
of relativistic electrons close to and on the X-ray source side of 
the primary. Modulation of the y rays, generated by inverse 
Compton scattering, in phase with the X rays, arises naturally 
as y rays will be most strongly emitted in backscattering 
X rays (compare ref. 4). The y-ray power emitted towards the 
observer is approximately œ (1-——sini cos m)*, where / is the 
orbital inclination and @ is the observed phase (ọ=0 is X-ray 
minimum). Additional -ray modulation could come from 
partial eclipse of the emitting region as it is closer to the primary 
than the X-ray source, which is not eclipsed. The depth of y-ray 
modulation depends upon the position and extent of the 
electron cloud. 

What is the required source (> 10*" erg s71) of relativistic 
electrops? For a lower limit on the timescale for changes in the 
4.8-h period of ~ 10° yr (ref. 5), it seems improbable that this 
energy could come from the orbit or the spin of the primary. 
The X rays themselves could drive winds at y ~ Vescape 
~ 10° km s~ from the primary which could be shocked, but 
the efficiency of thus producing relativistic particles is then 
necessarily high (210%). The only remaining energy source 
seems to be the spin of a neutron star/X-ray source. An attrac- 
tive possibility is that the source of X rays and relativistic 
particles is a young pulsar as suggested by Lamb et al.. The 
X rays might then exhibit a $30-ms pulsar period. This would 
obviate the need for any mass transfer. 

The model may be developed a little further to account for 
the infrared observatiofs. If the relativistic electrons are 
injected in a regfon magnetised to say B ~ 500G, then a 
distribution da ,/dE œ E for E > 108 MeV can produce the 
observed infrared flux. The infrared photons would be free—free 


absorbed for à > 2 um accounting for the rising spectrum’. 
The observed modulation! can be attributed to electron scatter- 
ing similar to the X rays, but with smaller amplitude as the 
infrared source is closer to the primary. Unfortunately, Faraday 
rotation in the wind would probably completely depolarise this 
source of infrared. We may predict, however, that if the source 
of y-ray and infrared emission in this model is correct, then 
y-ray and infrared variability (gon-binary) should be correlated. 
Alternatively, if the infrared comes from a circum-binary shell 
as proposed by Milgrom’, such correlation ntay not be expected. 

We also note that inverse Compton scattering by,the stellar 
photons (which mostly come from incident X rays re-radiated 
in the ultraviolet band) and by the infrared photons in this 
model could account for the hard X-ray tail®, which would 
again be modulated by electrdn scattering. If this is correct, 
then the infrared and hard X-ray fluxes should show similar 
4.8-h modulafion and similar variability on other timescales. 

Cyg X-3 is a spectacular emitter of polarised radio 
waves’—!3_ Tf, as seems likely, the emission is synchrotron 
radiation, this provides independent evidence for the accelera- 
tion of relativistic electrons in this system. Radio emission is 
then detectable, however, at gigahertz frequencies only when 
the radio-emitting electron cloud has dimensions ~10' cm 
(ref. 11), Such a cloud cannot be closely related to the source of 
y rays and infrared we have proposed. The radio cloud could 
hardly produce 4.8-h modulated y rays, and the y-ray emitting 
cloud could not expand to 10* cm without suffering catastro- 
phic energy losses. It is interesting, however, that the densities 
and field strengths (1, ~ 10’ cm~*, B ~ 0.1 G) proposed in a 
shock-wave model" for the radio cloud are compatible with 
those inferred above within the orbit if the field is toroidal 
(Bor janda œ r~. 

Finally we note that Circinus X-1, which has an X-ray period 
of 16.6 d (ref. 13), is also an infrared!*!5 and non-thermal radio 
source’, Its light curve may be interpreted as an extreme 
example of the asymmetry present in Cyg X-3. A y-ray study of 
this source would clearly be of interest. 

Further y-ray observation of Cyg X-3, and observations ‘of 
Circinus X-1, to better define the 4.8-h light curve, is needed. 
Correlated y-ray, hard X-ray, infrared, and radio observations 
will be extremely useful in defining the site(s) and source(s) of 
relativistic electron injection in this system. 
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Amplification of 
cosmic Cerenkov radiation 


EJECTION of relativistic or ultra-relativistic electrons is used 
in most quasar models to explain the very high luminosities 
of these objects. The velocity distribution of matter is taken 
ast . 


F(r) = Fy ¥o3*? (1) 


where * F(r) = a | Ano0r e 


is the mass fraction external to she radius r; Fy ~ 10°; p is the 
density and the Lorentz factor is Yọ = (1—u3/c*)-“?; u and c 
are velocities of the particle and the light, respectively. The 
observed luminosities are then explained on the basis of inverse 
Compton scattering of synchrotron radiation to the optical 
frequencies. In the radio frequency range the observed emission 
spectrum shows polarisation and also follows the power law, 
Suggesting a synchrotron emission mechanism supporting 
these models, which essentially lead to the existence of finite 
magnetic fields in the quasars'*. In these conditions, 
some Cerenkov radiation is also producedt*. We suggest 
here that this radiation is amplified, and may account for the 
observed luminosity of quasars. : 

The energy density of magnetic field B#/8n is takén to be 
greater than the energy of the relativistic particles?~* and the 
non-relativistic electron density, na, is < 108 cm~%. The emission 
of synchotron radiation at 10°-Hz frequency, requires a magnetic 
field of the order of 10? G. These parameters also satisfy condi- 
tions for Cerenkov emissions and may explain observed optical 
luminosities due to inverse Compton scattering‘:®. Explanations 
based purely on the Ceçenkoy emissions, however, need linear 
dimensions of the order 10'*~10'*cm, which are more or 
less equal to quasar dimensions. Therefore, the assumptions 
regarding conditions for “Cerenkov emission’ in these regions 
are rather doubtful. Moreover, the relativistic particle distribu- 
tion of the type given by equation (1) can also amplify the 
Cerenkov radiation, which seems to be rmportant. 

We suggest here, therefore, that the wave emitted by the 
relativistic particle in the Cerenkov mode might undergo ampli- 
fication by Landau mechanism. It is important to point out that 
the Cerenkov emission and its amplification are two entirely 
different processes; the former is due to individual particles, 
whereas the latter is a collective phenomenon. Therefore, 
in the magnetoplasma the plasma of sharply defined energy 
will not amplify its own Cerenkov radiation. In the presence of a 
distribution of energetic particles, such processes may explain 
the very low frequency emission in the magnetosphere®~®. 
In the case of quasars the energetic particle distribution follows 
equation (1) and seems more suitable for amplification of the 
Cerenkov radiation, as discussed below. 

A relativistic electron moving with velocity v, in a medium 
with refractive index u > 1, emits energy s,,4 


a 
e= 1-5] erg s“* Hz (2) 


in the frequency band near w, where e is the electron charge. 
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These waves, for propagation at angle 8 to the magnetic field 
B, satisfy the dispersion relation® 
è 


c?k? Op. + 0) 
ee E ee 
ji w? 02,7? cos 6) 


for frequencies Op Q. > © > Q,. Following Bell and Buneman, 
the maximum growth rate for the instability is* 


0(Q.+ 0) osin 6 1/3 
Yma: = 0.87 {o( AAN. 0 cos6+ ) \ (4) 
@(Q),.+ 2) cos8 o=k.y 

where œ = k.v is the condition for resonance; Os, Op Qe Qi 
represent, respectively, the plasma frequencies of the relativistic 
and non-relativistic electrons, and gyrofrequencies of the 
electrons and ions; k is the propagation vector of the wave. . 
Equation (4) shows that there is growth of Cerenkov radiation 
for wave propagation at a finite angle to the magnetic field. 
There is no growth for the angle @ = 0 and 180° because for 
these angles there is no electric field in the direction of the wave 
propagation. In the case of the magnetosphere, there is not 
sufficient amplification of Cerenkov radiation for nearly 
parallel propagation because the region of amplification is 
very small. For quasars, however, the region of amplification 
can be as large as 101? cm and, therefore, waves propagating 
nearly parallel can be efficiently amplified. The maximum 
growth rate for the Cerenkov radiation at frequency © + ©, ts 








1/3 
@,* sin? 
= 0, n 5 
Yax = 0870.4 ana =) (5) 
If we represent the amplification factor by 
n asl EXP(27 maxR/ V5) 
AY hax oye 


where V, is the group velocity, which can be shown to be 


mets = (cos gua 


+ 

(from equation 3) and R is the region of amplification. For a 
typical optical luminosity of a quasar of 10% erg s ~i (3C 273), 
we obtain the relation R? = 10?’n. For an angle of propagation 
to the magnetic field < 5° and a typical value of ymax = 4, 
the amplification can be as high as 10° in the region R = 10” cm, 
which is much smaller than 10'4—-101* cm (refs 4, 5). It is there- 
fore possible that the optical luminpsity of quasars may be 
due to the amplification of Cerenkov radiation. 

The amplification mechanism discussed here is based on the 
particles having free streaming along magnetic field lines. 
Such particles can be scattered, however, due to hydromagnetic 
waves as has been discussed in the case of the galactic cosmic 
rays’*, As this scattering affects the amplification of the 
Cerenkov radiation, we must include an appropriate medifica- 
tion in our mechanism. Detailed calculations of the charac- 
teristics of Cerenkov emission and an estimate of its role in 
quasar luminosities are needed. It is especially important to 
use the Cerenkov amplificatién effect correctly to account for 
the high luminosities of quasars. 
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Measuring solar wind velocity 

with spacecraft phase scintillations 

THE discovery of interplanetary scintillations (IPS) of natural 
radio sources! has been followed by extensive multiple-station 
or spaced-receiver IPS measurements of the solar wind velocity 
in regions not yet probed by direct spacecraft*~*. Few measure- 
ments have, however, been obtained within 40 Ro because 
- amplitude or intensity scintillations saturate when they are 
strong as is the case near the Sun. This is unfortunate because 
the scarcity of wind velocity measurements in the acceleration 
region close to the Sun is one of the reasons why the construc- 
tion of a tinique picture of solar wind dynamics has not yet 
been possible, despite numerous theoretical studies and direct 
spacecraft observations farther Sut®?°. The defnonstration of 
the measurement of spacecraft phase scintillations with a 
coherent dual-frequency radio system} paves the way for 
making solar wind velocity measurements with multiple- 
station phase scintillations. Although similar in principle to the 
IPS technique, several factors make this new tool a more 
powerful and promising one. 

Because phase scintillations do not saturate when they are 
strong, observations can be carried out closer to the Sun than 
with amplitude scintillations. Spectral broadening has this 
same property!* and we have obtained measurements at 2.3 GHz 
as close as 1.7 Ro with the Helios spacecraft. Extensive phase 
scintillation observations in the accleration region of the solar 
wind are, therefore, possible using a dual-frequency S- and 
X-band coherent radio link”. 

For multiple-station observations the baselines are restricted 
to distances shorter than the correlation distance of the observed 
scintillations. For amplitude scintillattons, the correlation 
distance is of the order of the size of the first Fresnel zone‘, 
which is roughly 140 km at 2.3 GHz. On the other hand, since 
the correlation distance for phase scintillatiofts is at least 
10° km (refs 11, 13), a much wider range of baselines is possible. 
Particularly suited for these measurements are the three 64-m 
S- and X-band tracking antennae of NASA’s Deep Space Net 
located at Goldstone (California), Canberra and Madrid. These 
antennae can be used for two-station observations with base- 
lines of the order of 10* km. 

Because the slowly varging phase scintillations are consider- 
ably stronger than the faster varying amplitude scintillations!*, 
the signal—noise ratio (SNR) needed for long baseline phase 
measurements is much lower than that needed for short base- 
line amplitude measurements. The frequency spectrum of the 
phase scintillations4!? indiates that if the baseline distance is 
at A a factor of 10 the SNR can be reduced by at least 
20 dB. The choice of observing antennae for phage scintillations 
is, therefore, flexible, since a wide range of antenna sizes and 
receiver noise temperatures can be considered, in addition to 
the wide range of baseline distances. This is especially important 
since it would be desirable to add observing antennae to the 
group of NASA 64-m antennae to permit three-station measure- 
ments. Also, for a given SNR, slowly varying phase scintillations 
yield measurements at larger solar elongations than faster 
amplitude scintillations. 

We have discussed some of the important advantages of 
measuring solar wind velocity with multiple-station phase 
scintillations. Current and future NASA deep space missions 
equipped with the cohereht S/X radio system include Viking, 
Pioneer Venus and Mariner Jupiter/Saturn. Extensive obser- 
vations using this new technique during*the numerous superior 
conjunctions of these spacecraft will provide much needed 
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velocity measurements in the acceleration region of the solar 
wind. These proposed observations will complement the large 
number of measurements that have Been and are still being 
made with natural radio sources and will lead to a better 
undergtanding of the dynamics and driving mechanisms of the 
solar wind. 
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Tidal acceleration of 


the moon deduced from 
observations of artificial satellites 


Douctas.et alt demonstrated the existence of an apparent 
latitude dependence of tidal friction by determining disparate 
values of the second degree Love number (k) from perturba- 
tions of the inclinations of the GEOS-1 and GEOS-?2 satellites. 
Lambeck et al.? correctly explained this phenomenon as being 
due to neglect of ocean tide perturbations. Parameter values 
for some ocean tide components have been obtained from 
several satellites’, but parameter values for the M, tide, the 
dominant (85°) effect of the oceans on the tidal acceleration 
of the Moon, have not been published. Using an improved 
method for computing mean elements, wet obtained an observa- 
tion equation for the M, tide from the satellite 1967-92A. 
Applying this technique to the satellite GEOS-3, we now 
obtain an additional observation equation for the M, tide. 
As shown in ref. 2, solid and fluid tjde effects on satellites 
cannot be separated, requiring assumption of the solid tide 
amplitude and phase parameters for a fluid tide solution. 
Assuming k, = 0.30, 8, = 0°, and using the values of Lambegk® 
for the minor O, and N. contributions to n,, our fluid tide para- 
meters for the M, ocean tide yield the value of the tidal accelera- 
tion n, = —27.4-+43 arc s (100 yr)~*, in excellent agreement 
with the value n, = —27.2-+1.7 arc s (100 yr)~? obtained by 
Muller? from a combination of’ ancient and modern 
observations. These two values are lower than the value 
n, = —35-+44 arc s (100 yr)~? obtained from numerical ocean 
tide models’. Our assumption of a negligible solid tide phase 
angle is supported by a recent determination by J. T. Kuo 
(personal communication) that the phase angle obtained from a 
transcontinental network of tidal gravimetric stations is < 1°. 
Changes < 0.5° in solid tide phase angle change our result 
for the combined solid/fluid 7, by no more than 1 arc s per 
(100 yr) (ref. 2). 
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Cosmic spherules 
as rounded bodies in space 


Cosmic spherules obtained from deep-sea sediments have 
generally been accepted as extraterrestrial; but their mode of 
formation has been uncertain. On chemico-mineralogical 
evidence and the study of polished sections, it is difficult to 
refute the assumption that the spherules are merely the droplets 
shed from the fusion crust of a meteorite as it ablates in the 
atmosphere. We are now re-examining a new spherule collection 
(diameter >50 um) from surface red clay samples used pre- 
viously’; that is, Atlantic *A2 -(24°30’ N, 64°47’ W, 5949-m 
depth) and Pacific (22°07 S, 115°10° W, 3,060—3,200-m depth). 
Scanning electron Mmicrosçopy of 40 ‘stony’ spherules and 25 
‘irons’ has ded us to consider a new hypothesis—that the cosmic 
spherule ts a round body in space and those that we find suffer 
only slight alteration during their grazing flight through the atmo- 
sphere. Interesting surface features exist on many of the 
spherules, both stones and irons, which make it difficult to 
believe that they have been sprayed from a meteorite. If our 
hypothesis can be substantiated, then cosmic spherules become 
important objects in their own right, a cometary origin beingas 
distinct possibility. We now show some of these surface featur e 
and mention other supporting evidence. From the surface 
appearance we can classify the spherules into different types and 
forms, and all forms occur with similar relative frequency jn 
Atlantic and Pacific oceans. 

The ‘stony’ spherule type appears either as a vuggy form or an 
organised (near single crystal) form in about equal numbers. A 
vuggy form (Fig. 1), gives smooth lines of olivine and magnetite 
on X-ray powder photographs. The holes are suggestive of 
outgassing of some volatile substance during a warm stage. This 
example shows no sign of a fusion crust; under the optical 
microscope the surface is dark grey. We conclude (note the 
well-faceted crystals) that this spherule did not reach its melting 
point in atmospheric flight and was not attacked by seawater. 





Fig. 1 A vuggy spherule. X-ray diffraction (all lines fairly smooth) 
gave magnetite lattice a = 8.330 A, Fe/(Mg+ Fe) = 22% for the 
atomic ratio of the olivine. On other vuggy spherules the crystal 
faces show interesting growth or etch features. Scale bar, 10 um. 
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Fig. 2 An egg-shaped organised stone, uncommon because of the 
‘glassy’ lined cupule found on the sharper pole. The spherule was 
polished to a diametral plane, including the cupule. The olivine 
crystals lie normal to the polar axis and no voids can be seen. 
Spot analyses of sub-micron areas gave: a somewhat variable 
Mg/Fe ratio; an erratic Ni destribution, which when present was 
~0.1 Fe; and traces of Ca, Ti, Cr, Mn. X-ray diffraction (all lines 


very spotty) gave magnetite lattice @ — 8.356 A, and Fe/(Mg-+ Fe) 
20% for the olivine. From the spot analyses no large magnetite 
crystals were found in the interior. Part of the Ni seems to be in 
the olivine as well as in the magnetite. Ni in the stony phase of 
meteorites is < 300 p.p.m. (ref. 7). Scale bar, 20 um. 


From this and other examples, it seems that seawater has not 
affected our stones, collected from surface sediments. Stony 
spherules do erode, h6wever; they are not found in the deeper 
sections of red clay cores. 

Other vuggy spherules, sometimes found to be broken, show 
dark smoothis® fusion crusts in patches. The interior is whitish 
and usually there is a large spherical hollow. In the unbroken 
state these vugs were thick-walled bubbles, with irregular- 
shaped holes scattered throughout the wall. X-ray microprobe 
analysis suggests that the magnetite is concentrated in the 
fusion crust. Fragile ‘creamy-centred’ spherules have already 
been described’. 

Fusion crusts on stony meteorites? are about 100 jim thick, 
vesicular and very opaque. In fact there is little or no glass 
present (private communication). Apparently magnetite is 
exsolved from the melt and the melt recrystallises into an 
olivine with a composition poorer in Fe than the parent material. 
For example, a pure olivine sample ablated in a plasma jet 
showed a 50°, decrease of Fe’. In some respects both vugs and 
organised stones are similar to fusion crustal material. We find 
only olivine and magnetite (also sometimes wistite). There is 
a lack of glass and the vugs are vesicular. However, the dis- 
tribution of Fe/(Fe + Mg) for the olivine in our spherules agrees 
with that occurring in the interior of the chondrites*. If the 
spherules were ablation products, then the Fe content of the 
parent body would be greater than that commonly observed, a 
carbonaceous chondritic composition being more likely. But 
it is difficult, however, to see how vugs with whitish interiors 
could come from dark opaque material typical of a meteorite’s 
crust. They seem more like micrometeorites, superficially fused 
or merely discoloured by moderate heating. 

An organised form (Fig. 2) shows spdtty olivine and magnetite 
X-ray lines. The texture is typical, but thè presence of the 
‘glassy’ lined cupule is very rare. In fact vesicles seem generally 
absent in the organised forms. The particle shown is slightly 
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egg-shaped with the cupule near the sharp pole. We have found 
one stony spherule with a globule prgtruding about 4 of the way 
out of the surface. We mention this rare particle because it may 
provide the clue for explaining the cupule (Fig. 2). Perhaps dur- 
ing the molten stage, a magnetite globule was formed within the 
silicate melt and, assuming the melt was spinning, centrifugal 
forces would cause the globule to emerge at the sharper pole. 
Freezing may then flick the globule free. It could be argued that 
such a spinning process should occur at the moment of spraying 
from a meteorite’s surface; and so egg-shapes, dumb-bells and° 
even tear-drops would be a common occurrence. These forms 
are not found—all the spherules are near spheres. 

Like the vugs, organised stones can be smooth in places. A 
thin fusion crust barely disguises the laminar or rod-like interior. 
The lack of a crust on the particle in Fig. 2 implies that it 
suffered little or no damage in its flight through the atmosphere. 
Again, seawater is unlikely to have removed a fusion crust, as 
the cupule is perfectly preserved. An SEM photograph in 
ref. 3 shows a 20-um diameter spherule embedded in the fusion 
crust of Murchison. This is thought to have been sprayed off the 
surface of an ‘upwind’ piece of the shower and by chance to 
have been captured by the piece under investigation. This 
genuine ablation spherule shows a ‘glassy’ smooth surface. We 
have never found a stony cosmic spherule with such a smooth 
appearance, that is, having been thoroughly molten. The 
‘fusion’ crusts on stony spherules seem very superficial. In some 
spherules parts of the crust have cracked away under thermal 
shock; in others the smoothing is only on one hemisphere and 
for these there is sometimes a ‘brushed’ appearance, strongly 
suggesting aligned flight through*the atmosphere. Finally, the 
magnetite in the stones has a low lattice parameter, ranging 
around 8.352 A; in the irons it ranges about a mean of 8.391 A. 
Furthermore, we have never observed pyroxene in the spherules. 

The ‘iron’ spherule type appears in two forms; those with a 
Ni-rich metal globule (or its oxidised remains) visible at the 
surface of a Ni-free magnetite—wiistite shell, and those without 
the metal—the oxide being only magnetite or magnetite- 
wiistite. A remarkable example of a metal form is shown in 
Fig. 3. It is the appearance of this particle that prompts us to 





Fig. 3 A partly smooth ring structured iron—Lucky Strike’. A 
polished section through the ring showed that the globule came 
right to the surface and had a diameter ~¢ that of the whole. Note 
the shallow depréssion in the centre and the fractured edges of the 
ring. X-ray diffraction (all lines spotty) magnetite lattice a 


8.385 A. wiistite lattice a — 4.286 A, alloy lattice a = 3.573 A 


Suggesting 61 % Ni. Scale bar, 10 pm. 
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Fig.4 A ‘ballooned-iron’ found as a hemisphere. a, the cracked- 

off outer part of the ballooned oxide and the small central void. 

Scale bar, 10 um. b, An optical photograph‘of a polished seçtion 

through the ring structure. Scale bar, 10 um. A probe analysis 

for Ni gave ~ 1% in the magnetite shell, ~ 80% in metallic 
crescent and ~ 30°, in the balloofied oxide. There is 4°% Co in 
the metal, a trace in the shell but slightly more in the oxide scale. 

Spot analyses of sub-micrometre areas Over*the scale give Ni/Fe 

count ratios from 0.27 to 0.66, but many were constant at 0.55. 

This prObably means that the oxide is nickel rich and contains 

in places some finely divided metallic nickel. X-ray diffraction 

gave magnetite (spotty lines) a — 8.390 A, wiistite (spotty lines) 

a — 4.280A, alloy (smooth lines) a = 3.546 A suggesting 82°% Ni. 

8 

view all our spherules as micrometeorites. It seems to us that in 
space the pasticle was already spherical, and flight through the 
atmosphere must have been steady, with the heavy globule 
forward. The frontal hemisphere is polished, as if a film of low 
melting point wiistite spread from the slightly dished taenite 
globule. Other particles show a spectrum of damage, ranging 
from metallic globules that are perfect, then dished (as in Fig. 3) 
to markedly cupped. 

Other metal forms are more complex, and we call these 
‘ballooned-oxides’. Here a scale grows out from the globule as 
it oxidises. This expansion process can crack the spherule open, 
and a hemispherical portion is shown in Fig. 4a. In Fig. 46, we 
show a polished section. All that remains of the globule is a 
crescent. The ballooned oxide scale within the arms of the cres- 
cent is rich in Ni, and there is little Ni in the oxide shell. This 
particle is similar to one found by Finkelman (Fig. 1 if ref. 5). 
Foley® reviewed the growth of non-molten scales on Ni/Fe 
alloys over a wide compositional range. For Niz 20% entrap- 
ment of Ni always occurs and a nickel spinel (trevoritic mag- 
netite) forms. We now have to account for the lack of Ni in the 
oxide shell and the particle’s general appearance. Clearly, at one 
time, the particle has been theroughly molten and in this state 
Ni would diffuse to the metal phase. The particle then freezes. 
On entering the atmosphere at grazing incidence, the tempera- 
ture does not reach the melting point (note the well-faceted 
crystals in Fig. 4a) but a non-molten oxide scale balloons out, 
thus cracking the spherule. Magnetite scales grow on metal 
under water, but this cannot be the case here. We have examples 
of ballooned forms clearly associated with melting conditions. 

In the metal forms, the X-ray lines of the magnetite and 
wiistite phase are spotty, but the metal lines are sometimes 
smooth. In every case, the low lattice parameter (around 4.284 A) 
for wiistite suggests that it has grown from magnetite rather than 
from the metal. Furthermore, the coincident positioning of the 
spots on the X-ray film show that wiistite and magnetite crystals 
are in near-parallel orientation. 

The other iron form, lacking a noticeable metal phase, can 
give smooth X-ray lines. The surface can appear as a ‘brick- 
work’ of near-perfectly preserved crystals. In others, however, 
a thin film coats the crystals in places and the crystals can be 
large; the X-ray lines are spotty. Both the metal and non-metal 
forms can have very shiny surfaces, but it seems that this does 
not mean that the particle has been thoroughly molten. On 
soaking a shiny spherule in dilute nitric acid for a prolonged 
period, the ‘metal globule apparently dissolved, and the shell 
broke into fragments on manipulation. Large and small crystals 
were seen in the shell material, but the shiny surface, which 
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could not be resolved into crystals, is a distinct layer about 1 um 
thick: a film which had spread roof-like across irregularities i in 
the original surface. From the i irons, we gain the impression that 
partial recrystallisation into larger crystals takes place during 
atmospheric heating, and if melting occurs it is only superficial. 

We conclude that cosmic spherules seem to be most easily 
explained by assuming that they are already round in space, The 
spherules could come from the zodiacal cloud and those that we 
find have escaped vaporisation by entering the atmosphere at 
gtazing incidence. Molten conditions must have existed at the 
time of their formation. Comets undergo violent eruptions and 
electric discharges may occur in their atmospheres. It is also 
possible that the refractory material within the comet is in 
droplet form as collisional heating could have occurred at the 
ac ‘umulation stage. , 
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Corrosion—fatigue 

crack initiation in metals 

A DEFINITE relationship has been observed between the cyclic 
plastic strain-enhanced digsolution behaviour of metals in aque- 
ous electrolytes and their corrosion—fatigue behaviour in similar 
conditions of environment and potential. The existence of such a 
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Fig. 1 Typical*transients at the fatural potential for mild steel in 

3.5%, NaCl solutions of varying pH. a, Tensile: |. load — 400 N mm; 

2, strain +0.03. b, Compressive: 3, pH 1; 4, pH 8.2 > 5, pH 12: 4, strain 
— 0.03: 7, load — 400 N mm2, Seale bar, ls. 


relationship was first suggested in 1970’, and the present work 
forms part of a wide study to examine the various effects of 
dynamic fatigue strains on elegtrode reactions at corroding metal 
surfaces. 

The technique used involves strain cycling metal specimens 
under potentiostatic control in aqueous electrolytes and measur- 
ing the instantaneous electrode reaction kinetics using high-speed 
recording equipment. The apparatus and experimental procedure 
have been described in detail previously*. 

In the present tests a ‘square’ strain wave was used, giving strains 
of +0.03 about zero at a strain rate of 0.03 gs"! and ata frequency 
of 0.1 Hz. Various metals were tested in different electrolytes over 
a wide potential range, Tests were carried out in conditions 
where corrosion~fatigue failure of the metal was known to occur 
and in conditions where this type of failure was not observed, 
so that the dissoyition behaviour of the metal in ‘failing’ and ‘non- 
failing’ situations could be compared. 

Mild steel suffers from corrosion—fatigue in aqueous sodium 
chloride solutions of pH 1-11 but is immune to corrosion—fatigue 
at pH 12. Figure 1 shows U-V recordings of the dissolution 
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® 
Corrosion-fatigue test data 
Air fatigue Corrosion fatigue Test conditions material, 
limit ia} endurance (m } test solution and 
Material (MN m7} (MN im” *} potential 
O88 CE 250 53 (4) 0.2%, C steel in 3.3% NaCl 
steel {freely corroding solution pH 8.2 (at the 
in 3° Nal of nalural potential) 
neutral pH} 
Al-Zn-Mg 138 6915) Al- Zn- Mg in 3%, NaCl 
alloy {freely corroding = solution pH 4, 5 {at the 
in 3% NaCl of natural potential) 
neutral pH) 
GK C 275 27516) 0,29, C steel in 3.3%. NaC] 
stegi ifreely corroding solution pH 12 (at the 
in 38, NaCt pH 12) natural potential) 
p E IBS 194 (7) 0.2%, C steel in 
steel fin 10°, NH, NO, sol. 10%, NHNO; 
at 0.6 Vis.c.e.} (a1 0.6 V {3ce 
0.42" C 270 270 {8} 0.2%, C steel in 3.5% 
steel freely corroding NaC} solution +0.05 M Na,CrO, 
in 3% NaCl solution pH 8.2 (at the 
e +0, 05 MNa.CrQ,) natural potential) 
Titanium l 466 466 (9) Titanium in 3.5%; 
(freely corroding NaCl solution pH 8.2 
in 3% NaCl solution at the 
of neutral pH) natural potential) 
Monel 265 265 (4) Monel in 38% Natl 


(freely corroding solution pH 8.2 
in 3’ NaClsolution (atthe 
of neutral pH} natural potential) 


Table a ia orrosior t tanguste test rang EYEE strain dissolution data for various aeni 
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Cyclic strain dissolution data 
peax Values, (+ 3%, strain) Signof = Cor. fat. end. ima F a, 
First cycle iSth eyele dAl air iat, end imut & 
(mA) {mA} dN 

Tensile 9.9 1.85 

+ ve 0.22 
Compressive 0.8 LES 

e 
Tensile a OHA HERA 
(1%, strain} VE 8 
Compressive LSA 79 HA 
Tensile 1.25 0.4 
bs VE 1.0 

Compressive 1.0 (3.2 
Tensile Ei 0.4 A 

—¥e 05 
Compressive 0.5 0.25 
Tensile 0.7 0.4 

ss — ve Lü 

Compressive 0.6 0.3 
Tensile 2.0 0.2 

-ve LO 
Compressive 06 0.] a 
Tensile 0.5 0.2 © . 

on ve 1.0 
Compressive 0.2 e a 
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Fig. 2 The variation in the transient peak value with strain cycle 
number. a, Tensile: ©, pH 1; O, pH 8.2; O, pH 12. 
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transients produced by strain cycling mild steel in 3.5% NaCl 
solution of pH 1.0, 8.2 and 12.0 at the appropriate natural 
potentials. The transients relate to the fifteenth strain cycle. Figure 
2 shows how the transient current magnitude, AZ (defined as 
T naximum~iniviai)s varied with cycle number, N. AJ, for the first strain 
cycle, was similar in all cases, but at pH 1.0 and 8.2 it increased with 
subsequent strain reversals whereas at pH 12 AZ decreased 
progressively. Hence for the corrosion—fatigue failure situation 
JAVAN was observed to be positive whereas for corrosion—fatigue 
immunity dA//dN was negative. Other systems gave transients 
with similar characteristics, and the results are compared in Table 
i with the known corrosion—fatigue behaviour in similar con- 
ditions. 
InallcasesdAJ//d Nis positive whencorrosion reduces fatigue life, 
that is when the ratio 


corresion—fatigue endurance limit 


air fatigue endurance limit 


is significantly less than one. ` 

When the ratio equals one, dA//dN is always negative. No 
exceptions to this rule have been found in the systems so far 
investigated. 

The number of fatigue cycles to failure of stainless steel in 
sulphuric acid at different potentials was previously shown to be 
related to the magnitude of cyclic-strain-enhanced-dissolution 
effects*. It is now apparent that this principle can be successfully 
extended to explain the susceptibility and immunity of metals to 
failure by corrosion—-fatigue. 
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Auger electron 
spectroscopy of wear surfaces 


THE effectiveness of lubricants containing sulphur and/or chlorine 
compounds in preventing wear and seizure of steels is related to the 
chemical lability of the load-carrying element (sulphur, chlorine) 
contained in them!. This finding is consistent with the formation of 
surface layers of iron sulphide and chloride which prevent metal 
wear and seizure. Little could be deduced, however, about the 
nature of these protective layers. We investigate here the surface 
region of wear scars formed in the four-ball lubricant testing 
machine using Auger electron spectroscopy (AES) incorporating 
an argon ion sputtering technique. Here a beam of argon ions is 
used to etch away surface layers, and expose underlying layers for 
examination by AES. Using these techniques we can build up an 
approximate composition prpfilee for the surface region of the 
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Fig. 1 Wear scar profile using dibenzy! disulphide. @, Fe; x, sj», 
c: © O., The abscissa displays a depth scale in Angstroms constructed 
on the basis of an ion beam current density of 1077 (l uA cm™ °) 
producing a sputtering rate of | min” ', This convarsion is 
arbitrary, and takes no account of differential sputtering rates of 
various materials. Initial results of sputtering rates determined for 
pure metals has shown it to be of the right order, though somewhat 
too conservative, 
4 


sample. This was a more detailed investigation than that by 
Buckely?, who used AES principally to investigate changes ip the 
surfaces of loaded disks. 

AES was carried out using a Varian cylindrical mirror analyser 
incorporating a 10-kV electron gun equipped with a scanning 
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Fig. 2 Wear scar profile using di-zert-nonyl polysulphide. Symbols 
as in Fig. I. 
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control for examinatian of areas from a few tenths of a square 
millimeter down to a focused spot of 2 x 1075 mm?. We used a 5- 
kV beam of 10°¢ A over’ an area of 0.1 mm2. A large area was 
examined to minimise effects due to surface inhomogeneity, and 
the low electroncurrent density (10 Am 2) reduced beameffects. A 
Varian 3-kV argon ion gun in a pressure of 8x 1073 N m`? 
(6 x 10°* torr) ofargon was used for argon ion sputtering. The ion 
beam was scanned across the surface to ensure an even ion eurrent 
density which was measured using a Faraday cup. Sputtering was 
carried out to at least 2,000-A depth but the most important 
changes occurred in the first few hundred Angstroms, and this 
range is shown in the profiles (Figs 1-5), 
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Fig. 3 Wearscar profile using Cereclor 51L. Symbolsasin Fig. 1. + Cl. 


We examined two sulphur-containing compounds, dibenzyl 
disulphide and di-tert-nonyl polysulphide, and two chlorine- 
containing compounds, Cereclor 5IL (a commercial chlorinated 
hydrocarbon) and benzyl chloride, as lubricant additives. Blends 
were made up containing 15 mg-atoms of either sulphur or 
chlorine in 100 g of light liquid paraffin, and tested at g load of 
160 kg for ] min. The wear scars produced were washed,twice in 
Analar toluene before examination in the Auger electron 
spectrometer. 

The profiles obtained using the sulphur-containing oils (Figs | 
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Fig. 4 Wear scar profile using benzyl chloride. Symbols as in Figs | 
and 3. 


and 2) show that both oils afforded wear scars showing a high level 
of sulphur, presumably as iron sulphide, in the surface region. The 
sulphur level fell away very gradually with increasing depth, 
indicating considerable reaction with the metal over the first few 
hundred Angstroms. High levels of carbon and oxygen were 
present at the surface, but were greatly reduced on etching, and can 
probably be ascribed to atmospheric contamination. 

When the scars from the balls lubricated with chlorine- 
containing additives were examined (Figs 3 and 4), both additives 
showed a high chlorine level at the surface, but the level fell away 
sharply on etching, suggesting that only a very thin layer of iron 
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Fig. 5 Sulphur Auger profiles using di-rert-nonyl polysylphide at 
various loads, a, 50 kg; b, 100 kg: c, 160 kg. 


® 
chloride was formed. Also, a high, persistent level of carbon was 
found, and this was generally greater than the carbon level found 
with sulphur-containing oils and remaining after etching. 

Certain correlations are apparent between the wear scar profiles 
obtained in this work and the lubricating properties of the 
additives. In high load conditions, the sulphur-containing oils 
perform better than the chlorine-containing oils as shown by the 
wear scar diameters: dibenzyl disulphide, 1.54 mm; di-tert-nonyl 
polysulphide, 1.48 mm; Cereclor 51L, 2.39 mm; benzyl chloride, 
2.18 mm. This effect could be linked to the production of thicker 
layers of iron sulphide compared with iron chloride. Furthermore, « 
comparison of the two sulphur-containing oils revealed that di- 
fert-nonyl polysulphide gives a higher maximum concentration 
and deeper penetration of sulphur, and is a better extreme pressure 
additive than dibenzyl disulphide. The improved performance of 
benzyl chloride compared to Cereclor 5IL is consistent with the 
higher chlorine level at the surface produced by the more reactive 
compound. ý 

As the pressure on the bearing surfaces is one of the most critical | 
of the parameters affecting wear, we have also examined the effect . 
of load on film*formation. The sulphur profiles (normalised to the 
same final iron level) obtained from wear scars formed at different —~ 
loads using a blend of di-tert-nonyl polysulphide in liquid paraffin =~ 
(Fig. 5) show that, over the range examined, both the maximum | 
sulphur concentration and the degree of sulphur penetration: 
increases with load. The increase in the sulphur level near the : 
surface with increasing load is obviously related to the particularly 
good lubricationg properties of siflphur-containing oils in Be 
extreme conditions. a 

Examination of scars produced using mixtures of Cereclor SIL- ag 
and the two sulphur compounds in liquid paraffin produced ~ 
profiles showing the essential features of those obtained from the 
individual additives. A fuller account of this work will be published > 





shortly. ° 
hd i 
J.J. MCCARROLL 
R. W. MOULD 
. H. B. SILVER 

M. L. SIMS 

The British Petroleum Company Limited, 

e BP Research Centre, 

Chertsey Road, 

Sunbury-on-Thames, 

Midillesex, UK 

Received 10 December 1976: accepted 16 Februaty 1977. = 


i Mould, R W.. Silver, H.B. & Syre&, R. 3. Wear 19,67-80(1972); ibid. 22, 269-286 (1972): ibid. 26, 
27-37 (1973). 
> Buckley. D. H. ASLE Trans. 17, 206-212 (1974): ibid. 17, 36-43 (1974). 


520 





Structural imperfection and 
morphology of crocidglite (blue asbestos) 


ELECTRON microscopic studies of fibrous materials, including 
a range of chain silicates'*, synthetic polymers’ and carbon 
fibres*, have almost exclusively involved examination of the 
structural characteristics visible when the fibre axis is per- 
pendicular to the electron beam. It is extremely difficult to 
prepare ultra-thin sections of fibrous samples such that this 
axis is parallel to the beam; and yet it is in this projection 
that the greatest insights into structural and morphological 
irregularities are likely to be achieved, a fact well illustrated 
by the high-resolution studies of Yada? on chrysotile asbestos 
which, being less brittle than crocidolite and other amphiboles, 
was amenable to the normal techniques of ultra-microtomy. 
We present here preliminary results of a successful axial study 
of crocidolite (blue asbestos), the fibrous form of the amphibole 
mineral riebeckite (idealised formula Na,Fe,(Si,0,,).(OH)s, 
space group C2/m, a= 0.973, b= 1.806, c = 0.533 nm, 
B = 103.3"). The electron micrographs reveal sqveral novel 
features. á 

Crocidolite from Wittenoon, W. Australia, was embedded 
by vacuum impregnation with Araldite (CY212) resin and thin 
sections (~ 2 mm) were cut across the fibre axis using a diamond 
saw. These sections were mechanically polished to a thickness 
of ~ 50 um and finally thinned by argon-ion bombardment 
at a glancing angle of 12°. They were examined in Philips EM300 
and Siemens Elmiskiop 102 elettron microscopes using a 
double tilt stage that enabled the fibre axis to be set exactly 
parallel to the electron beam. With this orientation both x* 
and y* are normal to the electron beam so that the (Ak0) 
reflections generate lattice fringes which serve as means of 
identifying the precise disposition of each constituent fibril 
with respect to its neighbour and, in addition, of characterising 
planar and other structural faults. 

Figure la shows a typical section, and in its schematised 
analogue (Fig. 1b) the,profiles of the fibrils have been delineated 
and their relative degrees of rotation arouhd the z axis indicated. 
The electron transparent regions separating the fibrils demarcate 
the Araldite cement, which before hardening had penetrated 
the fibre and separated the fibrils slightly. The ovefall irregularity 
of the fibril profiles, notwithstanding some possible artefacts 
due to the ion-beam thinning, is surprising, as only occasionally 
do the fibrillar faces exhibit crystallographic indices which 


Fig. 1 
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Fig. 2 Lattice image, along ffbril axis, of crocidolite showing 
planar faults at AA’, BB’ (which coincide with (020) planes) and 
BC, which is the trace of of (110). AA’ anù BB’ are Wadsley 
defects consisting of triple-chains (see text). Scale har, $ nm. 


coincide with the low-index cleavage faces (010) and (110), 
seen in optical studies’. 

The electron-transparent régions located within the fibrils 
(A, B... in Fig. la) arise from isolated but aligned grown-in 
defects, whick could well have been preferentially etched during 
ion bombardment. The possibility that they are micropores, 
incorporated during growth, cannot be discounted: the dimen- 
sions of the pores range from 2 nm (that is, corresponding 
to a unit-cell wide ‘pipe’) to over 10 nm in diameter. The 
alignments of these features could be the result of small-angle 
boundaries, for example, the (010) family may be interpreted 
either in terms of a tilt boundary composed of dislocations of 
the type (100)[010] or in terms of dislocations lying on (010) 
slip planes with Burgers vector in the direction [100]. 

So far as the planar faults are concerned (Fig. 2), those 
denoted AA’ and BB’ lie parallel to (020) and, by analogy 
with previous studies*”, it is almost certain that these correspond 
to triple-chain lamellae that have been incorporated into the 
parent double-chain matrix. They are examples of Wadsley 
defects**> and their presence in crocidolite is demonstrated 
here for the first time. At such faults there is departure from the 
normal chemical composition of the mineral. At the triple- 
chain regions a reduction in numbér of O atoms bonded 
to Si is compensated by an equal increase in the number of OH 


a, High resolution lattice image of ion-thinned crocidolite with the electron beam parallel to the fibrillar (z) axis. 6, Schematised 


form of a. The reciprocal lattice directions are indicated, and the random orientation of the fibrils about their axes is apparent, ===, 
Fibril boundaries corresponding to low-index planes. The fibrillar outlines ( 





-) show a general irregularity. 
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groups. Planar faults en (110) are also present (BC, Fig. 2), 
the displacement vector of this extended defect, as measured 
on the micrograph, being b/4 [010]. H is noticeable that planar 
faults CB and BB’ intersect, and the nature of the structural 
rearrangement that occurs in the vicinity of region B js not 

yet clear. 
_ The. precise significance and full characterisation of planar 
ar _crocidolite sea well as in other related. Berie minerals 
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Pyrolysis of a polyborodiphenylsiloxane 


WE have previously reported successful production of a high- 
strength continuous SiC fibre'~*, a high flexural strength SiC 
sintered body? and a heat-resistdnt Fe-Cr alloy? by converting 
organometallic polymer polycarbosilane (PC) as the binder to 
an inorganic in thermal decomposition. We then found that 
in the thermal decomposition of organometallic polymers such 
as PC, an amorphous state exists before formation of the 
(SiC) fine particles; this SiC amorphous state is hardly possible 
in inorganic reactions. The process of thermal decomposition 
of organometallic polymers is little known: To obtain general 
information on the phenomenon, we have newly synthesised 
multi-element polyborodiphenylsiloxane containing oxygen 


(B, C, Si, O, H) compared with PC composed of Si, C and H, 


and observed the process of its thermal decomposition. 
Polyborodiphenylsiloxane, (PB)p was synthesised as follows. 
Boric acid (0.33 mol, 20.6 g) and diphenyldichlorosilane (0.5 
mol, 126.6 g) were dissolved in 200 ml of anhydrous N-butyl 
ether. The solution was then refluxed in N, gas atmosphere for 
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Fig. 1 Thermal analysis curves of (PB)p and (PB)m. a and b, 
TG curves,of {PB)p and (PB)m respectively, up to.500 °C from 
room temperature in air. TG cårve of (PB)p up to 1200 °C from 
room temperature in a stream of N, gas. 


18 h, and heated for 1 h under reduced pressure at 300 °C, : ie 
successively. 102 g of (PB)p was obtained as 92° yield. The | 
(PB)p synthesis display is represented by the following reaction 


3[ (Ph) SiC] + 2H,BO 3. [(CgH;).Si;B,0,6] + 6HCI + 


The intermediate product, [(C.H;),51;B,0.,], is pyrolysed at 
300 °C. Microchemical analysis values of the product (PB)p 


are shown in Table 1, with the expected theoretical ones as- a 


[(CgH;)sSi;B.0¢]. The observed analytical values of the (PB)p, 
C and O contents are reduced in comparison to the theoretical. 
ones and the difference can be attributed to the pyrolysing 
process at 300 °C of the [(C,H;),5i,;B,0.]. The softening point is 
100 °C. Its infrared spectrum shows peaks at 3600 cm~ (free 
OH), 3500-3100 cm~ (hydrogen-bonded OH), 1600 cm~ 
(C,H,), 1500-1300 cm™! (B-O) and 1150-1000 cm~ (Si-O), 

respectively. The product was found to be (PB)p. It is considered 
to contain partial structures as follows 


Ph 07 
(-Si-O-B* <0? 
Ph = 


Of the various organometallic polymers, boron polymers are 
generally heat resistant but not very moisture proof®. Valec 
reported the producton of polyborodimethylsiloxane (PB)m.. 
from boric acid and dimethyldichlorosilane’. He improved its) 
moisture-proof property by special means of electron irradia- © - 
tion. The (PB)p synthesised was found to be far more moisture > 


proof than (PB)m. When both (PB)p and (PB)m were left in air” 


at room temperature for 1 week, the transparence of the (PB)p — a 


was not changgd, but the (PB)m was appreciably devitrified. 


Simply by: using diphenyldichlorosilane instead of dimethyl- — 5 
dichlorosilane, we obtained here a superior moisture-proof 


characteristic of (PB)p facilitating practical handling. The 


thermal decomposition process of (PB)p and (PB)m was com- : 


pared by means of a thermobalance. Figure 1 shows thermal 





Table 1 Composition (wt) of polyborodiphenylsiloxahe, (PB)p heated 1,000 °C and (PB)p heated 1,500 °C 


Sample B 
(PB)p: experimental 3.68 
theoretical* 3.26 
- Heated (1,000 °C) (PB)p 5.46 


Heated (1,500 “C) (PB)p 5.08 44.8 


16.23 | 
12.68 
37,52 


C O H N 
59.1 7.8 4.9 < 0.2 
65.06 14.45 . 4.55 
(~ 44) 2 u 0.5 , < 0.2 
35.6 12.2 0.7 1.5 





~*The theoretical value is calculated as [(C,H;),Si3B20.]. 
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analysis curves of (PB)p and (PB)m from room temperature to 
500 °C in air. TG analysis of (PB)p was examined up to 1,200 °C, 
ina stream of N, gas, and the TG curve was almost same as that 
of air up to 500 °C, The thermal decomposition initiation tem- 
perature of (PB)p ts about P50 °C higher than that of (PB)m, 
indicating its superior heat resistance, and the weight loss is also 
smaller. (PB)p was thas greatly improved in both heat resistance 
and in its moisture-proof characteristic. 

In pyrolysed (PB)p, the organic group is decomposed. At 


1,000 °C, an amorphous phase consisting of many elements is” 


obtained (Fig. 26). Analytical values of the pyrolysed product 


Fig. 2 X-ray diffraction patterns (CuKa) of (PB)p and the 
pyrolysed (PB)p products at respective temperatures. a, Poly- 
borodiphenyisiloxane; 6, 1,000 °C heat-treated (PB)p in a stream 
of N, gas; c, 1,000 °C product heated at 1,700 °C in Ar gas for 
i b; a, 1,700 °C product heated at 1,400 °C tn air for 2h; e, 
1,000 °C product heated at 1,400 °C in air for 2 h. ‘IH, 
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at 1,000 °C, and 1,500 °C in N, gas atmosphere are shown in 
Table 1; and the residual as decompogition.product at 1,000 °C 
is about 46°. The amounts of SiC of 1,500 °C sample should be 
at least 37 at%, based on the following assumption: all of 
oxygen atoms react with silicon atom and the remaining silicon 
atoms react with carbon and convert to silicon carbide. By 
further pyrolysis of the product up to 1,700 °C in Ar gas flow, 

phasés of abundant B-SiC, glassy carbon and slight B,C 
appear (Fig. 2c). In Fig.2c, diffraction peaks (arrow) were few 
and weak, but they coincided with ASTM card, 6-0555 (B,C) 
and the infrared spectrum of 1,700°C (PB)p was coincided 
with that of a B,C compound. The crystalline product due to 
the peaks is considered to be a B,C compound. 

Though constituents of (PB)p are many (including Si, B, C 
and O), on pyrolysis in a reducing atmosphere, its products con- 
tain mostly a B-SiC product. This phenomenon is impertant. 

The 1,700°C product was then burnt at 1,400 °C in air. 
In the X-ray diffraction, ine addition to the B-SiC pattern, 
broader pattern than that at 1,700 °C appears between 20 = 16° 
and 30° (Fig. 2d). The compound, B,C “fs considered to be 
conrposed and converted to amorphous B.O,. The broad pat- 
tern is probably ascribed to the glassy phase of B.O, and the 
amorphous (PB)p residue and glassy carbon. 

On the other hand, when the product at 1,000 °C is further 
burned at 1,400 °C in air, amorphous-like SiC and an amorphous 
phase of multiple elements occurs (Fig. 2e). 

Because pyrolysis at up to 1,700 °C produces SiC, B,C, and 
so On, it is easy to convert (PB)p into a heat-resisting inorganic 
material. There is thus a possibility of using (PB)p as a binder 
in the SiC body, for example; this will be described in another 
report, 

. In conclusion, in both previously developed polycarbosilane 
and newly-developed polyborodiphenylsiloxane of multiple 
elements, there is an amorphous state during thermal decom- 
position to such heat-resisting inorganic compounds as SiC and 
B,C. Therefore, the production of an amorphous state in the 
thermal decomposition of organometallic polymers to inorganics 
seems to be common, 
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SiC and Si,N, sintered bodies with new 
borodiphenylsiloxane polymers as binder 


HIGH-STRENGTH SiC and ShN, sintered bodies have been 
studied for their application as high-temperature structural 
materials’. A high-strength SiC sintered body using an 
organometallic polymer as the binder hassbeen reported’. 
A feature of this method is that polycarbosilane (PC) as the 
binder is converted into fine-particle inorganic B-SiC by 
heat-treatment, which fills the grain boundaries of the 
matrix SiC. In this way, with a hard-to-sinter material such 
as SiC or SiN, a sintered body with excellent mechanical 
strength can be produced at relatively low temperature 
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Table 1 Sintering conditions and properties of the sintered bodies 
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Apparent Flexural p 
Matrix Step Conditions density strength Fig. 
‘ (gcm~*) (MN m~*) 
Sic a Heating at 100 “C h~t, keeping at 1000 °C for I h; N, gas flow 2.50 80 a 
b Rapid heating, keeping at 1700 °C for 1 h; 1.8 MPa Ar 2.43 . 109 b 
c Rapid heating, keeping at 1400 °C for 40 h; in air 2.49 182 e a 
Si,N, a Heating at 100 °C h~t, keeping at 1000 °C for | h; N, gas flow 2.13 62 
b Rapid heating, keeping at 1500 °C for 1 h; 1.8 MPa Ar 2.06 71 
c Rapid heating, keeping at 1000 °C for 40 h; in air 2.18 125 





without using a hot pregs. We recently synthesised a par- 
ticular form of polyborodiphenylsiloxane (PB)p, an organo- 
metallic polymer, which is very effective as a binder. Using 
this binder, SiC and SisN, sintered bodies of high mechanical 
streħgths could be successfully obtained. These results are 
outlined here. 

A partial structure of (PB used as the binder is shown 
as A 


Ph o^ ° i 
(-Si-O-B<,) , 
Ph Ox 

The method of synthesis properties of (PB)p and 


phenomena in pyrolysing (PB)p are described elsewhere’. 
The purity and mean particle size of both the a@-SiC and the 
B-SisN, used as the matrix materials were 99.9% and 30 um, 
respectively. The procedure giving the best result in a 
sintered body is as follows. About 10% by weight of (PB)p 
is added to the SiC or SiN, powder. To this mixture, 
benzene is then added, to dissolve the (PB)p. The result is a 
uniform mixing of binder and matrix powder. The solvent is 
evaporated off, and a green body of size 10x 304 mm’ is 
prepared by mould-pressing at 196 MPa. The sybsequent 
sintering process, in three steps, is shown in Table,1. 

The flexural strength of the sintered SiC and SiN, bodies 
at room temperature was measured by the method previously 
described’. The measured results and the densities are 
showñ in Table 1. Scanning photomicrographs of the 
fractures after the successive steps of sintering are given 
in Fig. 1. 

From X-ray diffraction after the successive steps of 
sintering of a SiC body (Table 1, Fig. 1), the following 
conclusions emerged. In step (a), the amorphous binder, 
not yet well crystallised surrounds the SiC particles. In step 
(b), the (PB)p binder has now been mostly converted into 
fine-particle B-SiC. Between 1,000 and 1,700 °C, flow of the 
amorphous binder would occur, resulting in good wetting 
of the matrix a-SiC. The flexural strength of the sintered 
body thus becomes larger than in step (a). X-ray diffraction 
at this stage showed Bragg peaks due to small amount of 
BiC and amorphous carbon, as well as. B-SiC. In step (c), 
the B,C peaks disappear and the diffraction intensity 
indicating an amorphous phase increases. BC has thus 
become a glassy material by reaction with oxygen in the 
air. This glassy substance acts as a binder for the matrix 
SiC powder. Possibly because of this, the flexural strength 
of the sintered body is further raised. Similar results were 
obtained with the SiN, sintered body. Therefore, the 
sintered SiC and SiN, bodies using (PB)p as the binder 
will be safely usable at high temperatures and even in an 
oxidising atmosphere. 

As seen in Table 1, apparent densities of the sintered 
bodies are relatively low. By impregnation of the sintered 
body with (PB)p, followed by further heat-treatment, there- 
fore, the apparent density and the flexural strength could 
both be further increased. The method is similar to that 
described elsewhere’. By applying this process to the SiC 
and the SiN, sintered bodies following step (a), the 
increases in density and strength per impregnation were 





about 0.09 2cm™* and 60 MN m”, respectively, in each a 
case. ae 
Compared with PC, (PB)p can be more easily synthesised 


and is more effective as the binder for obtaining high- 


strength sintered bodies. 

In the SiC and SiN; sintered bodies using (PB)p as the ° 
binder, there is no dimensional change on sintering. The 
method of converting (PB)p to an inorganic as the binder is 
useful, and original, in industrial production. The sintered 
bodies, which are of high strength, should find many 
applicatioms in various fieldg. ee 


Fig. 1 Scanning photomicrographs of the fracture surfaces of 
SiC sintered bodies. Scale bars, 50 um. 
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Production of ‘prompt’ 
nitric oxide and decomposition 
of hydrocarbons in flames 28 


THE pollutant nitric oxide originates in combustion systems 
from nitrogen in the air or the fuel. Two processes have been 
identified whereby atmospheric N, produces NO. The 
Zel'dovich? mechanism has the rate-determining step O-+N, -> 
N+NO and is affected by oxygen atoms having concentra- 
tions®” above those for equilibrium. Fenimore’s ‘prompt’ 
scheme‘ is an attack on N, by sbme hydrocarbon fragment 
with a lifetime of several us in the flame’s reaction zone, 
Probable® primary steps are 


CH+ N, —» HCN-+N (1) 
C,-+N,—-> 2CN (2) 


The oxidation of HCN and CN to NO has been discussed 
elsewhere”, We have burnt premixed H,-O.—N, flames and 
measured the ‘prompt’ NO resulting fré6m trace additions of 
hydrocarbons to the burner supplies. We found that ‘prompt’ 
NO yield is proportional to the number of carbon atoms in the 
hydrocarbon molecule. We consider that the *hydrocarbons 
fragment into species with one carbon atom, in, or close to, 
the preheating region. Thus formation of ‘prompt’ NO, soot, 
ions in flames, and CH radiation from hydrocarbons all show 
related behaviour. 

© We studied flames with temperatures of 1,900-2,350 K, burnt 
at atmospheric pressure on a Padley-Sugden® burner. They 
have a flat reaction zone @nd burned gases (diameter ~ 15 mm; 
length ~0.2 m), in which the velocity, temperature and com- 
position profiles are those for plug flow. Without additive these 
flames are invisible, but with, say, 0.1° (by volume) of CH; 
a greenish-blue reaction zone is apparent 1 mm off the burner 
face. In certain conditions this reaction zone of the hydrocarbon 
burning in the H,-O,-N, flame lifts off the burner, and to avoid 
this the fastest burning hydrocarbons with up tg three carbon 
atoms, that is, CH,, C,H, or CH,CCH, were used. The addi- 
tion of 1% of a hydrocarbon and removal of a little H, does 
not affect? the temperature or cogcentrations of H, OH or O. 
Flames were sampled through a water-cooled quartz probe into 
a chemiluminescent analyser to determine [NO] along the axis 
of the burned gases. These flames were too hot for NO, to 
exist in them. 

Using C,H, as additive (Fig. 1) the NO with no hydrocarbon 
can only originate from the Zel’dovich process, whereas the 
increase in [NO] with C,H, added can be unambiguously 
ascribed to the ‘prompt’ mode of production®. In general, with 
hydrocarbon present, [NO] near the reaction zone is non-zero, 
and well downstream in the burnt gases all the curves of Fig. 1 
are parallel, with the increments in [NO] being ‘prompt’ NO. 
The dependence of this ‘prompt’ NO yield on [N.] has been 
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Fig. 1 Measured concentrations of NO along the axis of a 

flame ((H2]JO,]/[N2] = 3.0:1.0:3.3; temperature == 2,350 K) 

with various amounts of acetylene added. 1, 0°%; 2, 0.98%; 
3, 3.02%; 4, 4.43%; 5, 6.08%. 


investigated by replacing some N, with argon, but main- 
taining the temperature constant. This has established that 
‘prompt’? NO «œ [N,] in the unburnt gases. A similar investiga- 
tion demonstrated that the yield of ‘prompt’ NO is also pro- 
portional to the quantity of hydrocarbon present (Fig. 2). The 
linearity held irrespective of the hydrocarbon, as well as from 
1,900 to’,350 K and for fuel-rich and fuel-lean flames. The only 
exception appeared with cooler fuel-rich (T ~ 1,900 K, [H.}/ 
{O,] in unburnt gases > 5) flames, where plots as given in Fig. 2 
did show initial linearity followed by a decrease in slope for 
hydrocarbon additions greater than 1%, giving a maximum and 
a subsequent drop in ‘prompt’ [NO]. This suggests that hydro- 
carbons can destroy NO, as well as produce it. 

The efficiencies of CH, C,H, and C,H, at generating 
‘prompt’ NO were compared (Fig. 3) for additions less than 
1%. It is clear that the ‘prompt’ [NO] per N, and per hydro- 


‘Prompt’ [NO] (p.p.m.) 





PEER. (ne erate B eee 
0.50 0.75 1.0 
Volume ®,, CH, in unburnt gases 


0 0.25 


Fig. 2 Dependence of the yield of ‘prompt’ NO adjusted for 
any change in [N,] on the amount of methane added to a flame 
(H:)/[0:]/[N;] = 3.0:1.0:5.7; temperature = 1,900 K). 
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carbon molecule is préportional to the number of carbon atoms 
in a molecule of the additive. This was found to hold at different 
flame temperatures and compositions for fuel-rich systems. In 
fuel-lean flames the linearity was lost, with C,H, more efficient 
per carbon atom than CH, or C,H. A separate comparison 
between propyne and propane confirmed that both are equally 
effective promotors of ‘prompt’ NO in fuel-rich flames. Little 
variation of the ‘prompt’ NO (per carbon atom and fer N, 
molecule) was detected with temperature or [H,]/[O,] in the 
unburnt gases, provided the latter exceeded two. In contrast, 
the ‘prompt’ NO in O,-rich flames Pa strongly for [H.]}/ 
[©] below two; when elH.]/[O,] = 1, there was always 
negligible ‘prompt’ NO. "These ETON establish that 
‘prompt’ NO in fuel-rich systems is proportional to the number 
of carbon atoms present and independent of their origin. This 
rules* out reaction (2), and others involving species containing 
two or more carbon atoms, as the primary step, because it is 
unlikely that say C, could dome from CH, half as efficiently as 
from C,H,. Reaction (1) is apparently the most likely? primary 
step involving species with one carbon atom. 
Ld 
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Fig. 3 The ‘prompt’ NO produced in a flame ({H,]/[O.}/[Ne] 
= 3,0/1,0/3.3; temperature = 29350 K), per hydrocarbon mole- 
‘cule and per nitrogen molecule present in the burner supplies, 
plotted against the number of carbon atoms in the hydrocarbon. 


The unburnt gases are known to pass through a pre-heating 
region before entering the reaction zonet", There is also an 
appreciable flux of hydrogen atoms into ‘this region, because 
of their large concentration gradient in the reaction zone?:*! 
and their immense diffusivity. One explanation then of the 
above is that CH arises from hydrocarbons undergoing a 
sequence of first-order decomposition reactions, with a common 
rate-determining step. If this holds for CH, and other hydro- 
carbons, the rate-determining step could be the conversion 
of CH, to CH, or CH, to CH. Also, since a large hydrocarbon 
gives as much CH per carbon atom as CH,, the rupture of every 
carbon-carbon bond must occur before oxidation in the 
reaction zone interferes by producing stable products such as 
CO. A complete break-up of a hydrocarbon to CH, or CH, 
is possible givén a significant inflow of hydrogen atoms and a 
pre-heating® of less than 1000 K. Now all the stripping reactions 


CH,-- H- >CH, a H, 
CH,-+H-—-CH,+H, 
CH,-+H->CH+H, 


large [H.] for them to be partially equilibrated and 
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are close to thermoneutral!! and are exothermic if OH replaces oe 
H. Also 


CH+H-C+H, 


















is exothermic by some 97 kJ mol", so that a rate-determit 
step cannot be identified. In fact, the reverse of each. 
above reactions is likely to be fast enough at say 800 K 


‘pooling’ of CH, CH., CH and C to result. Of cou 
these radicals are likely to react with O, rapidly enou 
prevent a complete balancing of the above four reacti 
As for the pyrolysis of a paraffin in the presence of H aton 
schemes are available’* indicating that the likeliest product: 
include CH,, C,H, and C.,H,. Such schemes, with the sequence. 


H+RH ->H.+R 
R CH, +R 
H--CH, --C,H, 
H+C.H; -CHa 
H- CH, —C.Hs 
a H-+C,H,--2CH, 
give the partial pool of species with one carbon atom, rapidly 
and first order in the hydrocarbon, before significant oxidation 
to CO occurs. 

Since the rate constant of (1) is known!’, a crude check on the... _ 
above conclusions is possible. Consider a flame with 1% of- 
C,H, and 45% of N, in its supplies. If 1 in 100 carbon atoms 
produce CH, which is takef to react in the preheating region 
every collision with O,, then the ‘prompt’ NO is calculated. 
to be 4.6 p.p.m. for the products of (1) going to NO. This o č 
compares with the observed 4.4 p.p.m. for 0.98% of C,H, ine 
Fig. 1. Such agreement indicates that the fragmentation Of 
each fuel molecule into a pool of species with one carbon. o- 
atom before significant CO production occurs is a real pos- | 
sibility. ee 

This conclusion for fuel-rich flames is borne out by other 
work. Ferguson! concluded that soot fogmation is preceded by 
dissociation of every "C-C bond. Bulewicz and Padley* con- ae 
firmed that ions in flames originate’! from CH + O--CHO* +e 
with an efficiency proportional to the number of carbon atoms 
in a fuel molecule. Blades!” reached the same conclusion and 
found the CH emission intensity to be equal on a per carbon 
atom basis for several hydrocarbons. Peeters et al?" also 
observed a first order dependence for the CH emission from 
various hydrocarbons including CH4. 

I.M.V. thanks Sheffield University for a Styring Scholarship. 
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Lower Cretaceous Lepidoptera 


LEPIDOPTERA are rare in the fossil record and, until relatively 
recently, most fossil butterflies and moths had been found in 
Tertiary deposits. Records of Lepidoptera from earlier in the 
fossil record have been discounted'. The first evidence of a 
Cretaceous lepidopteran was Mackay’s description? of the head 
of a caterpillar in amber (about 72 Myr BP). Kühne described 


micropterigid scales from Cretaceous resin (about 100 Myr pp) * 


from West France", and several lepidopterous specimens have 
been found in Canadian and Siberian ambers of Cretaceous age 
(personal communication from A. Mutuura and A. Skalski), 
There is doubt about a much earlier record reported by Riek*. 
who described two insects from Triassic beds in South Africa 
and placed them in the Paratrichoptera, which he considered a 
suborder of the Lepidoptera. (Evidence to suggest that this 
material is not lepidopterous will be published elsewhere.) Thus 
the four moths described here, which were found in Lebanese 
amber dating from at least 100 Myr sp, are the earliest in- 
disputabl@ lepidopterous specimens. 

The amber was received from Professor Aftim Agra in Beirut. 
It was considered Aptian® or Ntocomian® but Must be at least 
100 Myr Bp, and Schlüter’ has suggested an absolute age of 
130 Myr spe. The moths (Fig. 1) have a wingspan of about 





Fig. 1 Lower Cretaceous resin with lepidopterous inclusion. 
(Photo: British Museum Natural History.) 


10mm and have proved to be similar to extant species of 
Micropterigidae (Lepidoptera, Zeugloptera). They have been 
compared with recent species of Zeugloptera and with the 
primitive Dacnonypha, Agathiphagidae. The fossil moths have 
simnilarly shaped wings and wing scales, with abundant micro- 
trichia on the wing membrane, comparable with recent micro- 
pterigies such as Sabatinca and Micropterix. The mouthparts 
have mandibles but no proboscis, and maxilary and labial 
palps similar to those of Sabatinca and Micropterix. Differences 
between the fossil and living species include the lack of ocelli 
and the apparent absence from the fossil forewing of a branch 
of the subcostal vein. The fossil moths have scales and an 
epiphysis oh the foretibia, both of which are typical lepidop- 
terous characters. Although the jugum cannot be seen in the 
fossils there is a small frenulum with four bristles similar to that 
of recent Sabatinca. A study of recent micropterigids shows that 
the fossil species is close to Sabatinca with which it has more 
characters in common than with Micropterix. 

Re-examination of the holotype of Micropterix pervetus 
Cockerell® from Burmese amber of Miocene age (about 7 Myr 
BP) shows that this species should be transferred to Sabatinca. 
Similarly Micropterix proavitella Rebel’, described from Baltic 
amber (Eocene/Oligocene, about 40 Myr Bp) should also be 
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transferred to Sabatinca, The genus *Sabatinca has extant 
species in Australia, New Zealand and New Caledonia and its 
former distribution and origins can now be traced back through 
Burma in the Miocene, Northern Europe in the Eocene/ 
Oligecene to probable origins in the Lower Cretaceous in the 
Lebanon. The Australasian species of Sabatinca are relicts of a 
former much wider distribution. 

Thé newly discovered fossil provides evidence of Lepidoptera 
in the Lower Cretaceous but, because of its relatively specialised 
morphology, I propose an earlier date for the separation of the 
Lepidoptera from the Trichoptera~Lepidoptera stem-group 
than the Cretaceous origin suggested previously. We should 
now be looking for fossil evidence of Lepidoptera in the Juras- 
sic. A fuller account of the morphology and relationship of these 
Lower Cretaceous fossil moths will be published elsewhere. 

PAUL WHALLEY 
Department of Entomology, « 
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Cromwell Road, London, UK à 
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Photoperiodic termination 
of diapause in spider mites 


TERMINATION of diapause in the spider mite Terranychus urticae is 
considefed to depend solely on a period of chilling, the so-called 
cold rest!”>. The minimal period of chilling required to reactivate a 
certain percentage of the overwintering population may vary 
between populations of different geographic origin*. No un- 
ambiguous relationship, however, has been established between 
chilling period and latitude, for there may be appreciable differ- 
ences in the minimal period of cold rest between strains from close 
localities*. The situation seemed more cemplex after Dubynina’s™ 
discovery that reactivation of a Russian strain of this species 
increased linearly with time when mites had been induced to 
diapause under the influence of long days, abrupt temperature 
changes and severe competition for food, while reactivation was 
cyclical when diapause had been induced by short days and 
relatively low temperatures. In the latter case maximal percentages 
of reactivating females were obtained after diapausing mites had 
been kept in cold storage for 40 and 75 d. Minimal percentages 
were obtained after 50 and 95 d. Reactivation was complete by 
about the 105th day of storage. Experiments in England, however, 
produced no evidence for cyclical reactivation in British strains of 
T.urticae*. Usinga Dutch strain of T. urticae, which has a constant 
photoperiodic reaction and has been reared in the laboratory for 
more than 15 yr (ref. 7), we have now found that termination of 
diapause in this species depends not only on a period of chilling 
but on photoperiod as well. 

Female mites were induced to diapause at 18 °C in a short-day 
photoperiod of 10L:14D and then stored at 4 °C, in either a long- 
day regime of 16L:8D or a short-day regime of 10L:14D. At 
regular intervals samples of about 50 diapausing mites were 
retrieved from this cold storage and their capacity to terminate 
diapause was tested by placing them on fresh bean leaves at three 
different temperatures (Fig. 1). Females were considered to have 
reactivated if, within 10d, their colour had changed from the 
bright orange-red of the overwintering form to the yellowish-green 
of the ‘summer’ form, and feeding and oviposition had started. 
Photoperiod was constant during this test; mites which had been 
stored in the cold in the long-day regime were reactivated in the 
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same long days, and mres which had spent their cold rest in short 
days were reactivated in short days of the same length. 

The results (Fig. 1) show the influence of temperature on 
reactivation. With increasing temperatures during reactivation, 
the duration of the cold rest necessary to terminate diapause in a 
certain percentage of the test population becomes progressively 
shorter. Comparison of Fig. la with Fig. 16, however, shows that 
at least during the first 2.5 months of diapause photoperiod hada 
far greater influence on reactivation than did temperature. For 
example, at 17 °C 50% of the mites terminated diapause in long- 
day conditions after a cold rest of only 8d, but in short-day 
conditions termination of diapause i in 50% of the test population 
was achieved only after a cold rest of 54d. This difference in 
duration of cold rest, required to terminate diapause in 50% of the 
mites in the two photoperiodic regimes, is still 34 d at 20 °C and 
28d at 23 °C (Fig. 1). About 2.5 months after the beginning of 
diapause the photoperiodic sensitivity of diapausing females had 
apparently disappeared, for reactivation of the complete pop- 
ulation succeeded from that moment onwards in short as well as 
long days. Thus terfhination of diapause in T. urticae ts dependent 
not just op temperature, but, at least during the first few menths, 
on photoperiod as well. 

These experiments suggest that sensitivity to photoperiod 
remains in adult females of 7. urticae, at least during the first few 
months of diapause, and that in long days and relatively high 
temperatures diapause can be terminated in part of the population 
without the intervention of a cold rest of even minisnal duration. 

Although even in the short-day regime, at all three temperatures 
tested, complete reactivation was achieved after a cold storage of 
about 70d, experiments in both photoperiodic regimes were 
prolonged up to 120d to look for any cyclicity in the pattern of 
reactivation. Reactivation proved to be linear, however, in 


Fig. 1 Reactivation of diapause females of 7. urticae at three 


different temperatures (1, 23 °C; 2, 20 °C; 3, 17 °C) in relation to the 

cold rest during which the mites were stored at 4 °C. a, Cold rest and 

reactivation in short days (LOL:14D); b, cold rest and reactiv ation in 
long days (L6L:8D). 
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accordance with the results obtained with British strains of 7. 
urticae*>, and in contrast to Dubynina’s® results. 

Our results were obtained with a laboratory strain of T. urticae, 
and experiments with strains isolated from different localities in 
Europe are in progress to check the g generality of the phenomenon 
of photoperiodic termination of diapause in this species. Some 
speculation, however, is possible about the ecological significance 
of the sensitivity of diapausing mites to photoperiod. It is 
conceivable that sensitivity during the early days of diapause tends 
to retain the diapause state during the autumn, when occasional 
warm days might break diapause in part of the population. 
According to our results the short days of autumn would prevent 
this breaking of diapause, while during winter diapause would be 
sustained and prolonged by prevailing low temperatures. In this 
sense, photoperiod would not function to terminate diapause 
when external conditions are favourable again, as in several insect 
species, but rather to protect the mites from becoming active again 
long before the season favourable for development and repro- 
duction. 

A. VEERMAN 
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Albinism in relation to competition in 
bamboo Phyllostachys bambusoides 


THE ecological consequences of albinism in plants have not been 
investigated, although the phenomenon has been considered by 
physiologists, geneticists and cytologists'~’. Production of 
albino offspring generally reduces parental reproductive value, 
because albinos die after seed reserves ar depleted, and thus do 
not reproduce. This negative effect can be moderated if a 
recessive allele for albinism confers increased fitness in the 
heterozygous *state®~?". I present here a hypothesis that, in 
species producing dense stands of seedlings subject to inter- 
specific competition, albino offspring can confer a competitive 
advantage to photosynthetic siblings; the reduction in parental 
fitness due to albinism may thus be less than predicted on the 
basis of reduced number of offspring. A test using bamboo 
(Phyllostachys bambusoides) supports this proposal. 

Production of albino offspring by*a given parent at a given 
time could increase growth and survivorship of non-albino 
members of the same cohort if the albinos shade interspecific 
competitors, but impose less intense intraspecific competition 
than would the same number of photosynthetic seedlings. As 
albinos deplete their seed reserves and die, adjacent photosyn- 
thetic seedlings should expand their crown and root systems to 
fill the space, Shading of competitors is thus maintained. 
Decomposition of albinos will release nutrients which can be 
absorbed by surrounding plants. The parental investment of _ 
resources in albino seeds may therefore be regained in part by — 
photosynthetic offspring. The amount regained will depend on 
intensity of interspecific competition, as well ag on rate of 
nutrient leaching from the soil. 

This hypothesis was tested experimentally on Barro Colorado 
Island, Panama (9°10’N latitude, 79°51’W longitude, 50m 
elevation). Green and albino seedlings of P. bambusoides Sieb. 
and Zucc. (Graminae), a monocarpic bamboo introduced from 
Asia, were grown alone and in competition with seedlings of 
Sida acuta Burm. f. (Malvaceae), a very widely distributed 
pantropical weed. The bamboo occurred as a dense clone 
approximately 5m wide by 10 m long, with stalks of approxi- 
mately 15 m. The bamboo was located on the edge of a large 











Table 1 Mean dry weight per individual and percentage mortality for experimental plants ° 





r Treatment no. : ` 
| 2 3 4 5 6 7 8 9 10 
Number of plants per pot* 
Albino bamboo e 0 0 0 0 « 0 24 48 48 0 0 
Green bamboo 24 48 96 24 48 24 0 48 0 0 
Sida 0 0 0 48 48 48 48 0 48 96 
Green bamboot . 
Mean dry weight (g <x 10) 212 206 142 164 146 203 a 196 = 2 
95° confidence limit 14.7 13.4 9.0 20.9 12.8 21:5 meen 21.3 ae ao 
*% mortality 6 8 10 8 13 0 —_ I! ~= ——- 
Sida 
Mean dry weight (g x 1074) — _ on 70 71 67 75 ~— 78 64 
95% confidence limit on one vc 6.6 5.4 5.0 6.6 g. 6.8 6.0 
“, mortality — _ — 0 2 45} 3 — 3 19 


* 24 plants per pot = 1,323 plants per m*; 48 plants per pot = 2,645 plants per m*; 96 plants per pot = 5,290 plants per m”. 
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clearing. It produced abundant sted between Jahuary 1975 and avoid position effects. All seedlings which died during the first 
July 1976, and then died. Dense stands of seedlings appeared 2 d after planting were replaced. Replacement of albino 
around the clone during the wet seasons of these years (May seedlings was continued for’2 weeks after planting. Initial 
~December). Average seedling density on 19 May 1976 mortality of albinos seemed to result primarily from damage to 
was 1,549 --- 1,089 seedlings per m?; 25.4 -+3.21 % of all seedlings seedling-seede connections during planting and was evenly 
were albino. This ratio was also demonstrated during the wet distributed among treatments. Marked albino plants in the 
season of 1975 (Carol Augspurger, personal communication). field. did not die during this period. The experiment was 
A one-to-three ratio of albino to green seedlings suggests that terminated after 37 d, when all albinos had died. Marked 
albinism is determined by a recessive gene. Average leaf area albinos in the field had also died by this time. Dead seedlings 
per seedling on 19 May was 1.4-+0.32 cm? for green bamboo, decayed very rapidly due to fungal attack. Seedlings were cut at 
and 1.4-:-0.40 cm?® for albinos. Sida acuta was the only species ground level, dried to constant weight at 70 °C, and weighed. 


producing abundant seedlings of uniform size in the same Results (Table 1) are consistent with the hypothesis. Green 
habitat as Phyllostachys at the time of the study. It is an her- bamboo seedlings grown in pure culture at three densities 
baceous perennial growing to a maximum height of approxi- showed lowest mean dry weight per plant at highest density. 
mately 2 m in clearings and on forest edges. This demonstrates intraspecific competition, a necessary 

Seedlings of both species were excavated on 6 May 1976. condition for the hypothesis. Green bamboo grown at inter- 
Mean height of excavated seedlings was 7.24-1.15 em for green mediate density with an equal number of albinos, however, did 
bamboo, 6.3 +-1.16 ch for albinos and ?.3-+-0.19 cm for Sida. not differ significantly in dry weight from green bamboo in pure 


Bamboo seedlings were approximately 2 weeks old at the time culture. Thus, albino and green bamboo do not stem to 
of collection, and all retained connections to seeds which compete. Green bamboo grown at low and intermediate 
seemed to contain endosperm, Sida seedling® were in the densities in the presence of Sida had significantly lower mean 
cotyledon stage and had not yet produced mature leaves. dry weight per plant than did plants grown in pure culture at 
Seedlings were transplanted with bare roots to soil-filled clay the same densities, demonstrating interspecific competition. 
pots 13.2 cm in diameter and 12.3 cm deep. Soil was a Frijoles When green and albino bamboo were grown together in the 
clay“, collected from a site near the bamboo clone, and presence of Sida, however, mean dry weight per green bamboo 
thoroughly mixed. Seedling densities in each treatment are given plant was not significantly different from that for contréls. 
in Table 1. There were no significant between-treatment Mortality of Sida seedlings was much greater in the presence 
differences in height for awiven type of seedling at the beginning of a mixed green~albino population than when grown only with 
of the experiment. Height was linearly correlated with dry green bamboo or only with albino bamboo. Differences among 


weight in a series of non-experimental seedlings: for green means for Sida dry weight were not statistically significant. 
bamboo r = 0.81, P < 0.01, n = 44; for albino bamboo Mortality of green bamboo was too low to permit meaningful 
r = 0.88, P < 0.01, n = 44; for Sida r = 0.84, P < 0.01, comparisons among treatments. 

n = 45. Each experimental treatment was replicated twice. This experiment provides the first evidence that plants witha 


The two replicates were initiated at different times during the lethal genotype can confer a competitive advantage to siblings 
planting period, to avoid between-treatment differences due to with non-lethal genotypes. The primary result of this competitive 
time of planting. Lack of sufficient Sida seedlings of uniform effect in natural populations might be a reduction in the 
size prevented greater replication. A carefully measured grid intensity of selection against albinism; the fitnesses of parents 
system was used to ensure uniform spacing of seedlings. In producing partially albino cohorts could remain lower than 
treatments containing more than one seedling type, seedlings fitnesses of parents producing entirely photosynthetic cohorts 
zo were arranged in regular alternating sequences (ABAB, despite the competitive effect. To be of adaptive value, the 
= AABAAB, ABACABAC, and so on) determined by relative benefits of improved competitive ability would have to outweigh 
proportions of each type. the energetic cost of producing seeds with albino genotypes, 

Pots were placed in a growing house with walls and roof of ° the cost of reduced number of viable offspring, and potentially, 


= insect screening. A clear plastic sheet was used to eliminate rain. the cost of reduced genetic variability among,viable offspring 





The growing house was in a clearing and could receive direct due to reduced numbers. Surveys are planned to determine if 
insulation from mid-morning until mid-afternoon. The experi- the phenomenon is likely to occur in natural populations. 
ment took place during the wet season, when cloudy weather Regardless of its importance in natural conditions, 
was predominant. "Each pot reéeived 60 ml of untreated water agricultural applications of this effect should be considered. 

from Lake Gatun every other day. Location of each pot relative I thank Carol Augspurger for calling my attention to 
to others was randomised and changed every other day to albinism, and Drs Egbert G. Leigh, Jr, Richard I. Yeaton, David 
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Increased homoeologeous chromosome 
pairing in Hordeum bulgare 
x Triticum aestivum hybrids 


WHEAT and barley are the most important cereals in the 
agriculture of temperate zones. Although both genera 
belong to the same tribe, Triticeae, apparently successful 
crosses between wheat and barley have been reported 
recently’. I report here the production, morphology and 
cytology of F: hybrids of Hordeum vulgare L. cv 
Betzes X Triticum aestivum L. cv Chinese Spring. 

The emasculation of barley, the maternal parent, 
pollination by wheat pollen, application of the gibberellin 
GA; to pollinated florets and subsequent excision and 
culture of hybrid embryos on a nutrient medium were 
performed as described before’. From the 372 florets 
pollinated, 44 embryos were obtained of which four seedlings 
(9.0%) survived. Examination of root-tip squashes 
revealed 2n=:28 chromosomes, the expected number in 
such hybrids. Further confirming evidence for hybridity 
was obtained from ,studies of esterase patterns of leaf 
tissue in the hybrids. The hybrid pattern was a combination 
of the differential parental bands. No hybrid bands were 
detected (Fig. 16). 

The hybrid plants were as vigorous as the parents and had 
foliage of characteristic light green colour. Unlike either 
parent with the exception of colour and plant height, 
which was intermediate to the parents, the phenotype was 
typically paternal. The wheat-like pubescent auricles were 
evident from the early seedling stage to maturity. The 
spikes differed slightly from those of wheat by being 
somewhat longer and more lax with awnletted lemmas 
(Fig. ila). Pollen grains of the hybrid were empty and 
shr.velled, the anthers were minute and indehiscent, and 
the plants were completely male sterile. A small number 
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Fig. 1 a, Spikes of (left to right) barley; barley-wheat hybrid; 
wheat. 6, Diagram of acrylamide gel electrophoresis of esteresa 
isozymes from leaf tissue of: barley (B); barley-wheat hybrid 
(B+W), wheat (W); c, metaphase I in barley~wheat hybrid 
showing one trivalent, 6 bivalents, 18 upivalents (6 dyads and 
12 monads) the lattér ‘indicative of equational division (= 428); 
d, Metaphase I in barley-wheat hybrids showing one hexavalent, 
one quadrivalent, eight bivalents and two univalents (x 428). 


of seeds was obtained by pollinating the hybrid with wheat 
pollen, indicating some degree of female fertility. 
Meiotic behaviour in the four barley-wheat hybrids was 
similar; therefore the data were combined (Table 1). 
Meiotic configurations at metaphase I in individual cells 
ranged from 21 univalents with qa considerable amount of 
equational division at anaphase 1; to cells with five or more 
ring bivalents (Fig. Ic) or a combination of complex 
configurations such as quadrivalents and hexavalents (Fig. 
ld) to give mean frequencies per cell of 19.88 univalents, — 
1.72 bivalents, 0.40 trivalents, 0.12 quadrivalents and 0.03. — 
hexavalents. : 
A portion of the chromosome pairing in the” barley- e 
wheat hybrids would be expected to be of the autosyndetic 
type not unlike that observed in the haploids of both 





Table 1 Mean chromosome pairing at first metaphase of meiosis in F, hybrids from crosses between H. vulgare and T. aestivum compared to. 


haploids of the two species and other intergeneric hybrids 


+ 








Genotype ] 
H. vulgareex T, aestivum 19.88 
T. aestivum-—haploid* 18.84 
H. vulgare-—haploid® 6.90 
Sum of barley and wheat haploids 25.74 
T. aestivum x T., longissimum® 


24.56 


T. aestivum Xx T. tripsacoides” 


ipi y OD 
Ise Bax F 


Configurations 
Xta.per No. of 

iH IV V VI cell cells 
0.40 0.12 —— 0.03 1.82 422 
0.02 == a — — 750 

a _ m _ _ 589 
0.02 „= — e _ . — 
0.02 — — we 1.75 ~=- 

-l = + — 1.51 50 
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species. The number of paired chromosomes in the barley- 
wheat hybrids, however, exceeded the sum total of paired 
chromosomes in haploid barley aral haploid wheat (Table 
1). Genotypes in diploid wheat species such as T. tripsa- 
coides (Ae. mutica) and J. longissimum’ suppress the 
effect of diploidising genes in wheat to variable degrees. 
A mean chiasmata per cell of 1.82 in the barley xX wheat 
hybrids indicates that the barley genotype may also 
suppress the diploidising system in Chinese Spring similar 
to that of the weak suppressors reported in T. tripsacoides 
and T. longissimum” which showed 1.51 and 1.75 chiasmata 
per cell, respectively, in hybrids with Chinese Spring. The 
data suggest that in barley as in some diploid Triticum 
species a locus (or loci) has evolved that permits some 
homoeologous pairing in hybrids with unrelated species. It 
remains to be determined whether there are extensive 
intraspecific differences in the genus Hordeum, as there 
are in certain species of the genus Triticum, for genes that 
relax the suppression of homoeologous pairing of wheat 
chromosomes. The infrequent occurrence of a heteromor- 
phic biva&nt at metaphase I suggested that there may be 
some homology between chromosomes of barley and wheat, 
providing an alternative expfanation for the” increased 
pairing in the hybrid above the sum of the two haploids. 
The application of Giemsa staining techniques for meiotic 
chromosomes in barley-wheat hybrids could help to solve 
this problem. 
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Detection in primitive gymnosperms of 
proteins and glycoproteins 
of possible significance in reproducfion 


THe modern cycads are the remnant of a gymnosperm 
group that has been in existence for at least 200 Myr’. 
Cycads are dioecious, with separate male and female plants, 
and fertilisation is effected by motile male gametes— 
so-called zooidogamous reproduction. Zooidogamy is found 
also in Ginkgo, another glioecious gymnosperm of consider- 
able antiquity’. Reproduction in all other gymnosperms and 
in flowering plants is siphonogamous. Here fertilisation 
occurs through a pollen tube which conveys the non-motile 
male gamete to the egg. A pollen tube is produced in the 
zooidogamous gymnosperms, but it is not involved in gamete 
transfer; it simply anchors the male gametophyte to the 
ovule during gametogenesis (Fig. 1). The ripe male gametes 
are released to swim freely in a pool of flui@ bathing the 
openings of the egg-containing archegonia (Fig. 1). It is not 
known how the gametes that carry out fertilisation are 
selected in these plants. Dioeci$m ensures outcrossing, but 
there is presumably some form of intraspecific screening. 
The male’ gametophyte or male gamete could, for 
example, identify itself to the parent of its prospective 
mate, or the male gamete to the egg cell at the threshold 
of syngamy. I report here the occurrence in cycads of 
proteins and glycoproteins at sites in the pollen grain and 
ovule where they might be involved in reproduction. 
Nonspecific esterase activity was detected in cryostat 
sections of Maserozamia reidlei pollen slurries using 
5-bromoindoxyl acetate and a-naphthy] acetate as substrates, 
the latter in a coupling reaction with fast blue B salt’. For 
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electron microscopy, the pollen was incubated in the 
reaction mixture before glutaraldehyde fixation and osmium 
post-fixation. Controls were run wathouf substrate in all 
tests. Acid phosphatase activity was localised in freeze- 
sectioned pollen by Gomori’s lead salt method* and the 
controls were incubated in the reaction mixture containing 
0.01 M sodium fluoride. Nonspecific esterase activity was 
localised in cryostat sections of fresh Cycas thouarsii ovules 
by the indigogenic method. Acid phosphatase was in- 
vestigated in ovules in the same way as for the pollen. 
Concanavalin A (con A)-binding sites in the megaspore 
wall of C. thouarsii were revealed ultrastructurally in 
glutaraldehyde-fixed ovules by ceupling with horseradish 
peroxidase (HRP) and diaminobenzidine (DAB)', and by 
fluorescence microscopy in fresh, frozen sections with 
con A labelled with fluorescein isothiocyahate (con A-FITC, 
L’ Industrie Biologique Francaise). The con A in the controls 
for both methods contained 0.2 M a-p-methyl mannoside’. 
Homogenates of C. siamensis megagametophytes were pre- 
pared in buffered saline, filtered and dialysed against water. 
The dialysate was concentrated amd the concentrate was 
tested for’ ability to agglutinate trypsinised, human O+ 
erythrocytes and analysed by sodium dodecyl sulphate (SDS)- 
polyacrylamide electrophoresis’ after dissociation of the 
proteins in mercaptoethanol and SDS. The gels were stained 
with Coomassie blue for proteins and the periodic-acid- 
Schiff technique for carbohydrates. 

Proteins with enzymatic properties are contained in the 
pollen grain wall and the cytoplasm of the male gameto- 
phyte in M. reidlei. The indigogenic method reveals discrete 
granules of nonspecific esterase activity in the tube cell 
cytoplasm (Fig. 2a). Electron microscopy of pollen 
incubated in a-naphthy!l acetate shows a narrow layer of 
nonspecific esterase activity between the intine and exine at 
the sulcus of the grain (Fig. 2e). Intense acid phosphatase 
activity is also associated with the intine at the sulcus (Fig. 
2c). The localisation of hydrolytic enzymes in the apertural 
intine iff the cycad accords with the occurrence in the 
flowering plants”, where the enzymes are implicated in the 
penetration of the stigma’. By analogy, the cycad hydro- 
lases could be utilised in the metabolism of substrates 
encountered by the pollen tube during its growth through 
the nucellus (Fig. 1). It is interesting that conifer pollen 
germinates in the pollen chamber of Ginkgo’” and pro- 
duces tubes which enter the nucellus tissue’—penetration 
presumably being facilitated by the hydrolases detectable at 
the pollen sulcus’. This provides evidence about the 
regulation of mating behaviour in Ginkgo: the ovude 


Fig. 1 Diagram of post-pollination events in the ovule of a cycad. 
Two pollen grains have germinated and their tubes penetrated 
the nucellus. Male gametes are being released from the lower 
grain into the fertilisation fluid held in a depression——the archegon- 
ial chamber—-at the apex of the female gametophyte. The egg- 
containing archegonja are left unshaded and the megaspore wall 
is represented by a series of radial lines. The various structures 
are not drawn to scale. 
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penetration of the stigma is prevented in compatible 
pollinations”’, suggesting that the con A sites are necessary 

to one level of acceptarfte response in the reproduction of 
flowering plants. This cannot apply in the cycad megaspore, 
because above the archegonia „the wall is dispersed before 

the male gametes are released (Fig. 1). But if this process is 
contingent on necrosis of the female gametophyte tissue to 

form the archegonial chamber (Fig. 1), the fertilisation pool 
could hold in solution molecules from both components. A 
«concentrated extract of megagametophyte plus wall of 

C. siamensis haemagglutinates trypsinised human erythro- 
cytes (Fig. 4a), signifying the presence of a phyto- 
haemagglutinin or lectin“, Electrophoretic analysis of the 
extract reveals nine protein bands (Fig. 4c) three of which 

give a reaction for carbohydrates (Fig. 4d). In the conditions 


Fig. 3 Ovule of cycad C. thouarsii. a, Nonspecific esterase 
activity in the degenerating nucellus cells. The megaspore wall 
is the refractive structure towards the bottom of the picture 
(* 500). b, Control for (a) (* 500). c, Megaspore wall after 
incubation in con A and coupling with HRP. Con A is bound 
to the surface of the electron-lucent wall component; he resul- 
tant DAB reaction product is indicated by the arrow ( x 20,000). 
d, Con A gontrol. The white line indicated by the arrow is the 
surface of the’ electron-lucent wall layer ( 20,000). e, Con A 
binding sites revealed with con A-FITC. Strong fluorescence 
is emitted by the degenerating nucellus cells and megaspore exine 
(= 300). f, Control for con A-FITC test. The section shows 
only autofluorescence (=x 300). 








Fig. 2 Pollen of the cycad M. reidlei, a, Nonspecific esterase 

activity (x 1,000). b, Esterase control ( = 1,000), c, Acid phos- 

phatase activity ( ~ 1,000). d, Acid phosphatase control ( 1,000) 

e, Electron microscope localisation of nonspecific esterase ac- 

tivity between the exine and intine at the sulcus (= 20,000). /, 
Control for (e) ( * 20,000). 


possesses no capacity for suppressing germination ‘or frus- 
trating the growth of the pollen tube in wide pollinations. 

The female gametophyte in the zooidogamous gymno- 
sperms is contained by a multilayered megaspore wall, 
comparable with the flowering plant pollen wall”. During 
development material derived from autolysis of the 
sporophyte cells immediately external to the gametophyte 
accumulates in the chambered outer layer (exine) of both 

‘walls. In the flowering plants the source cells comprise the 

tapetum™ "+" and in the gymnosperm ovule they are the 
inner layers of the nucellus’’. There is a degree of chemical 
cfnformity between the walls and sporophytic loads in the 
two groups. Strong nonspecific esterase activity, indubitably 
of sporophytic origin, is found in the residue resulting from 
the breakdown of the nucellus cells in C. thouarsii ovules 
(Fig. 3a). There is no detectable acid phosphatase activity. 
Esterases, but not acid phosphatase, occur in the pollen 
exines of many flowering plants and their activity is judged 
a characteristic marker for the transfer of proteins from 
the tapetum to the pollen grain surface”’. 

My experiments have demonstrated a carbohydrate 
moiety in the cycad megaspore wall able to bind con A. 
Electron microscopy shows that in C. thouarsii con A 1s 
bound specifically to the surface of an electron-lucent wall 
component incorporating sporopollenin droplets derived 
from the nucellus cells (Fig. 3c). Moderate to strong FITC 
fluorescence is emitted by the degenerating nucellus cells 
and by the megaspore exine in freeze-sectioned ovules 
treated with con A-FITC (Fig. 3e), the fluorescent material e 
on the wall corresponding to the con A-binding layer 
observed in con A-HRP coupling. The specificity of con A 
towards oligosaccharides with terminal glucose and mannose 
residues is well authenticated, and acceptor sites for it are 
present in the pollen wall'* and stigma surface pellicle—the 
receptor site for pollen-borne recognition molecules’*”*'—in 


flowerin lants™". If the pellicle is coated with con A, 
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a 3 d. 


Fig. 4 Agglutination of trypsinised human erythrocytes produced 
by a salfhe-held extract of the megagametophyte and megaspore 
wall of the cycad C. siamensis. b, Control preparation for the 
agglutination test. Cells were treated with 0.15 M sabine instead 
of extract. c, Protein bands in an SDS~polyacrylamide gel of the 
extract. d, Complementary gel stained for carbohydrates. 


of the run these are likely to mark carbohydrates of 
glycoproteins. 

This finding offers an intriguing possibility for the control 
of intraspecific mating in the primitive, zooidogamous 
gymnosperms. It has been suggested that lectins in plants 
have a defence function and may also be involved in the 
determination of self-recognition between cells**. Lectins 
interact with animal cells and with plant cell protoplasts’ 
and can detect intraspecific variations in surface oligo- 
saccharides™. As a consequence of these properties a 
function in recognition can be envisaged for the lectin’ in 
the gymnosperm ovule: as a constituent of the fertilisation 
pool it could be involved in discrimination between male 
gametes. 
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Isozymes of a tunicate == 
and a cephalochordate as a test of 
polyploidisation in chordate evolution 


IN view of the uncertainty regarding early phylogeny of 
the chordates”, Atkin and Ohno’ determined the nuclear 
DNA contents of representatives of three chordate sub- 
phyla. Ciona intestinalis (Tunicata) has a diploid DNA 
content of 0.42 pg, while Amphioxus lanceolatus (Cephalo- 
chordata) contains 1.2 pg--very®close to the 1.4 pg con- 
sidered as the basic vertebrate value*’. Assuming a 
tunicate-like ancestry of the cephalochordate-vertebrate 
stock’, Ohno’ proposed that the threefold differegce in 
genome size between Ciona and Amphioxus might reflect 
the occurrence of at least one round of polyploidisation 
preceding vertebrate evolution. To test further this hypo- 
thesis we determined the number of* genes coding for 
various enzymes in C. intestinalis and Brawchiostoma 
(Amphioxus) lanceolatum. Only few genetically inter- 
pretable isozyme data from B. lanceolatum have been 
reported?! An isozyme study on a related species, B. 
moretonensis has been påblished recently”. Systematic 
isozyme investigations in tunicates have not been reported 
before. Weg report here that C. intestinalis and B. lan- 
ceolatum have identical gene numbers for homologous 
enzymes with only one exception. 

Comparative isozyme studies have proved a powerful 
tool in substantiating ancestral diploid—tetraploid relation- 
ships, for example in teleostean fish and various examples 
of gene duplication in mammals including man have been 
taken as support of the idea of ancestral polyploidy in 
this taxonomic category’, Thus, if relative to Ciona, 
Branchiostoma represents an ancestrally polyploid or- 
ganism, it is conceivable that it still possesses an increased 
number of functional gene loci. Table 1 summarises the 
results of our electrophoretic investigations. Data from 
IQ of the 12 isozyme systems analysed were interpretable 
in each, Ciona and Branchiostoma. Of these, nine lend 
themselves to a direct comparison: five enzymes seem to 
be encoded for by a single gene locus in Ciona as well as 
Branchiostoma; one system (AAT) is clearly encoded for 
by two gene loci in both organisms, whereas the number 
of loci underlying the multiple zones of superoxide dis- 
mutase activity remains unclear, since only the slowly 
migrating zone resolved into sharp bands. The NAD-MDH 
pattern observed in Ciona is best interpreted by the assump- 
tion of two loci while in Branchiostoma a third, additional 
NAD-MDH_ locus is present. Multiple zones of esterase 
activity were seen when 4-methylumbelliferyl-acetate was 
substrate. The dimeric enzyme seen in human tissue in 
these conditions’, appeared in Branchiostoma only. 

Our data do not support the polyploidisation hypothesis 
of Ohno, since in one isozyme system only (NAD-MDH) 
Branchiostoma is endowed with a higher number of genes 
than Ciona. It should be emphasised, however, that our 
data do not contradict a polyploidisation hypothesis; In 
the course of regaining diploidy, a tetraploidised organism 
tends to functionally eliminate the duplicate genes by 
accumulation of ‘forbidden’ mutations, unless some special 
selection pressure favours their maintenance’ 149, 
Branchiostoma, if anciently polyploid, may already have 
silenced the majority of duplicated genes. It should be 
mentioned that with respect to the ribosgmal DNA con- 
tent, apparently subject to especially drastic change during 
evolution”, there is a 1:6 ratio between Branchiostoma 
and Ciona”. The failure to detect more duplicated genes in 
Branchiostoma using the whole body extracts from adult 
animals may also be due to a possible differential activity 
of gene duplicates during development and/or in different 
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‘Table 1 Analysis of electrophoretic data of isozyme studies in C. intestinalis and B. lanceolatum 











i . C. intestinalis B$ lanceolatum ute 
Enzyme No. of animals No. of alleles Allele frequencies* No. of animals No. of alleles Allele frequencies* | 
investigated found investigated found ot 
O NAD-MDH fast 21 2 0.33 0.66 100 2 0.01 0. 99 sey 
1.1.1.37 slow 21 3 0.03 0.94 0.03 100 3 : 0.03 0.96. .0.0 
| very slow A 100 2 0.01 0.99 
A i 13 3 0.07 0.73 0.20 very faint staining 
6-PGDH 9 Ss 0.32 0.28 0.17 very faint staining 
ALLA ; 0.17 0.06 d 
‘Catalase 20 2? 13 3? 
ALLG : : 
Peroxidase no staining 13 3 0.04 0.92 
. Superoxide dismutase fast 23 variable very faint staining ; 
ob 1S. * slow 23 2 0.20 0.80 13. 2 0.73. 0.27 
AAP fast 14 3 0.20 0.55 0.25 © 14 3 0.04 0.32 
2.6.1.1 slow 14 2 0.10 0.90 14 2 0.04 096 29% 
:PGM <. ,. 27 23 14 5 O11. 0:32. O11 
2.7.5.1 l | 0.29 0.18 
Methylumbellife- e fast 12 3 0.17 0.67 0.17 17 variable 
. _ rylesterase slow 12 variable 17 variable 
k ZLI > very slow f . ? HBS gee 
l (dimeric) 17 3 0.09 0.88 0.03: 
Adenosinedeaminase 14 unvarying ° > 14 e 5 0.25 0,07 0.54 
3.5.4.4 0.07 0.07 
ed aa I ; 8 | 3 0.06 O81 0.13 14 2 0.18 0.82 
PGI 11 6 0.05 0.23 0.05 95 2 0.98 0.02 
5.3.1.9 R 0.36 0.14 0.18 


All animals were caught in the North Sea at Helgoland. C. intestinalis individuals were freed from their tunics before further preparation. 
All animals were homogenised in 0.01 M phosphate buffer, pH 7.4, containing 10-* M MgCl, in a glass-glass homogeniser, and the 
20,000g supernatants were subjected to horizontal starch gel electrophoresis. All enzymes were anabysed in gels consisting of 14% starch 
in 0.08 M Tris/0.03 M citrate buffer, pH 8.0: (bridge: 0.223 M Tris/0.068 M citrate buffer, pH 8.0) except esterase, adenosinedeaminase 
glyoxalase and superoxide dismutase (the latter in the case of Branchiostoma only); these enzymes were investigated in 13% starch in 
0.006 M potassium phosphate buffer, pH 7.4 (bridge: 0.375 M. potassium phosphate buffer, pH 7.4). Staining was performed by con- 
ventional methods!” *4~**, Attempts to stain lactate dehydrogenase, glucose-6-phosphate dehydrogenase, sorbitol dehydrogenase “and. ¢ 
alcohol dehydrogenase were either unsuccessful or. yielded results too poor for genetic interpretation. MDH, maleate dehydrogenase; 
IDH, isocitrate dehydrogenase; 6-PGDH, 6-phosphogluconate dehydrogenase; AAT, aspartate amino transferase (GOT); PGM, phos- 
phogiucomutase; PGI, phosphoglucose isomerase. 

*Most cathodal variant first. . 
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organs’, Furthermore, as Ohno* has pointed ‘out, du- 
plicated genes may have been altered with respect to kinetic 
properties, pH and temperature optimá, and substrate 
specifrcity, Thus their detection by standard electrophoretic 
and staining procedures may be prevented. 


An alternative to the polyploidisation hypothesis is that 
the common ancestor of tunicates—cephalochordates and 
' vertebrates already possessed a DNA content similar to the 
basic present-day vertebrate value, and that during the 
evolution and specialisation of the tunicates an appreciable 
copart of the nuclear content was lost. Loss of nuclear DNA 
content concomitant with specialisation has been noted by 
- Hinegardner”. 

As pointed out by Ohno” a further alternative to the 
- polyploidisation hypothesis relies on the assumption that 
. the genome size increase in Branchiostoma relative to 
Ciona (or its ancestor) was due to agcumulation of re- 

etitious DNA. It has been shown” that the Ciona genome 
contains approximately 30% repetitive DNA, but the 
genome composition of Branchiostoma is not known. Its 
- analysis might clarify chordate interrelationships. 
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Similarity of the gereral 


designs of protochordates and invertebrates 
Tne protochordate amphioxus is clearly differentiated. from. 
the invertebrates by most taxonomic criteria”, and is re- 
cognised as the organism most closely resembling the early 
fish-like vertebrate progenitors™*. Recently, however, Man- 
well’ has provided evidence that, with respect to enzyme 
variability, amphioxus resembles invertebrates rather than 





-vertebrates. We report here that, in termg of gross sequence — ; 


characteristics of DNA, amphioxus and two other proto- 
chordates, Ascidia mentula and Ciona intestinalis, more 


closely resemble the DNAs df the invertebrates, echinoder- 
mata and brachiopoda, rather than the DNA of higher 
vertebrates (craniata). 6g 

Characterisation of the DNA was by nearest-neighbour 
two-base sequence (doublet. frequency) analysis and sub- 
sequent determination of the patterns of deviation from 
random expectation af the doublet frequencies (general de- 
signs)". The technique of doublet frequency analysis, 
originally developed by Kornberg and his colleagues", 
measures the frequencies of occurrence of the sixteen pos- 
sible doublet sequences in DNA. Normalisation of the 
observed doublet frequencies to give the general design 
yields a characteristic pattern which has six degrees of 
freedom for a double-stranded DNA. Expressing doublet 
frequencies as patterns of deviation from random expecta- 
tion removes the components of variation in frequency 
which are a consequence of base composition alone, leaving 
an underlying pattern of sequence-dependent characteristics 
which are independent of G+C content. This is a very 
stable characteristic of DNA (refs 7 and 12), and similarity 
in genera? designs in DNAs is considered to reflect past 
response to similar or identical evolutionary selection pres- 
sures (and is thus a measure bf evolutionary} relatedness). 
When general designs were calculated from the results of 
Swartz et al. for three echinoderms (2 echinoidea and |} 
asteroidea) and six vertebrates (1 fish, 1 bird and 4 
mammals), the echinoderm and vertebrate DNAs fell into 
two readily distinguishable groups while the DNAs within 
each group were closely similar’’. 

Table 1 gives the doublet frequencies and base composi- 
tions of three protochordate DNAs from amphioxus 
(Branchiostoma lanceolatum), Ciona intestinalis and Ascidia 
mentula, two brachiopod DNAs from Crania anomala and 
Terebratulina sp. and two echinoderm DNAs from Antedon 
bifida (Crinoidea) and Thyone fusus (Holothuroidea). The 
lower craniates are represented by the DNAs of two fish; 
the primitive cartilagenous dogfish (chondrichthyes) and 
the higher bony fish, coelacanth (osteichthyes; cros- 
sopterygii). For comparison, Table 1 includes the doublet 
frequencies determitted by Swartz er*al.’® for the echino- 
derm, Echinus esculenta (Echinoidea) and the higher fish, 
salmon (Osteichthyes; Actinopterygii), the most primitive 

o 
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vertebrate previously analysed. Also shown are the G+C 
contents gained from doublet frequency data and, where 
available, from buoyant density det€érminations. The obser- 
vation that G+C contents calculated from doublet fre- 
quency data are generally slightly lower than those given 
by buoyant densities has already been noted®'*. It is 
relevant that none of the DNAs was found to contain any 
significant proportions of density satellite DNAs. Even on 
close examination of the doublet frequency data of Table 1, 
it is difficult to come to any firm conclusions with regard 
to comparisons of the invertebrate and craniate DNAs. 
However, when the general designs (that is, functions of 
sequence characteristics indepentent of total base com- 
position) are compared (Fig. 1), those of the protochordates 
are found to be very similar, not only to each other, but 
also to the general designs of the “echinoderms, and 
brachiopods, Like these invertebrates, the protochordates 
differ from the lower craniates with particular reference to 
the relative frequencies of the doublets AG-CT and CG. 

Evaluation of the differences seen in the histogram pre- 
sentation of the general designs Was achieved Dy cluster 
analysis using the weighted average linkage method” with 
Euclidean squared distance. This was done for the general 
designs shown in Fig. I together with those of the DNAs 
of the higher vertebrates: gdinea pig (Mammalia), chicken 
(Aves) and bullfrog (Amphibia) and the echinoderms Para- 
centrotus lividus (Echinoidea) and Asterais rubens (Astero- 
idea). The resulting dendrogram (Fig. 2) clearly shows that 
the craniate and protochordate DNAs fall into separate 
groups. The protochordates are indistinguishable from the 
invertebrates by this method. The small differences within 
the protochordate-invertebrate group are not much greater 
than the experimental error inherent in doublet analysis’’, 
and differences in undetected satellite populations could 
have contributed here. The larger differences seen within 
the vertebrates are undoubtedly real with the design 
remaining stable from mammalia to amphibia, but with 
differences becoming pronounced at, and within, the fish. 
Some of these differences may be due to satellite DNAs, 
but in the dogfish the general design for slow renaturing 
nuclear DNA is identical to that of total nuclear DNA 
(unpublished results). 








Table 1 : 
Brachiopods Echinoderms Protochordates . Craniates 
Crania Terebratulina Echinus Antedon Thyone Ascidia Ciona Branchiostoma Dogfish Coelacanth Salmog 
{Amphioxus} 
AT 104 105 9] 119 87 82 94 83 70 71 73 
TA 90 092 75 109 68 70 77 71 33 62 68 


AA TT 121 124 119 128 100 #16 119 119 81 90 
GT AC 35 56 56. 55 5 602 58 52 60 57 
TG CA 66 65 67 65 69 76 68 62 72 70 
GA TC 33. 33 SL . 32 49 64 Si 47 61 62 
AG CT 49 50 48 49 47 64 50 47 55 55 
GG CC 34 32 32. 12 31 46 29 24 55 50 


GC 21 27 35 28 ål 
CG. 20 20 ae 18 35 
a 32.9 32.8 30.0 34.2 28.1 
t 33.3 33.9 32.4 34.2 29.3 
g 17.0 16.7 16.8 16.6 rA Oe | 
c 16.7 16.7 20.8 15.1 21.0 
AatC IT 33.4 e 37.6 31.6 42.7 
p 1.696 1.695 — i 1.704 
vos +O 


froomp ° 36.4 


96 105 82 92 86 99 73 69 103 109 74 83 
62 $8 61 55 65 59 61 59 55 48 62 62 
75 72 72 68 7 Ti 82 7% B 66 75 77 
52 56 56 50 58 60 74 68 $2 S6 57 67 
54 57 52 54 58 60 75 72 #461 65 69 75 
44 44 54 49 ° 44 43 59 54 58 59 49 52 


45 39 40 40 45 40 
30 32 28 18 18 17 
29.0 28.5 28.5 27.6 28.3 27.6 
30.5 30.2 30.6 214 30.0 29.3 
20.3 21.0 20.7 23.4 21.0 21.0 
20.3 20.3 20.1 21.9 20.8 22.1 
40.5 41.3 40.8 45.3 41.7 43.1 
1.701 1.703 1.702 1.704 5 = 

41.9 43.4 42.6 44.9 ” — 





‘Total DNA’ preparations were purified from tissue homogenates (leg per 5 ml 0.15 M NaCl, 0.1 M EDTA; pH 8.0) by treatment with SDS 
and Pronase™, followed by two cycles of banding at equilibrium in neutral CsCl buoyant density gradients’. Density satellite DNAs were not 
detected in these preparative gradients and each DNA appeared as a single band in analytical neutral density gradients. Doublet frequencies of 
the purified DNAs were determined as described by Josse ef al” with minor modifications'”:!*, The percentage base compositions and G+-C 
contents were determined from doublet frequency data. Also given are the G + C contents derived from the buoyant density measurements 
shown. Exceptions are Antedon* and coelacanth* where the molecular weights of the isolated DNAs were too low for accurate evaluation of the 
peaks. Doublet freqyencies are expressed in doublets per 1,000 and doublets shown in pairs are the dependent doublets’’*, that is, those doublets 
which are complementary in the anti-parallel strands and are theoretically present with equal frequencies in double-stranded DNA. The observed 
values therefore give no measure of the frequencies on any one strand of the DNA. Doublets shown singly are the independent doublets, each 
being its own anti-parallel complement with the observed values being true for either strand of the DNA. 
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It can ierelore be concluded that, in terms of gross 
sequence characteristics, protochordate DNA more closely 
resembles the DN'As of the invertebrates, echinodermata 
and brachiopoda, than the DNAs of the craniates. Other 
invertebrate DNAs which have so far been examined (for 
example, arthropod DNAs; G.J.R. and J.HLS.-S., in “pre- 
paration) are even more dissimilar to the craniate pattern 
than the protochordate, echinoderm and brachiopod DNAs. 

On the basis of taxonomic criteria’, amphioxus has 
become accepted as the ‘prototype’ chordate closely related 
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: Fig. 1 Deviations from random expectation. Patterns of deviation 


from random expectation were determined from the doublet 
` frequencies and base compositions shown in Table 1 by calculat- 
-Apg the ratios of the observed doublet frequencies to the expected 

random frequencies*. The expected random frequency of a 


_. particular doublet is the product of the frequencies of the bases 


comprising that doublet. Both doublet frequencies and the base 
frequencies were expressed as f ractions of unity in order to deter- 
„mine the ratios. A doublet with a random frequency would 
therefore give a ratio of one and the results are expressed in 
histogram form as deviations from unity. The doublet CG in 
salmon, for example, has a frequency of 17 doublets per 1,000 
(0.017). The two bases, C and G, occur with frequencies of 22.1% 
(0.221) and 21.0% (0.220) respectively. The expected random 
frequency of a two-base sequence containing C and G is therefore 
. x 0.220 = 0.046, and the ratio of the observed frequency of 
` CG to the expected random frequency is therefore 0.017/0.046 = 
0. 37, thai is, salmon DNA has only 0.37 times the expected 
| amount of CG. 


14 Jossë, J. & Swartz, M. Meth, Enzym. 6, 739-751 (4963), 
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Fig.2 Cluster analysis of the general designs of vertebrate, 
protochordate, echinoderm and brachiopod DNAs. The weighted 
average linkage method was used with Euclidean squared 
distance (that is, the sum of the squares of differences of ratios 
of observed to random frequencies between two DNAs) as the 
measure of distance’*. The general design values for chicken, 
salmon, Echinus, Paracentrotus and Asterias DNAs were calcu- 
lated from the results of Swaftz ef al.. The values for bullfrog 
DNA are from McGeoch"® and those for guinea pig DNA are- 
from Russell et al.. 


to the ancestors of the earliest craniates**, However, using 
the criterion of enzyme polymorphism, Manwell has now 
suggested that the protochordate amphioxus is much more 
like invertebrates than vertebrates. Our findings, based on 
a very stable general characteristic of the total genome, not 
only provide strong support for Manwell’s observation, but 
also show that the protochordates as ae group relate much 
more closely to the higher invertebrates than to the 
cramiates. | 

Diversificatien of general designs in other invertebrate 
phyla are being further investigated for comparison with 
existing phylogeny. There clearly remains a wide gap 
between the protochordates (acrania) and craniates, and 
analyses of other primitive chordates, such as cyclostomata 
(lamprey), are obviously needed. 

The doublet frequencies for Echinus esculenta and salmon 
are from Swartz et al.'*.We thank Dp R. H. Harris, Liaison > 
Officer of the Coelacanth Committee of the Royal Society, 
for providing the coelacanth tissue. | 
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Haemoglobin crystals in the midgut 
of the tick Ornithodorus moubata Murray . 


Ticks of the Ornithodorus moubata Murray (Ixodoidea, 
Argasidae) complex, distributed through East Africa, are 
known as vectors of African relapsing fever’. A laboratory 
strain of O. moubata porcinus (originally from Tanzania 
and bred according to the method of Geigy and Herbig’) 
uses the guinea-pig (Cavia porcellus L.) as experimental 
host. Guinea pig blood crystallises more easily than that 
of other hosts’ in the gut of blood-sucking arthropods’. In 
O. moubata crystals appear 5-10d after the blood meal. 
first small (0.015-0.05mm) and clear red, later up to 
0.2mm 4n all three directions and dark red. These ‘tick- 
grown’ crystals may still be present after even more than 
a year. They possibly serve &s nutrient res€rve' since they 
finally disappear after prolonged starvation. We describe 
here a study of the formation and structure of these 
crystals and the changes within these crystals with time. 
We show the crystals to be composed principally of guinea- 
pig haemoglobin. 

O. moubata porcinus ticks (males and females) were 
taken from the laboratory strain, fed on guinea-pigs and 
dissected at intervals after the blood meal (0, 2, 4, 6, 12, 
15, 30, 85 and 200d), in 0.7% NaCl solution (for X-ray 
diffraction and spectroscopy) or without a dissecting fluid 
(for determination of pH and osmolarity of the gut fluid). 

In light microscopy of histological sections the crystals 
appeared as irregularly shaped triangles, with spherical 
haematin aggregates visible between them as dark spots. 
Figure | shows a scanning electron micrograph of the 
crystals. They were tentatively identified as crystals of 
guinea pig haemogfobin since their ntorphology is the same 





Fig. 1 Scanning electron micrograph of haemoglobin crystals 


‘in’ the tick midgut. Preparation: fixation 2.5% @lutaraldehyde, 
2% osmium tetroxide; dehydration to 100° ethanol sub- 
sequently to 100% amyl acetate, air dried, covered with carbon 


gold. 
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Fig.2 Comparison of X-ray diffraction patterns of ‘éck-grown’ 
(left half) and *in vitro-grown (right half) crystals. 16 Precession 
photographs (2.8 A resolution) of the Ak0-zone, CuKa radiation. 
graphite monochromator. Arrows indicate reciprocal axes. 


as described for those crystals’. After soaking in a standard 
3M (NH,):SO, solution buffered with 0.1 M potassium 
phosphate at pH 6.7 (pH measured after 10-fold dilution) 
the crystals were further characterised by taking 16° pre- 
cession photographs of single crystals. 

Haemoglobin from guinea pigs of the same strain was 
purified on DEAE-Sephadex". Single crystals of the major 
haemoglobin component (~80% of total haemoglobin) 
were grown from 1 and 4%, solutions, using the Zeppezauer 
technique’, from either 3M (NH,):SO,; solutions, buffered 
with 01 M potassium phosphate at pH 6-7. or from 3M 
potasslum phosphate solutions in the same pH range. 
These ‘in vitro-grown’ crystals were soaked in the same 
standard solution as the ‘tick-grown’ crystals and 16° 
precession photographs were taken for comparison. e 

[he ‘in vitro-' and ‘tick-grown’ crystals are both ortho- 
rhombic and, since extinctions are observed for h+k odd 
for general Akl- and for / odd for 00/-reflections, belong to 
Space group C222). The cell dimensions are a=84.5 +0.05 Æ, 
b=89.9+0.1 A (ref. 5), c=83.1+0.05 A and they are the 
same for the two types of crystals. On the basis of the 
observed range of Vy values for a variety of protein 
crystals", there can only be four haemoglobin molecules 
(molecular weight 64,500 each) per unit cell. The Vu value" 
is then calculated to be 2.45 A’ per dalton. The alternative 
of eight tetramers per unit cell would lead to the unrealistic- 
ally low Vy value of 1.22 A* per dalton (<0% crystal sol- 
vent). Since space group C222, has eight general positions” 
the haemoglobin tetramers must lie on the crystallographic 
axes parallel to either the a or the b axis as has been found 
for reduced horse haemoglobin’. The intensity patterns to 
2.8 A resolution are identical on visual inspection for 
‘In vitro-’ and ‘tick-grown’ crystals (Fig. 2) and we there- 
fore conclude that the ‘tick-grown’ crystals are in fact 
composed of guinea pig haemoglobin. 

In order to exclude even small changes, such as scission 
of the chain at one or a few discrete points or limited de- 
gradation from the termini, which might explain why 
guinea-pig haemoglobin crystallises so readily in the midgut 
of O. moubata, we analysed the ‘tick-grown’ crystalline 
material by sodium dodecyl sulphate-pofyacrylamide gel 
electrophoresis’ (12.5%, gels, cross linked 1: 15). The sharp- 
ness of the protein bands was dramatically increased by 
using sodium phosphate instead of Tris-HCI buffer. ‘Tick- 
grown’ crystals were thoroughly washed with standard 3 M 
(NH,).SO, solution, to remove any non-crystalline material, 
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Fig. 3 Spectra from single ‘tick-grown’ crystals. Crystal from 
gut of male tick 6 d after blood meal on guinea pig (——). 
Crystal from gut of male tick 30d after meal (----). Same 
crystal (30 d after meal) after addition of KCN to 0.01 M (~~~). 
The methaemoglobin peak at 630 nm disappeared after addition 
of KCN, Spectra were taken on the universal microspectro- 
photometer of the Wissenschaftlicher Dienst/Kriminalpolizei 
Zuerich. The wavelength scale is given by the dispersion of the 
quartz monochromator (M4QILL). Solvent was 3 M ammonium 
sulphate, 0.1.M potassium phosphate buffered at RH 6.7, 
saturated with CO. Specific absorption maxima occur for CO- 
haemoglobin at 540 and 570 nm, for aquomethaemoglobin at 
631 nm, and for cyanmethaemoglobin at 540 nm. Conclusion — 
guinea pig haemoglobin crystallises in tick gut in oxy-form but 
transforms in vivo into methaemoglobin crystals with time. 


and subsequently dissolved in sodium phosphate buffer. The 
emain haemoglobin component of guinea pig blood served 
as a reference. In these conditons are a and B chains of 
guinea pig haemoglobin are clgarly separated in the crystal- 
hae material and the reference haemoglobin. The Rp values 
are 0.452 and 0.502 for the two bands of the crystalline 
material and 0.448 and 0.491 for the reference haemoglobin. 
Calibration with lysozyme, human globin A and myoglobin 
and the difference in relative mobility between a and 
E chains of guinea pig haemoglobin yielded a difference in 
molecular weight of about 650. In human haemoglobin” 
the difference between a and B chains is 741 daltons. On 
ageing the guinea pig haemoglobin preparation gave 
broader electrophoretic bands as observed for carp haemo- 
globin". The combined probe of ‘tick-grown’ crystalline 
material and fresh haemoglobin showed only two bands 
demonstrating the lack of significant fragmentation or 
extensive degradation from the termini. Removal of only 
one or two residues cannot be entirely excluded. 

A still more sensitive test for the conformation of 
haemoglobin and the oxidation state of its iron in ‘tick- 
grown’ crystals is visible absorption spectroscopy on single 
crystals and comparison with absorption spectra of haemo- 
globin in solufion’. Conversions of crystalline haemoglobin 
were followed by recording spectra from single crystals of 
different age (Fig. 3) obtained at different time intervals 
after the blood meal. Immediately after dissections the 
contents of the midguts were brought under a CO atmos- 
phere to freeze the momentary equilibrium between Fe’* 
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and Fe**. From Fig. 3 we ‘conclude that haemoglobin 

crystallised in the tick midgut in the oxy-form but with — 
time it transformed int§ methaemoglobin. This, however, .~ 
is not the end state of the crystalline haemoglobin. since 
the absorption spectra of single crystals from a tick dis- 
sected 15 months after its last blood meal show a typical 
haemichrome absorption spectrum with a single absorption 
maximum at 537nm and a shoulder at 565nm (Fig. 4, 
solid line). On soaking in a cyanide-containing solutio 
(standard 3M (NH)SO, 0.01M KCN) the absor 
maximum at 537 nm shifts to 540 nm and the should 
565 nm almost disappears (Fig. 4, dashed line). Thus. 1 
haemichrome is not yet entirely in its irreversible sta 
since, on KCN addition, it can be partially converted to 
cyanmethaemoglobin. Apparently with time methaemo- —__ 
globin in the ‘tick-grown’ crystals transforms in vivo into 
haemichrome. The transformation to haemichrome is not ._ 
associated with cracking of the crystals since, in X-ray o 
diffraction experiments, the haemichrome-containing 

crystals still diffract well and behave as single crystals. . _ 

From the above it is clear that partial degradation or 
conformational changes are not the cause of the crystallisa- 
tion of guifea pig haemoglobin in the midgut of 
O. moubata. Other factors which could effect crystallisation 
are changes in pH, osmolarity, or concentration of the 
blood meal. 

The osmolarity of midgut fluid and of guinea-pig blood 
determined with a Knauer Halbmikro-osmometer was 300 
milli-equivalent per kg. Changes in the osmolarity are there- 
fore not responsible for the crystallisation. 

Directly after a meal the midgut fluid pH is 7.5. It drops 
later to 6.5. This decrease initiates earlier in males (from 
the 6th day after the meal) than in females (from the 12th 
day). It is not clear whether this pH drop triggers. the 
crystallisation. Other rodent haemoglobins are relatively. - 
insoluble in acid environment. The decrease in pH could .- 















Fig. 4 Spectra from single ‘tick-grown* crystal. Crystal showing =o 
spectrum of haemichrome (—~—-). Same crystal, spectrum partially 9 
converted to cyanmethaemoglobin after “addition of KCN to 
0.01 M (~~~). Conditions as in Fig. 3. Conclusion--methaemo- 
globin crystals in vivo undergo transformation into haemichrome 
not associated with cracking of the 
crystals. : 


crystals with time, This is 
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also be caused by loss of Raemoglobin from solution on 
crystallisation. Jn vitro experiments show that a decrease 
in pH results in an increased solubifity of guinea pig haemo- 
globin. So it seems more likely that the decrease in pH 
is a result of the crystallisation (and of cellular disintegra- 
tion processes) rather than its cause. 

Concentration of the meal takes place by elimination of 
water through the coxal organ’®. The concentration factor 
of guinea pig haemoglobin in the midgut fluid compared 
with haemoglobin in guinea pig blood was determined by 
Drabkin’s method" on 10 x1 of fluid or blood. For ticks, 
dissected 2 h 45 min after their blood meal, a concentration 
factor of about 1.9 was found which compares well with the 
value of 1.72 found by Kaufman“ 2h after completion of 
the blood meal. Crystallisation in the midgut starts only 
after several days, thus the initial, about 2-fold, concen- 
tration of the meal is not directly responsible for it. It ts, 
however, possible that concentration of the meal, after 
the initial steep phase, goes on at a reduced rate and thus 
eventually triggers crystallisation. 

Guinea®*pig haemoglobin crystallises in the midgut of the 
tick ©. moubata as oxyhaemoglobin and, with time, trans- 
forms to methaemoglobin and then to haemichrome without 
disruption of the crystals. Partial haemoglobin degradation 
or changes in pH or osmolarity of the midgut fluid are not 
responsible for crystallisation. Continued concentration of 
the blood meal may have a role. 

In tick biology, the crystals seem to have an important 
but not essential role in the preservation of the nutrient 
reserves since Argasids fed with» human blood (which does 
not crystallise’?) may also starve for very prolonged periods. 
It is not known how the nutrient stored in the crystal 1s 
made available for intracellular digestion by the starving 
tick. Distortion of the equilibrium between solid state 
(crystals) and liquid state (midgut fluid) by the digestive 
activity of the midgut cells, however, could lead to a 
gradual solvation of the crystals. 
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Effect of a tumour promoter on myogenesis 


Evipance that viruses and chemical carcinogens alter the 


ongoing synthetic programme of cells has been pre- 
sented”, Chondroblasts and melanoblasts transformed 


with a temperature-sensitive Rous sarcoma virus cease 
synthesising the chondroblast-unique sulphated proteoglycan 
and melanin, respectively’. Stwfted to  non-permissive 
temperature, these cells re-initiate the synthesis of the 
chondroblast-unique sulphated proteoglycan and melanin. 
Similar results have been obtained using chick myogenic 
cells'’. Normal presumptive myoblasts undergo a limited 
number of replications, yielding postmitotic, mononucleated 
myoblasts. Postmitotic myoblasts initiate the synthesis of 
muscle-specific myosin heavy and light chains and fuse 
into myotubes’. In contrast, ts-viral transformed, myogenic 
cells continue to replicate, do not initiate the synthesis of 
muscle-specific myosins and do not fuse. 24-48 h after 
shifting to non-permissive temperature, many transformed 
myogenic cells withdraw irfeversibly from the cell cycle, 
initiate the synthesis of muscle-specific (unpublished data) 
myosins and fuse. Apparently when the transformation 
factor is expressed the cells do not withdraw from the 
cell cycle, and as a consequence of being forced to cycle, 
do not terminally differentiate. To probe the mechanisms 


Fig. 1 Phase micrographs of living 4-d primary muscle cultures 
grown in a, normal medium and 4, normal medium plus PMA. 
The myotubes may achieve lengths of over 1 mm, may contain 
hundreds of postmitotic nuclei, and contract spontaneously. The 
replicating mononucleated cells in both cultures are in various 
compaytments of the myogenic and fibrogenic lineages, and 
cytologically the cells in these lineages cannot be distinguished. 
The vast majority of cells in PMA-treated cultures are small 
bipolar cells. Under higher magnification occasional bi- and tri- 
nucleated cells are observed in the PMA-treated cultures; the 
frequency of such cells is less than | per 10° mononucieated cells. 
The multilayered arrangement and overlapping of cell protesses 
demonstrates the absence of density-inhibited replication and 
migration in the PMA-treated cultures. 
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that might be common to the generation of terminally 
differentiated cells from normal precursor cells, and to 
the generation ‘of malignant cells from normal precursor 
cells, we studied the effects of phorbol-12-myristate-13- 
acetate (PMA) on myogenesis. Of the purified phorbol 
esters, PMA is the most potent as a tumour-promoting 
agent and as a mitogen” 
mimics some of the effects of the Rous sarcoma,tumour 
agent on myogenesis. 

Primary myogenic cultures were prepared from muscles 
of I1-d-old chick embryos’. PMA (510° M) was added 
at various times. Muscle-specific myosin heavy chains were 
assayed, using antibodies specific for muscle heavy chains. 
Some properties of these myosin antibodies are detailed in 
Fig. 2 and refs 6 and 7. The actomyosin was extracted 
from cells by the method of Adelstein et al.. Muscle- 
specific myosin light chains were determined by running 
partially purified actomyosin extracts in SDS-—polyacryla- 
mide gels’'*. Postmitotic, Mononucleated myoblasts were 
collected by treating primary cultures with Cytochalsin-B*'"" 
or EGTA plus cytosint arabinoside (Ara-C) ". i 

A micrograph of a control 4-d culture is shown in 
Fig. la. Over 50%, of all nuclei were in myotubes. The 
myosin heavy chains from these cultures formed a single 
precipitin band with antisefa against muscle myosin (Fig. 
2). Actomyosin extracts in SDS-polyacrylamide gels 
exihibited muscle-specific, fast myosin light ghains, LC, and 
LC», with molecular weights of 25,000 and 18,000 (data 
not shown)'*"’. 

Figure Ib is a micrograph of a culture reared con- 
tinuously in PMA for 4d and clearly shows the absence 
of myotubes. Myosins from these cells did not form 
precipitin bands with antibody against muscle-spécific 
myosin (Fig. 2). Furthermore, the light chains from these 
cells co-migrated with the light chains from presumptive 
myoblasts or fibroblasts and have MWs of 20,000 and 
16,000. 

When myogenic cells grown in PMA for 6d were 
shifted to normal medium, many withdrew from the cell 


cycle and terminally differentiated within 24-48h. In 
another series cells were subcultured in PMA for I or 2 
passages. During each passage the number of cells 


increased over sevenfold (Table 1). The cells did not fuse 
during these subcultures. At the end of the first or second 
subculture the cel were shifted to normal medium. 
Within 24-48 h many cells withdrew from the cell cycle, 
fused and terminally differentiated. The ratio of myotube 
“nuclei/total nuclei in these ‘reversed’ cultures equalled 
that of primary cultures. These findings, and additional 


We report here that PMA, 


539 
Fig. 2 Control and 
PMA-treated cultures 
were extracted for acto- 
myosin and diffused 
against antibody to ad- 
ult chicken skeletal 


mysoin. In the experi- 
ment shown, this par- 
ticular myosin antibody 
in Ouchterlony tests 
did not form precipitin 
bands against C pro- 


tein**. Similar anti- 
bodies did not pre- 
cipitate myosin from 


chicken cells (replica- 
ting presumptive myo- 
blasts, fibroblasts, me- 
senchyme, smooth 
muscle, embryonic 
nerve cells or Rous- 
transformed myogenic cells grown at permissive temperature) or 
human blood platelets or mouse Lcells. This antibody did form 
precipitin bands with acto-myosin extracted from (1) postmitotic 
precipitin bands with acto-myosin extracted from (1) postmitotic, 
mononucleated myoblasts, (2) normal myotubgs and (3) 
myotubes that formed when Rous sarcoma ts-transformed 
myogenjc a were reared at non-permissive temperature 
(refs. 6, 7, 16, 18 and unpublished results), Actomyosin 
solutions, antibody solutions and gels were equilibrated 
with 0.4 M KCI 0.03 M phosphate buffer, pH 7.3: 40 wl of 
solution were placed in each well and allowed to diffuse at 
4 C for 48 h. The gels were washed on phosphate buffer for 24 h, 
Stained with thiazine in H,O and destained with 1°% acetic acid. 
Wells are numbered clockwise and the upper right-hand well is 
no. 1. The centre well contains antibody to adult skeletal chick 
myosin. Wells 1, 3 and 5 contain 4 mg mi~’ actomyosin from 
control cultures. Wells 2, 4 and 6 contain 5 mg ml ~ actomyosin 
from PMA-treated primary cultures. In other experiments, 
similar results were obtained when the protein concentration of 
actomyosin from cells reared in PMA was four times that of con- 
trol cultures. Lastly, fluorescein-labelled antimysoin experiments 
performed as described in refs 7, 25 yielded results consistent 
with the agar diffusion tests. For this photograph the stained gel 
served as a negative. 
autoradiographic data are shown in Table 1. The mito- 
genic effect of PMA (Table 2) preceded fusion, which in 
these cultures begins on day 3 and peaks on day 4. This 
type of mitogenic effect with PMA is also observed with 
ts-transformed myogenic cells and with cells that have 
incorporated BudR into their DNA”. 

The follwing experiments demonstrate that the mito- 
genic target of PMA was the replicating presumptive 
myoblasts and fibroblasts, and that PMA was not a mitogen 
for nuclei in the definitive, mononucleated myoblasts or 
the nuclei within myotubes. Mononucleated myoblasts 
synthesising muscle-specific myosins were collected by 
treating primary cultures with cytochalasin-B or EGTA 





a 
Table 1 Autoradiographic analysis of standard, PMA-treated and PMA-reversed myogenic cultures 


% Of all labelled nuclei per dish 
Postmitotic nuclei in 


Nuclei in mononucleated 


ells 
Standard 4-d 26 
primary cultures 20 
4-d PMA-treated 5| 
primary culture 46 
PMA-treated primary culture 28 
subcultured into normal 
medium 
PMA-treated 52 
primary culture 59 


subcultured into 
PMA-medium 


% of all unlabelled nuclei per dish 
Nuclei in mononucleated Postmitotic nuclei in 


myotubes cells noe 

0.2* 28 

<0.1* 25 55 
0 49 0. 
0 52 0 
\* " 20 51 
0 AR o 0 
0 4] 0 


Late 3-d cultures were exposed to “H-TdR for 10 h, processed for aytoradiography, and cells counted as described'*. Initial inoculum 0.5 x 10° 


nuclei per 35-mm Petri dish. In standard 4-d cultures there were 3 
myotubes. In PMA-treated primaries there were 4 < 10° to 5 » 


10° to 4 = 10° nuclei per dish, of which roughly 50°, were postmitotic and in 
10" nuclei per dish, virtually all mononucleated. Secondary cultures of PMA-treated 


cells ifagain grown in PMA achieved densities of up to6 =» 10* nuclei per dish after 4d. If, however, PMA-treated primaries were grown as secondaries 


‘n normal medium, they again achieved densities of 3 x 10° to 4 


10° nuclei per dish, of which 50°, were postmitotic and in myotubes. Additional 


experiments are required to determine what percentage of unlabelled mononucleated cells in both types of culture were in fact (1) definitive 


postmitotic myoblasts, and (2) myogenic and fibrogenic cells that simply did not enter S durin 
normal and PMA-treated cultures did not cease replicating when confluent, but multilayered. 


g the period in *H-TdR. It should be stressed that 


*The small percentage of labelled nuclei in myotubes were due to the fusion of labelled daughtgr cells whose mothers passed through at least 


the later part of S and then divided during the 10 h the cells were in “"H-TdR. 
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Table 2 DNA determination of controls and PMA-treated cultures 
DNAecontent (ug per dish) 





Type of culture at various times 

48 h 72h 96h 120 h 
Control primary ” 52 93 144 144 
PMA-treated primary 70 147 235 292 





Each value (mean of two separate experiments performed at differ- 
ent times) represents the amount of DNA (in yg) per 100 mm Petri 

dishes. Initial inoculum 0.5 x 10° cells per ml, 8 ml per dish. DNA was 
determined by the method of Burton*4. The values for the 120-h 
cultures are difficult to interpret. In both types of cultures cells are 
lost into the medium. In the controls, entire multinucleated myotubes 
often degenerate, whereas in the PMA-treated cultures many 
mononucleated cells are displaced from the substrate and die. 


“$F a 


plus Ara-C” These definitive myoblasts were sub- 
_ cultured into medium with PMA and “H-TdR or with 
.. °H-TdR alone, and both series autoradiographed. Less than 
2% of the cells incorporated the label after 36h in both 
<o geries. In subcultures prepared from untreated primaries, 
cover 70° of the cells were labelled after 36 h. Not a single 
nucleus within a myotube was labelled when PMA plus 
."H-TdR was added after myotubes had formed. 

< Fusion is the end step of seteral distinct @vents. First, 
the generation by way of cell divisions of postmitotic, 
fustble-competent myoblasts™. Second, the mutual recog- 
nition, lateral alignment and adhesion of these postmitotic 
myoblasts"). And third, the physical event of fusion 
itself. Fusion, as determined with living cells under the 
phase microscope, requires no more than 30-60 min’. 
The following demonstrates that,ein addition to acting as 
a mitogen, PMA blocks the physical event of fusion. 
Fusible-competent, postmitotic myoblasts were collected 
from cultures treated with cytochalsin-B or EGTA plus 
Ara-C, When these myoblasts were subcultured into normal 
medium, over 60% fused within 15-20h. When these 
definitive myoblasts were subcultured into medium with 
PMA, fusion was blocked, although as mononucleated 
cells they continued to synthesise the muscle-specific 
myosin heavy and light chains. 

With respect to promoting cell replicttion, PMA-treated 
--imvogenic cells mimic the behaviour of myogenic cells 
transformed with ts-Rous sarcoma virus, and of myogenic 
cells that incorporated BudR into their DNA. Possibly 
PMA, the ts-virus and BudR all exert their common 
effect on myogenesis by forcing cells in the penultimate 
compartment of the myogenic lineage to replicate. In 
addition, however, PMA, but not the virus or BudR, blocks 
the event of fusion. It may be that PMA acts directly on 
`- the cell surface of replicating presumptive myoblasts and 
= postmitotic myoblasts. The former are inhibited from 
< pulling out of the cell cycle, the latter from fusing. In any 
> case, the final effect of such dissimilar agents as Rous virus 
| transforming factor, BudR, and PMA seems to be to force 
presumptive myoblasts to undergo proliferative cell cycles 
= which in turn precludes the flipping of the ‘master-switch’ 
< which permits activation of the synthetic program of the 
post-mitotic mononucleated myoblast™ Te 
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Human LD antigens are 


present on xenogeneic cells 

THe mixed leakocyte culture (MLC) reaction is largely a 
measure of specific responsiveness of thymus-derived 
lymphocytes to foreign allogeneic and xenogeneic major 
histocompatibility complex (MHC) controlled LD anti- 
gens’. In view of the remarkable primary structure homo- 
logies of MHC-controlled SD antigens between humans and 
mice’, we have investigated whether MHC LD antigens 
have also been conserved in evolution by studying the 
extent of LD sharing between different species. Using the 
primed lymphocyte typing (PLT) test, we have found 
extensivee sharing of LD antigens between humans and 
monkeys, and less, but still significant, sharing between 
humans and dogs and humans and cattle. In no case was 
there evidence that mouse LD antigens were shared with 
those of humans. : 

Human lymphocytes cultured in primary allogeneic MLC 
proliferate extensively and revert to small lymphocytes by 
day 10. If then restimulated with the original sensitising 
cell these primed lymphocytes (PLT cells) give a much more 
rapid proliferative response, which can be assayed by 
‘H-TdR incorporation as early as 24h. This secondary, or 
typing, response is specific for HLA LD determinants and 
is also elicited by random restimulating cells (test cells) 
that share LD determinants with the original sensitising 
cel’. PLT cells can also be generated in xenogeneic 
combinations and appear specific for the LD antigens of 
the sensitising species’. 

If individual hunfan cells are sensitised to a pool of 20 
allogeneic stimulating cells, the resulting PLT cells (pool- 
PLT cells) seem sensitised to essentially all human LD 
determinants, as virtually any human test cell used for 
restimulation elicits a strong secondary response’. Test cells 
that elicit a poor secondary response from a pool-PLT cell 
must either share LD determinants with the responding 
cell or carry LD determinants that are not represented in 
the sensitising cell pool. The primary MLCs between test 
and responding cells distinguish between these two possi- 


ə bilities. The magnitude of the secondary response correlates 


very well with that of the primary MLC (r=0.89) (Fig. 1). 
This indicates that human test cells that fail to restimulate 
a pool-PLT cell fail to do so because of LD determinants 
shared with the responding cell. The sensitising cell pool 
thus seems to include essentially all human LD deter- 
minants. 

Restimulation of a human pool-PLT cell with a xeno- 
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Fig. 1 Correlation of MLC and pool-PLT responses. Pool-PLT 
cells were generated and assayed as follows: | x 10’ human re- 
sponding cells were cultured with | x 10” irradiated, pooled human 
stimulating cells (consistingeof 20 random donors) in upright 
flasks (Falcon No. 3013) in 30 ml RPMI 1640 medium supple- 
mented with 25 mM HEPES buffer, penicillin, streptomycin and 
10% heat-inactivated pooled human plasma. A&er 10 d the cells 
were collected, resuspended in fresh supplemented medium 
and distributed to flat-bottomed microtitre plates (Linbro 
No. 1S-FB-96TC). 105 pool-PLT responding cells were re- 
stimulated with 2x 10° irradiated human (@) or monkey (©) 
stimulating cells per well. Cultures were labelled with *H-TdR 
for 8 h on day 2 after restimulation. Primary MLCs were done 
using 10° fresh human responding cells and 2 10° irradiated 
human (@) or monkey (©) stimulating cells per well and were 
labelled for 8 h on day 5 of culture. , least squares re- 
gression line for human stimulating cells (r = 0.89, P < 0.01); 
eek thas , least squares regression line for monkey stimulating 


cells (r = —0.55, not significant). ° 
* 





geneic test cell should give a positive response if LD 
determinants on the xenogeneic test cell are shared with 
hufnan LD determinants. Data for four species whose cells 
were tested for their ability to restimulate a pool-PLT cell 
(Table 1) show that in four experiments with five different 
pool-PLT cells, cells from all 10 rhesus monkeys tested 
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caused significant restimufation. This restimulation was 
44-135% of the average restimulation caused by a panel 
of random human te8t cells. There is a decreasing percent- _ 
age of positive responses as well as percentage of restimula- 
tion by those cells that are positive. The primary MLC data $ 
show that those xenogeneic test cells that do not restimu- ` 
late the pool-PLT cell still elicit a good primary MLC | 
response from the same responding cell, indicating that the — 
LD determinants recognised on those xenogeneic cells ina 
primary MLC are not represented in the human sensitising _ 
cell pool. O 

The data obtained with the pool-PLT test show that LD- 
antigens are shared between species. The degree of sharing 
is quite extensive in rhesus monkeys, where all animals. 
tested shared antigens with human cells, and less in dogs. 
and cattle. In the 17 mouse strains we tested (11 independent _ 
and 6 recombinant H-2 haplotypes) there was no evidence | 
for LD antigens shared with human cells. i 

Even in rhesus monkeys, where all animals so far tested 
have given positive secondary responses with pool-PLT cells, 
shared specificities do not seem to be the Sole basis of- 
recognition. In addition to the human cells shown in- 
Fig. 1, fiv rhesus cells Were also tested. All of these cells” 
gave positive secondary responses, but the correlation 
between primary and secondary responses was poor (r=... 
—0.55, not significantly different from zero), suggesting that 
there are additional LD determinants on the xenogeneic” 
cells, not shared with human LD determinants, that are ` 
still recognised in a primary xenogeneic MLC. : 

Estimates of the fretuency of initially responding cells: 
in MLC to any one haplotype range from 1 to 6% (refs 6- 
8). As well as extensive polymorphism for LD antigens, in _ 
at least some cases the LD antigens controlled by twoe 
different haplotypes in the same species seem to be non-cross _ 
reactive’. We thus have to account for the ability of an _ 
individual animal to respond to all of the different LD 
antigens in its species, given the apparent clonal nature of Z 
this response'’?”’. a 

That lymphocytes can also respond to xenogeneic cells in 
MLC”: and that this response is specific and apparently — 
directed towards the MHC LD antigens of the sensitising | 
species’, further compounds the problem in a quantitative _ 
sense. To? overcome this difficulty it has been suggested — 
that allogeneic recognition is unique and, to the extent 
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, Table 1 Pool PLT-cells restimulated by allogeneic or xenogeneic test cells*t 





Xenogeneic 48 ht 5 or 6 dt 
species tested pool-PLT 1° MLC 

Rhesus AP, +A, 2,9494 AA, 1,005 
monkey +-B, 55,521 AB, 37,692 
+X, 30,418 AX, 26,811 

+ ¥, 249183 AY, 13,173 

Dog AP, +A, 1,943 AA, 1,205 
+B, 26,194 AB, 31,527 

-+ X, 11,821 AY, 17,367 

+Y, 14,263 AY, 12,973 

Cow AP, +A, 2,279 AA, 1,173 
+B, 33,485 AB, 31,723 

+X, 12,279 AX, 5,920 

+Y, 4,509 AY, 13,713 

Mouse AP, +A, 3,603 AA, 3,299 
+B, 24,835 AB, 39,750 

+X, 3,462 AX, 19,450 

+-Y, 3,254 AY, 14,470 


Range of .. 
restimulation by 
positive cells |! 
(median value) . 


No. positive§ 


No. of experiments 
Total no. tested 


(no. of pool-PLT cells) 


4(5) 10/10 44-135% 
(71%) 
5(6) 13/14 11- 97% 
(36%) 
5(5) 8/30 11-35% 
17%) 
5(7) 0/34 _ 


+All human responding cells are designated A, although different individuals were used as responding cells in each experiment. 


+A,, B,: irsadiated human stimulating cells. a 
X, Y.: irradiated xenogeneic stimulating cells of species indicate 


* 


tCultures were performed as in Fig. 1 legend, using 2 x 10° irradiated monkey or dog stimulating cells (peripheral blood lymphocytes), 





8x 10° irradiated cattle stimulating cells (peripheral blood lymphocytes), or 10 x 10° irradiated mouse stimulating cells (spleen cells depleted © 
of erythrocytes by hypotonic shock) per well. a 
SAI] animals scored as positive gave restimulation values significantly different from autologous controls (P < 0.05). 
‘Expressed as percentage of average restimulation by a random panel of human test restimulating cells. 
“c._p.m. 9H-TdR incorporation, 
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that it occurs, xenogeneic retognition simply represents 
recognition of those xenogeneic antigens identical to, or 
cross-reactive with, the LD antige of the responding 
-species™*. This would considerably limit the number of 
foreign MHC LD antigens that any animal would need 
to recognise. Our data indicate, however, that this is not 
the case. The very gignificant xenogeneic MLC seen 
between human and mouse cells, which seems to reflect 
specific recognitoin by human cells of mouse H~2 LD anti- 
gens, suggests that xenogeneic antigens can be recognised in 
MLC even when they are not cross-reactive with human 
LD antigens. 

Thus we are left with the high frequency of initially res- 
ponding cells in MLC, which must include specific recogni- 
tion of allogeneic as well as non-cross-reactive xenogeneic 
LD antigens, Models that could explain this high frequency 
ef initially responding cells have been discussed before", 
One possibility is that the LD antigens coded for by 
different haplotypes within a species are to a large extent 
cross-reactive. The high frequency of responding cells in the 
rat system With the lack of any sharing of LD antigens in 
the few haplotypes tested could be the unusual case", The 
very low number of MHC haplofypes existing in rat’ is in 
marked contrast to mice? and humans”, where cross- 
reactivity may be extensive. In fact, the high degree of LD 
sharing between humans and rhesus monkeys, and the still 
significant homologies with more distantly related species 
such as dog and cow, supports the concept that the large 
number of phenotypes that exist in all species may be based 
on the expression of different combinations of a limited 
number of determinants. 
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Circulating immune 
complexes in normal human pregnancy 

CIRCULATING antigen-antibody (AgAb) complexes are important 
pathogenic factors in various diseases. In addition to their 
inflammatory effect, immune complexes can interfere with 
cellular immunity. For instance, in cancer, the so-called blocking 
factors are apparently circulating. AgAb complexes} ?, Factors 
interfering with cellular immunity specifically directed against 
placental and foetal antigens have also been described in 
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pregnancy serum“, and some data suggest a role of immune 
complexes as blocking factors in pregnancy®. We report here 
that circulating AgAb complexes are æ constant feature of 
every normal pregnancy. This, of course, raises interesting 
questions as to the possible involvement of such complexes in 
the tolerance of the foetus by the mother. 

. Agglutination inhibition tests were carried out as before’ 
using latex suspension provided by the Behring Institute 
(Marburg, FRG). However, human rheumatoid factor (RF) 
sor Clq which failed to react with the immune complexes of 
pregnancy, were replaced by rabbit RF. RF was induced in 
rabbits by injecting | mg of autologous aggregated IgG mixed 
with complete Freund’s adjuvant intradermally every 2 weeks. 
IgG was isolated by DEAE-cellulose chromatography and 
aggregated by heating at 63 °C for 10 min. For the isolation of 
RF, the animal sera were passed through a cblumn of human 
IgG coupled to 6-aminohexyl-Sepharose 4B activated by 
glutaraldehyde*. The fraction eluted between 1 M and 2 M 
NH,SCN was used after dialysis” against saline. This fraction 
consisted almost exclusively of IgM. 2 

Rabbjt RF was inhibited by all sera from non-pregnant 
women (N==[4) at dilution titres ranging from 4 to t, whereas 
the inhibition titres of 84 sera collected from 55 women at 
various stages of normal pregnancy before the 38th week, 
ranged from + to 1/256 (Fig. 1). Those samples collected after 
the 38th week had a titre of +. The courses of two typical 
pregnancies showed an increase up to 1/128 of the RF inhibition 
titre with the advancement of pregnancy. At 3—4 weeks before 
delivery the inhibition titres dropped to levels observed in 
non-pregnant women. 

In an attempt to characterise the inhibiting factors, fresh sera 
from six pregnant women (gestation of 12-37 weeks) and with 
RF-inhibition titres ranging from zy to 1/256 were fractionated 
by gel filtration (Fig. 2). 

In all sera from pregnant women, a high inhibitory activity 
towards RF was detected in the fractions corresponding to 
molecular Sizes 210°. Sera from non-pregnant women were 
devoid of these large size inhibitory factors but, like sera from 
pregnant women, contained inhibitory factors eluted in the 
7S region. In general, this inhibitory activity was maximal in 
the ascending slope of the peak of IgG (Fig. 2). ° 

All sera from pregnant and non-pregnant women contained, 
in addition to 7S IgG, a small amount of this immunoglobulin 
eluted in a region corresponding to a molecular size ranging 
from 500,000 to several millions. On theeaverage, ‘heavy’ IgG 
corresponding to 0.27%, (s.d. 0.20) of our standard was 
recovered from 1 ml pregnancy serum, and 0.21%% (s.d. 0.16) 
from 1 ml of control serum. These two quantities did note 
differ significantly. In one pregnant woman, both IgA and IgG 
were detected in the elution zone of IgM. 

The C3 factor of complement was also found to be dis- 


Fig. 1 Inhibitory activity toward rabbit RF of sera from 
pregnant and non-pregnant women. 
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Fig. 2 Gel filtration of two serum samples (3 ml) on a calibrated 
Ultrogel AcA 22 column. a, Serum from a 24-week prégnant 
woman. b, Serum from a non-pregnant woman. The fractions 
of 5 ml were analysed by nephelometric immunossay of IgG 
(Technicon AIP system) and tested for their inhibitory activity 
towards rabbit RF. The concentrations of IgG were expressed 
in percentage of the IgG content of a pool of normal sera. 
Presence of IgA, IgM and C3 complement were followed 
similarly. Sera from age-matched non-pregnantewomen served 
as controls. 


tributed in two fractions. The major one was detected, as was 
expected, in the ascending slope of the IgG peak, and the minor 
one in the elution zone of heavy IgG. In contrast to IgG, 
however, a highly significant difference (P < 0.001) was observed 
between the amounts of ‘heavy’ C3 occurring in pregnant 
and non-pregnant women. The pregnancy sera contained 
heavy C3 corresponding to 2.5% (s.d. 0.41) of our standard 
and the control sera 0.46 °% (s.d. 0.37). 

Sometimes, the peak of heavy IgG or heavy C3 did not 
exactly match the peak of heavy inhibitory factors. Such a 
discrepancy was also observed in the fractionation of sera from 
patients with immune complex diseases. A possible cause 
could be the extreme sensitivity of RF for immune complexes 
of a certain size:’. 

To determine whether the inhibitory factors of large mole- 
cular size corresponded to antigen-antibody complexes, the 
corresponding fractions were concentrated 10-fold by ultra- 
filtration, dialysed against 0. M HCl-glycine buffer, pH 3.0 to 
dissociate the complexes, and passed through a column of 
Sephadex G200 in the same buffer to separate the antigen 
from the antibody. Five peaks of material absorbing at 280 nm 
were obtained. After neutralisation by addition of 100 pl of 1 M 
Tris solution to the 5-ml fractions, they were analysed for IgG 
content by immunonephelometry and for their inhibitory 
activity toward RF. All fractions were found to be devoid of 
inhibitory factors. IgG was detected in the third fraction which 
was eluted in the position expected for a 7S protein. 

A sample of 200 ul of each fraction was mixed with the same 
volume of each of the other fractions. After incubation at 
37 °C for 30 min. and overnight at 4 °C, the 10 mixtures were 
titrated for their inhibitory activity. Only the mixture of the 
IgG-containing fraction with the second fraction gave an 
inhibition which was still detectable after a 1/512 dilution. This 
second fraction was eluted in a position suggesting a molecular 
weight of about 400,000. The resolution at acid pH of the 


inhibitory factors into five peaks was confirmed with a serum” 


sample of another pregnant woman, and the identification of 
the material constituting each of these fractions is now in 
progress. | 

It is known that rabbit RF is capable of reacting with human 
IgG, especially when it is aggregated or involved in AgAb 
complexes’. Our gel filtration experiments clearly show that 
the increase of RF inhibition occurring during pregnancy is 
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due to the appearance of factérs of molecular sizes of between 
500,000 and several millions. The presence of IgG and C3 in 
these heavy fractions and the dissociation-reassociation experi- 
ments leave little doubt about the AgAb complex nature of 
the heavy inhibitory factorse It remains to be explained, 
however, why rabbit RF was inhibited by heavy serum fractions 
from pregnant women and not from non-pregnant women, 
despite the fact that these fractions contained the same amount 
of IgG. This discrepancy might be due to a difference in the 
IgG subclass involved in the complexes. The hypothesis that 
rabbit RF would preferentially react with certain human 
subclasses of IgG is suggested by the elution pattern of the 
inhibitory factors detected in the 7S region. In sera from most 
pregnant and non-pregnant women, the maximal inhibition- 
in the 7S region was found where material with a molecular 
size of about 170,000-200,000 was eluted. This inhibitory factor, © 
therefore might correspond to IgG3, which has a molecular 
weight of 172,000 (ref. 10). . 

It has been reported that healthy individuals may possess 
IgG endowed with RF activity which can form an immune 
complex with other IgG molecules by a séff-association 
mechanigm”. The heavy IgG that we have detected in control 
sera presumably correspond to this type of complex. But, the 
type occurring during pregnancy seems clearly different since 
it contains larger amounts of C3 and an antigen which was not 
IgG but a substance with an estimated molecular size of about 
400,000. We presume that this antigen originates from placental 
or foetal tissues. 

The detection of circulating AgAb complexes in the serum of 
pregnant women opens Several new perspectives. In gynae- 
cology, the determination of immune complexes seems to be 
a possible test for monitoring the evolution of pregnancy. In 
pathology these immune complexes might be recognised as the , 
pathogenic factors of preeclampsia, especially in view of the: 
observation that deposits of IgG and C3 have been detected 
in the renal glomeruli of normal pregnant guinea pigs and 
mice!*, In immunology, investigations of the blocking effect 
of immune complexes of pregnancy, and identification of the 
antigen and antibody involved may clarify the intriguing 
mechanism responsible for the immune tolerance of the mother 
toward the foetus. 
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- Y-antigen killing by T cells ` 
of women is restricted by HLA 


_ Cytotoxic T cells are important in graft rejection and in the 
control of virus infections, but the mode of interaction of these 
cells with their targets, particularly in man remains unclear. It 
has been shown in mice that products of genes in the major 
histocompatibility complex (H-2) are involved in these inter- 
actions even when the cytotoxic T cells are specific for viral or 
non-H-—2 antigens. This involvement is seen as the requirements 
that the target cell must express the specific non-H-2 antigen 
and in addition the same H-2, D or K region antigens as were 
present on the cells which initiated the immune response! ~*., 
«Cytotoxic T cells specific for viral or non-H-2 antigens are thus 
restricted in the targets that they can kill by the H-2 antigens 
= on the targets. For example, cytotoxic T cells from H-2° female 

‘mice suitably primed to the Y antigen of H-2° males, will only 
kill cells frof male mice carrying an H-2D region derived from 
-H-2* (refs 5, 6). This report is to our know ledge the first clear dem- 
onstration that a similar restrictiorPoccurs in man. We'describe a 
_-situation in man where cytotoxic reactions specific for non-HLA 
antigens can only occur when target cells carry both the HLA- 
A2 antigen of the original sensitising cell and the non-HLA 
target determinant(s). The strong association with maleness 
suggests that one of the specific antigens involved was coded 
for by the Y chromosome. 





Table 1 Killing pattern of cells from patient Reef. against her own 
target cells and those from other family members 


pemarem mau auraya riea rene 








Targets HLA compatibility %4 Killing of CML 
with patient 
Donor & ac* yes 63F 18ł 
Patient Y ac yes — | NT 
sib 5 3 ac yes 63 NT 
Sib 3 g ad e no . 53 13 
Sib 4 Y ad no 31 NT 
Mother ¥ cd no 4 0 
sind Lesa el casita unless 


Table 1 shows percentage of chromium release of tes®s in which the 
pe s cells were tested against members of her family. NT, not 

teste 

*HLA haplotypes: a, A2, BW40, W6, CW3; b, A2, BW40, W6, 
CW3: c, A2, B12, W4, —; d, AW3Í, BW35, W6, CW4. 

#Resulis after in vitro sensitisation to donor. 

Results without previous in vitro sensitisation. MLRs between 
donor, patient and sib 5 were sufficiently low to exclude the possi- 
l bility of a recombination between HLA-B and HLA-D. 


` Our study began with an observation that a female patient 
= (Reef) who had been suffering from aplastic anaemia rejected a 
z bone marrow graft from her HLA-identical brother. Before this 
rejection, a transient chimaerism of peripheral blood cells 
indicated that the graft had initially taken. Rejection was 
= accompanied by a spontaneous recovery of the Ratient’ s bone 
> marrow haemopoietic function, thus allowing further investiga- 
- tions, Peripheral blood lymphocytes from the patient were used 
as effector cells to measure the [evel of cytotoxicity against 
target cells from the patient’s family and an unrelated panel. 
< The patient's lymphocytes were first restimulated in vitro by 
incubating them for 6 d with irradiated stimulator cells from her 





<O HLA identical brother. Cytotoxicity was measured using an 


© isotope release assay’ with target cells which had been incubated 
© with phytohaemagglutinin for 3d and then labelled with 
io sodium *chromate. Effector cells (70 10') and target cells 
(1x 104) in RPM-1640 plus 20% heat-inactivated human AB 
>o serum were incubated for 4 h jn round-bottomed microtitre 
plates, Plates were centrifuged for 5 min at 200g and the super- 
natant removed and counted in a y-counfer. Each cell combina- 
tion was tested in triplicate. After subtraction of background 
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the percentage of isotope release was calculated Se to 
the following formula: 


experimental mean — mean 
e of spontaneous release 
freeze-thaw mean (100° release)—- mean 
of spontaneous "release 


x 100 = % kill 


+ 


In our initial studies performed 31 weeks after grafting, cy- 


* totoxicity was demonstrated against the donor’s lymphocytes 


even when the patient’s cells had not been restimulated in vitro 
(Table 1). This suggested that killing was to a non-HLA target 
as the donor was HLA identical to® his sister. Three further 
experiments were performed using effector cells from the 
recipient sensitised to the donor and using, cells from an un- 
related panel as targets. HLA phenotypes are : shown in T abje 2. 


kad 


Table 2 Positive and negative killing by cells from patient Reef 
against target cells from unrelated individuals 





- 3 HLA Phenotypes ° ne 
HLA-A HLA-B HLA-C Sex Kill 
(Expt 1): 1 2* W3l W35 W40 CW3CW4 3 30 
week 42 2-2 IE WIS W40 — CW4 3 B 
zol 2 8 W40 — NT ëg 28 
4 | 28 W17 W22 — CWI 3 >l 
5 9 li 5 W2I — CWI 3 >l 
6 2 W3!I 12 W35 — CW4 & 0 
7 1 2 8 W22 — == po = l 
8 - li — 27 — CWI ¥ —3 
911 W26 WI6 W35 — CW4 & 2 
10 1 W3i 8 W40 — CW3 2% ~l 
Positive control 2 2 12 W40 —— CW3 g 60 
(donor) «+ 
(Expt 2) 
week 52 Iil 1 2 8 W40 — CW3 g 44 
i2 2 3 7 R e — $ 47 
13 3 W30 W35 W40 NT 3. 9 
14 2 3 7 W40 NT ¥ 4 
PER 3 7 W40 NT ł =l 
16 2 3 7 W40 NT §$ 3 
17 2 9 5 W40 — CW3 & 15 
18 1 2 8 W40 — CW3 6 
19 1 a 8 — — ¢F -l 
20 2 3 7 R — — s 
21 — 9 12 W40 — CW 3 6 
22 11 W31 WIS Wi7 — CW3 ¥ >l 
Positive control 4 2 12 W40 — CW3 3 4 
(donor) 
(Expt 3) 23 * 3 18 27 CW2CW4 3S ~3 
Week 72 24 1 9 8 27 CWI 3 0 
25 — 3 WI B — — 3 3 
26 1 2 5 5 — CW4 GF ~—2 
27 2 W32 8 WIS — CW3 2 -3 
28 3 W26 — W35 — CW4 ẹẸ 1 
2910 28 W35 HR — CW4 & 0 
30 — 9 7 WIS — CW3 ¢ l 
31 1 3 W25 W40 CW2CW4 9 ~ 3 
32 1 9 18 W35 — CW4 ẹ ~1 
33 I 3 ~~ W35 CW3CW4 } = ] 
34 i 28 5 Bo = E -3 
35 3 W30 7 WI7 — “CW3 § -3 
36 I 9 8 W40 — CW3 4 0 
Positive control 2 2 12 W4 — CW g 13 
{donor} l 





NT, not tested. l 
*The HLA antigens ompa with patient Reef are underlined. 
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In several cases pogitive reactions were observed. The level of 
killing seemed to decline with time, and the gradual waning 
- seemed to be associated with the patient’s recovery. Family 
segregation studies were performed on the relatives of 
positive panel members. In three such studies the killing pattern 
failed to segregate with the HLA haplotype, again confirming 
that killing was directed to a non-HLA target or targets 
(Table 3). , 

We have searched for HLA restriction of killing, and a sub- 
‘sequent. retrospective analysis revealed a strong associatiors 
¿>with HLA-A2. All targets that were killed carried the HLA-A2 


antigen, although not all HLA-A2 cells were killed. The pos- 


sibility that a split in HISA-A2 specificities was being recognised 
was excluded by the family studies (families 2 and 3, Table 3), 
Here the HLA-A2-bearing haplotype was associated with 
killing when expressed in one cell, but when expressed on 
another cell this haplotype was not associated with killing 
(family 2—c haplotype, family 3—a haplotype). Also, in 
family 3, no killing was associated with the antigen HLA-A28 
which by serology was highly cross-reactive with HLA-A2. 
Further analysis revéaled that 15 out of 17 targets that were 
killed were male. Target cells from all fifteen of the HLA-A2 
males were killed (Table 4) but cells from males not carrying 
HLA-A2 were not killed. Cells derived from two females were 
killed—-both females were alfo HLA-A2 positive, but the level 
of killing was at a lower level than that observed with other 
positive reactions in the same test. This suggested that at least 
two specificities were involved, one associated with the Y 
chromosome exclusively and the other carried by a proportion 
of A2 females. One of the females that gave target cells showing 
positive killing was a sister of the patient (Table 1). The presence 
of the second system in the males will have been masked by the 
killing specific for the Y antigen. A clear example of the inde- 
pendent inheritance of an HLA-A2 gene product and the pre- 
sumed Y product was shown in family 3 (Table 3). Here 
the HLA-A2 specificity inherited by the male child Cl was from 





Table 3 Pattern of killing of a non-HLA target by effector cells (raised 
between the patient Reef and her donor) tested on 3 families 


Famil I HLA haplotypes Sex °% Kill 
week 64) 

Target s 

Mother ab 1, 8, W6/2, W22, W6 o g 0 
Father cd 1, 8 W6/2, W40, W6 3 23 

Ti ac Q 0 

C2 ad 5 19 

C3 be g 23 
Family 2 

(week 64) 

Mother ab 3, 7, W6/1, 8, W6 | s -~ Í 
Father cd 2,12, W4/2, W40, W6, CW4- J 42 

Ci aco g 34 

C2 be ‘Q 5 
C3 ad 3 4i 
C4 ac & i 
C5 be Š 

Family 3 

(week 72) . 

Mother ab 2, W40, W6, CW3/28, 12, W4 Q 1 
Father cd 1, 8, W6/2, W35, W6, CW4 Š 13 
Ci ac 3 15 
C2 be g -l1 ° 
C3 pc 3 2 





In family 2 the female C2 inherited the A2 from the father and was 
not killed, but her brother who inherited the same A2 was killed. In 
family 3 the male C1 inherited the A2 from the mother and was killed, 
but C2 and C3 did not inherit A2 and were not killed. The weeks 
~ Tepresent the time after bone marrow grafting that the family studies 
were performed. Compatibility with patient is underlined. 


University Hospital, . 





Table 4 Y chromosome linkage of non-HLA. fat saa restriction of 
_ ‘killing fo HLA-A2 positive ashe es Pa 















Sex of HLA-A2 targets 
i. F 


same exper iment. 








the mother’s a-haplotype. Cells from the two other m 
children were not killed. : 
These results demonstrate that the elak c 
reactions of the patient’s lymphocytes are specific for non-HLA 
antigens but restricted by an HLA product i in as much as only 
targets carrying HLA-A2 are lysed. This is very similar to the 
restriction seen with murine cytotoxic T cells reacting with 
non-H-2 antigens! ®, i 

We have not yet unambiguously identified” the effector : 
mechanigm i in this human cell-mediated cytotoxicity system but 
feel it is not an antibody“dependent system as the cytotoxic : 
reactions occurred in 20%, heat-inactivated human -AB serum, © 
In these conditions it has been impossible to measure antibody — 
dependent cell-mediated cytotoxicity (L. Doyer, personal 
communication). This is important as serum from the patient 
Reef, when tested against the panel members (Table 2) using: 
the two-colour fluorescence technique*, gave a positive reaction . 
with some target cells that were positive in the cytotoxicity test, 

Our observations of male-associated killing are analogous to. 
those of Gordon et al. in the mouse’. In. their. case, 
cytotoxicity was only observed after in vivo sensitisation with a 
male skin allograft followed by in vitro priming. The clinical 
relevance of the Y-associated killing phenomenon is that it is 
probably an in vitro reflection of the known inefluence of sex on. 
the incidence of graft against host disease in bone marrow 
transplantation between HLA identical siblings’. In kidney | 
grafting, several workers have observed that female recipients 
of male grafts survived longer than female recipients of female- 
grafts (ref. 10, and Kissmeyer-Nielsen, Opelz and Terasaki, 
personal communication). This was interpreted by Oliver to — 
indicate tht the Y-linked histocompatibility antigen may ace. 
tively induce a prolongation of renal allograft survival in man. 
Although these results contrast with our own, they should be — 
interpreted with caution as HLA-A2 positive combinations were- 
not separately analysed, and some modes of immunisation to. 
the Y-linked histocompatibility antigen may result in Protective : 
immunity. ; 

We thank Dr Alan Munro for discussions, Miss E. Biokland 
for technical assistance and Miss C. S. L. Mackenzie and 
Mrs C. Petit-Gerris for secretarial assistance. 7 ; 
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a 7 ay s0 Thymocytes Tcell lines * B-cell tines | 
Selective cellular natural killing Thy-1 Thy-3 Thy-a Hse CERE o sge JY wal 
against human leukaemic T cells and thymus goa ihe | 
NATURALLY-occurring antibodieS against thymocytes, certain E ° : 2 | 
leukaemias and other tumour cells have been observed in Zw. es | 
various species including man®?. In addition, natural cellular ° 2 | ° ; Ss 
immunity—also known as cellular natural killing (CNK)—has 8 m A of ‘ D  tne 


been described recently in man? ~ë and in mice*~*. The possible 
role of CNK in tumour surveillance and the nature of the 
effector cells are presently subject to extensive research. Re- 
latively little is known, however, about the nature and sensitivity 
of the target cells in relation to CNK. We report here that 
human leukaemic T cells and human thymocytes are highly 
sensitive to CNK by normal human peripheral blood and that 
B cell lines are relatively insensitive. The response seems to be 
unrelated to HLA and expressed variably by different 
individuals. 

Tumour cells with T- and B-cell characteristics as described 
in Table 1 wgre cultured in minimal essential medium (MEM) 





Table 1 Characteristics of tissue cultured human lymphoi€ cell lines 
OOOO emailer EE a arptatcrAnAnrnnnmteIimnriTseArHOTS Eh HerQARODN APTI TE IT LATE tcc 





*Cell lines originally established in culture and kindly provided by 
DrD., Mann. 

+Cell line originally established in culture and kindly provided by 
Dr R. Gatti. 


supplemented with 10% foetal calf serum (FCS). HSB and SB 
were obtained from the same individual; HSB is a leukaemic 
T-cell line, SB is a B ctll established from the patient’s peri- 
pheral blood leukocytes (PBL) in culture. CCRF-CEM is 
another leukaemic T cell and JY, TLCL, PY and HL are 


established B-cell lines. Thymocytes were obgained from 


microcytotoxicity assay’. 


patients undergoing open-heart surgery. The cell lines and 
phytohaemagglutinin (PHA) stimulated thymocytes were 
labelled with ®'Cr and used as target cells in a 4-h modified 
Mononuclear cells from normal 
individuals were separated from heparinised whole blood on 
Ficoll-Hypaque as described by Boyum? and served as effector 
cells. To test whether human T- and B-cell lines differ in their 


-= susceptibility to lysis, they were labelled with ®'Cr and in- 
= cubated with normal PBL. Table 2 summarises the results of 


one. such experiment showing that three donors of differing 
HLA phenotype exhibited high cytotoxic activity against the 
leukaemic HSB and CCRF-CEM T-cell lines in all ratios 


tested and had comparatively low activity against SB and JY 
* 





Fig. 1 Distribution of CNK of 18 individuals tested against 
thymocytes, T- and B-cell lines. A total of 18 samples of human 
mononuclear cells were tested in several experiments against 
1Cr-labelled PHA-stimulated thymocytes of three individuals 
(Thy-1, Thy-3 and Thy-4), against two T-cell lines (HSB and 
CCRF-CEM) and against three B-cell lines (SB®JY and TLCL). 
The ratio of effector cells to targets was 50:1 in all experiments. 
Activity is éxpressed as % specific lysis in a 4-h assay, performed 
as for Table 2. @, Male donors ; ©, female donors. 


f 
Cell line ia E ain References B-cell lines. This ‘cross-reactivity’ is discussed in more detail 
l below. Although HSB and SB were obtained from the same 
oe nee T T o individual and are therefore identical for their HLA and 
CCRE-CEM 1.33.68 T i cukaemit 1] presumably for*other cell-surface HLA loci (see Table 1), their 
1Y* 37 B Normal ae reactivities in CNK differ markedly. The other B-cell lines 
PY* ee P Sas) — studied—TLCL, PY and HL-—behaved similarly to SB and 
ee mie 214 WILNA Sw 40 B on a JY (data concerning PY and HL are not presented), while 


CCRF-CEM, the other leukaemic T-cell line tested, was as 
sensitive to CNK as HSB. CCRF-CEM and HSB are from 
different and unrelated subjects. Since leukaemic T cells are 
thought to be thymus derived it was of interest to investigate 
the sensitivity of human thymocytes as targets in our cytotoxic 
assay. Fresh thymocytes used as targets on the same day 
they were obtained from surgery or cryopreserved thawed 
thymocytes were unsuitable targets owing to poor ™Cr incor- 
poration and rapid spontaneous release. Prestimulation with 
PHA (PHA HA 16/17, Wellcome) at 1 pg ml~! for 3 d or less 
resulted, however, in a highly viable population of cells in- 
corporating up to 20-fold more *'Cr than non-PHA-stimulated 
cultures on day 0. These cells were then used as targets in the 
cytotoxic assays. Blood samples from 18 normal individuals 
were tested against thymocytes obtained from 4 HLA different 
individuals and prestimulated with PHA for 3 d (Thy-1, Thy-2, 
Thy-3, Thy-4). All donors tested exhibited significant cytotoxig 
activity against all thymocyte targets. Table 3 shows the results 
of four representative donors only. The selectivity of the CNK 
was demonstrated by the lack of activity against JY, a B cell 
line. It should be noted that all the B cell lines used in this 
study served as excellent targets when tested with in vitro 
allogenically sensitised human PBL (A.O., unpublished data). 
To our knowledge tis is a unique and first example demon- 
strating CNK against ‘normal’ cells in general and thymocytes 


DOSSO OOOO NEO A N NNN CTC CONES CTE nananana 


Table 2 Selective CNK activity against T- and B-cell lines 





% Specific lysis* 


Effector HLA HSB CCRF-CEM SB JY 
cells 235:1 12:1 6:1 35:1 12:1 6:2 35:1 12:1 6:1 3i a2 Gal 
AO 3w24,12 290 243 158 241 155 116 19 6.7 5.5 6.4 49 —18 
HK  28w24,1418 317 240 17.1 326 18.9 114 8.8 48 73 53 33 14 
BS 371114 224 160 13:5 18.0 156, 148 6.7 39 21 -29 ND ND 
Spontaneous release (14.3) (32.7) (29,7) (30.9) 


*Target cells were labelled with 100 pCi of *'Cr for 2 h at 37 °C, washed three times and resuspended in MEM 10°, FCS to I x 10° per ml. 
The cytotoxic assay was performed in Cooke round-bottom microtitre plates by mixing 100 ul of effector cells with 100 ul of target cells and 
incubated for 4h at 37 °C in a humidified CO, incubator. The reaction was terminated by centrifugation at 250g for 10 min and removing 
100 yl of supernates from all wells to be counted in a well-type y-counter. Specific cytolysis was calculated as [(E~-SR)/Max)] x 100 where E is 
c.p.m. of experimental wells; SR is spontanedus release from targets incubated in medium alone and Max is maximal release from targets after 
hypotonic lysis. The standard deviation of triplicate cultures was +2% of the mean. ND, not determined. : 


+ 
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D . 7 Table 3 Lysis of PHA-stimulated thymocytes by normal PBL ° S aF 
e: ¢ °% Specific lysis e ee 
Effector 1.10w37 2,12,29,w15 2,28,w40,12 10,w30,29.13_1,2,12,27 2.7 2,12,29,T5 3 w212 E 
cells HLA Thy-1 Thy-2 Thy-3 "Thy-4 HSB JY AMTI, É CAQ e 
KT 2,5 32.8 270 °? 47 19.3 26.0 e220 ND ND 
AO 3,w24,12 27.5 18.0 20.2 22.6 29.8 —O.1 0.3 —4, 
DBA 2,5,1.7 40.8 12.2 22.35" ND 36.0 0.9 e ND N 
KY 5,9,w26,w40 38.5 ND © 22S 37.8 41.0 1.0 1.4 
Spontaneous release (18.8) (24.8) (20.0) | (22.7) (14.3) (21.2) (24.5) 





7 "*Phymocytes from four individuals and PBL of two donors (A.M. and A.O.) were stimulated in culture with PHA at 1 pg ae ea foe. 3d; 
labelled. with Cr and used gs target cells in the cytotoxic assay. Assay as for Table 2. The ratio of effector to target cell was 50: 1 through JU 


in particular. Nermal human PBL from two individuals 
(A.M. and A.O.) stimulated by PHA in vitro were not lysed by 
lymphocytes of normal individuals, confirming an earlier 
observation?. By screening normal individuals for their activity 
in CNK it becamg obvious that different values of specific lysis 
are obtained with different donors. Figure 1 illustrates this 
variability when normal donors were tested against’ three 
thymocyte populations, two T-cell lines and three B-cell lines. 
Using thymocytes as targets, cytotoxic activity was 0-42°%, 
compared with 10-40%, with, the T-cell lines and < 0-15% 
with the B-cell lines. It seems, therefore, that lymphocytes 
from different individuals have different killing activities. 
The range of lytic capacity extends from low t@ high and does 
not seem to fall into distinct categories. The difference in the 
killing activity between males and females seems to be distinct 
only when thymus target cells are used with males being more 
reactive. We have noticed that individuals with high reactivity 
against thymus and T-cell lines occasionally show ‘cross- 


60 Thymocytes-3 HSB JY 


40 


S 


% specific lysis 
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Fig. 2 Partial characterisation of the effector cell in CNK. 
Normal human mononuclear cells were subjected to various 
depletion and separation techniques (see below) resulting in 
populations of cells with different degrees of CNK when tested 
against °'Cr-labelled PHA-stimulated thynfocytes, HSB and JY 
cell lines. The ratio of effector cells to targets was 25:1. Activity 
is expressed as % specific lysis in a 4-h assay (as for Table 2). 
Spontaneous release of the target cells used in this experiment 
was as follows: Thy-3, 9.394; HSB, 21.393; JY 23.8%. A, Normal 
unfractioned cells; B, PBL depleted of phagocytic cells following 
ingestion of carbonyl iron (1g per 5x10° cells incubated 
at 37 °C for 20 min); T-cell enriched fraction was obtained by 
incubating equal volumes of neuraminidase (Behring Diagnostics) 
treated sheep red cells (SRC) and lymphocytes for 10 min at 37°C 
followed by a centrifugation at 200g for 5 min and incubation in 
ice for | h. The pellet was then gently resuspended in medium and 
rosetted cells were separated from non-rosetted cells by the 
use of a Ficoll-Hypaque gradient. C, SRC of the rosetted fraction 
were lysed with ananti-SRC haemolysin ata 1:10 dilution and fresh 
undiluted hurfan serum; D, non-rosetted cells with neuraminidase 
treated SRC after Ficoll-Hypaque gradient separation; E, Fe 
positive cells were separated from F., negative cells based on 
their ability to bind to SRC anti-SRC complexes bound to 
_ poly-L-lysine pretreated plastic dishes following the technique 
of Hsia et al.™; F, F, negative cells were obtained by collecting 
cells not adhering to the on Ensures complexes described 
above 


reactivity’ against B-cell lines as shown above (see Table 2. 
Low killers have a more restricted ‘specificity’ — killing thymus 
and T cell lines only. 

The nature of the effector cell in CNK is a controversial | 
issue. We have partially characterised them in our system, in 
limited and preliminary experiments. Different depletion ando 
fractionation procedures resulted in populations of cells with 
different deges of CNK agtivity. Similar profiles were ob- 
tained by testing these populations against either thymocytes ; 
or HSB target cells. The experiment illustrated in Fig. 2 shows 
the following. (1) Removal of phagocytic cells by carbonyl- 
iron and magnet enriched the cytotoxic activity against both: 
thymus and HSB targets. (2) Using sheep red blood cells as 
indicators, the rosetted cells, presumably T cells, were almost 
inactive. (3) The non-rosetted cells retained their activity. « 
(4) Cells possessing a receptor for the F. portion of immuno- 
globulin (F.-+) retained most of the activity against both 
thymus and HSB cells. And (5), F.— cells had diminished. 
activity but were by no means depleted of effector function. © 
It therefore seems that the effector cell is not a mature T cell, 
nor a macrophage but is Fet. 

We have, therefore, demonstrated cellular immunity of 
normal individuals against T-cell lines and PHA stimulated _ 
thymocytes and a relative lack of activity against B-cell lines _ 
even when the T- and B-cell lines came from the same individual, a 
The CNK activity that we observe also does not seem to oe 
late with HLA. This is in contrast to reports'*® of H-Z speci- 
ficity in a mouse system. Our results suggesting that males 
have higher CNK activity than females against thymus cells, 
are in agreement with the findings of Santoli et ai. wih : 
human (non-lymphoid) cell lines as targets. It is tempting to . 
speculate that our in vitro finding of selective CNK against — 
leukaemic T cells but not against B-cell lines may be reflected — 
in vivo by the relatively low incidence of acute lymphe cy tl o 
leukaemias usually associated with cells of the T-axis. charac- _ pae 
teristics". Moreover, since T cells are known to be. poor i 
antigenic stimulators in MLC!*, it would be logical to propos 
a different naturally occurring immune mechanism controll ) 
proliferation of immature thymocytes and leukaemic: T cell: 
We suggest that CNK might function in such a surveilla 

pathway and may also discriminate between mature perip 
T cells on the one hand and immature or leukaemie T cells 
on the othere aa 

We thank Drs J. Cox, G. Oldham, R. Miller, D. Sabiston, H 
P. Cresswell, and S. Hsia for providing material for these 
studies, and Ms J. Kerber for secretarial assistance. This 
work was supported by grants from the US PHS. 
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Carcinogen-induced mutations 
at two separate genetic loci are not 
enhanced by leukaemia virus infection 


THe interrelationship between cellular mutagenesis and 
carcinogenesis has been studied ‘primarily by measuring these 
two events in separate target systems using chemicals with 
known biological activity!. Most carcinogens, in appropriate 
experimental conditions, induce mutations in prokaryotic? and 
eukaryotic? test systems. There are, however, some well known 
exceptions. Some nucleic acid base analogues and the acridines, 
which are excellent mutagens, are not known to be carcinogenic 
in vivo. Similarly, asbestoid minerals and some metallic salts 
which are potent carcinogens do not produce gene mutation. We 
describe here a study of the relationship between transformation 
and mutation with different experimental approaches, and show 
that carcinogen-induced mutations at two separate genetic loci 
are not enhanced by leukaemia virus infection. 

The use of Fischer rat embryo (FRE) cells for in vitro assay of 
chemical carcinogens has been well documented’. In appropriate 
conditions, most of the ultimate carcinogens and procarcinogens 
transform FRE cells synergistically only after being preinfected 
with murine leukaemia virus (MuLV)’. Sirtce infection by MuLV 
so profoundly affects the expression of chemically induced 
transformation in this sytem, it was of interest to determine the 
effect of MuLV on the carcinogen-induced cellulr mutagenesis 
in FRE cells. 

A clonal subpopulation of the FRE cell line F1706 used in 
these studies (hereafter designated as M81 cells) has been 
described previously®. Logarithmically-growing M81 cells were 
infected with 104 XC plaque-forming units of the Rauscher 


+ 


Nature Vol. 266 7 April 1977 


strain of MuLV (RLV). RLV-infected on uninfected M81 cells 
were treated with various doses of the potent carcinogen- 
mutagen, 4-nitroquinoline-1-oxide (NQO), for 1 h, washed and 
incubated at 37 °C in the growth medium for 72 h (expression 
time). ,The post-expression cells from each treatment group 
(M81l--acetone; M81--RLV +acetone; M81- NQO; M81 -+ 
RLV--NQO) were then used for the determination of DNA 
polymerase activity’, NQO-induced transformation®”, and 
mutagenesis at two separate genetic loci. 

To determine transformation in M81 cells, a previously 
described ‘horizontal—vertical’ assay’ which involves both 
morphologic criterion and the loss of anchorage dependence 
(soft agar assay) was used. Colonits in semi-solid agar and 
morphologically transformed foci in liquid medium first 
appeared in the culture flasks after 5 and 7 subcultures respect- 
ively in the dually treated group (RLV and NQO 0.lug mJ~?). 
After several more subcultures, the focal characteristic of 
morphological transformation was dost and the entire culture 
appearedto be transformed. No morphological transformation 
or loss of anchorage dependence could be detected in the other 
treatment groups (M81I-+acetone; M814+-RLV-+-acetpne; M81 
+ NQO 0.1 ug ml~') before the experiment was terminated at 
the tenth subculture. The transformation of RLV-infected FRE 
cells by NQO confirms the results previously reported by other 
investigators!™™, It should be floted, however, that due to the 
number of subcultures involved before there was evidence of 
transformatiog, enumeration of the foci or the soft agar colony 
counts should not be used quantitatively. 

The number of mutants in M81 cells was determined by 
plating the post-expression cells at low densities and then, after 
72 h, adding appropriate selecting media. For mutation in the 
recessive locus governing the expression of the enzyme 
hypoxanthine-guanine phosphoribosyl transferase (HGPRT: 
EC 2-4-2-8), 8-azaguanine (AZ) was used for selection and all 
experiments were performed with a single lot of commercial 
foetal bovine serum. The frequency of the appearance of AZ- 
resistant colonies per plate followed a typical Poisson distribution 
O. = 0.1) and were verified by x? test (P > 0.99). Table 1 shows 
the number of AZ-resistant phenotypes per 10° survivors in a 
typical experiment 72h after chemical treatment (NQO 
0.1 p ml“, 1h). A statistically significant increase (P « 0.01) 
over the spontaneous mutation rate was clearly demonstrated 
with NQO treatment in both RLV-infected and uninfected 
groups. Using a standard one-tailed test of significance for 
the observed differences between two Poisson variables!*, how- 
ever, there was no significant difference (P < 0.05) between 
the number of spontaneous AZ-resistant colonies in the RLV- 
infected or uninfected M81 cells. Similarly, RLV infection did 
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Table 1 Transformation and 8-azaguanine resistant phenotypes in RLV* and RLV- post-expression FRE cells 


Carcinogen 


DNA polymerase activity 
Transformation (subculture no.) 
No. of teplicate plates for AZ-resistance assay 
% Relative PE (at 72 h) ° 
Total no. of AZ-resistant colonies 
% Plates containing relowIne groups of resistant colonies: 


4 v 
2or3 
| e. 4 or more 
Mean no. of resistant colonies per 10° survivors 


No addition 


vo RLV+ 
0.1 peg NQO No addition 0.1 ug NQO 
o 

0.5 48.6 55.05 

iai (Pio) g (Pio) P (P;) 
20 20 20 
100 52 188 125 
27 8 65 
40 65 5 
19 20 30 0 
0 30 5 60 
0 10 0 35 
1.77 19.20 1.39 19 


een n e ACCC CCC Ct CCC 


Virion-associated DNA polymerase activity in the cell culture fluid®were measured using an established procedure’ with synthetic template 
primer dT,, rA and expressed as pmol of acid-precipitable H*-TMP per h per ml of supernatant collected at 72 h. The input radioactivity 
used for polymerase assay contained 1930 c.p.m. per picomole of TTP. Transformation assays®® were performed for 10 subceltures after NQO 


+ 


treatment when the experiment was terminated; results were expressed as either positive or negative at indicated numbers of subculture. For 


AZ-resistance assay, 1 x 10° M81 cells were plated in 90-mm Falcon Petr 
minimal essential medium with 10° newborn calf serum and antibiotics). 


i dishes 72 h after NQO treatment in EMEM growth medium (Earle’s 
After 3 d, growth media supplemented with AZ 30 pg ml~* (selective 


media) was added. ‘The cultures Vere subsequently fed every third day with selective media and the dishes were stained with Giemsa on the 
fifteenth day for enumeration of AZ-resistant colonies. Plating efficiency of each treatment group was determined simultaneously by plating 
5x10? post-expression cells in growth media without AZ. These parameters for selection of AZ-resistant cells were optimal for M81 cells in 
pilot experimentations performed for standardisation of the assay procedure. 
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Table 2 Reconstruction experiment with HGPRT ~ subclones 





Input cell mixfng ratto 


(AZ-mutants/M81 RLV*) Carcinogen treatment 


0/10° None ° 
NQO 0.1 pg mi ™ 
10 AZ-1/105 None 
NQO 0.1 pg mi~ 
10 AZ-2/105 None 


NQO 0.1 ug mi~ 





° Absolute PE « T ICO 


(72 h) AZ-resistant colonies per 10° 
l survivors — ian 

46.2 1.27 
43.4 18.49 
52 ‘ 25 

49 44.90 
56.6 24.91 
52.8 45.83 


5 x 102 AZ estan mutants, AZ-1 or AZ-2 were mixed with 5 x 10° RLV infected M81 cells. 2 x 10° mixed cells were plated in T-fi 
incubated at 37 °C. After 6,h, cells were washed and treated in NQO 0.1 ug ml? or acetone for 1 h. Each flask was then washed and incub 
at 37 °C for 72 h. Selection of the AZ-resistant cells in the mixed Popuiauga was performed as for Table | in order to determine the efficienc 
or the selection technique. fy 


* 


nof significantly alter the outcome of NQO-induced mutation. 
Thus, although treatment with NQO produced an increase of 
AZ-resistant cells in both ‘infected or uninfected groups, 
infection of the target cells with RLV did not alter the spon- 
taneous or induced rate of mutation for the appearance of 
the drug-resistant phenotype. Several of the *AZ-resistant 
colonies were isolated for further characterisation. Two of these 
clones, AZ-1 and AZ-2, were propagated for at least 50 gener- 
ations in nonselective growthemedium and still retained their 
high resistance to AZ (PE 18 and 19.6 respectively and sensitivity 
(PE < 0.01%) to THMG supplemented growth medium™. A 
reconstruction experiment using these two resistant subpopula- 
tions was performed to check the validity of the calculations 
used for the determination of the HGPRT~phenotypes. The 
results of the reconstruction experiment (Table 2) indicate that 
the estimates of the proportions of AZ-resistant cells, based on 
the selection procedure, are within the same order of magnitude 
of the actual proportions used for mixing resistant cells with the 
the parent M81 population. 

Since the phenotypic expression of AZ-resistance can vary 


Relative PE at 72 hours 


of 
79 





Quabain resistant colonies per 10° survivors 


0% 03 04 Y 
NQO concentration (ug ml~') 


Fig. 1 Percentage survival and ouabain-resistant colonies per 
survivor in FRE cells as a function of input NQO dose. A, M81 
relative PE (%); O, M81+RLYV relative PE (%). A, Ouabain- 
resistant colonies in 10° surviving M8] cells; @, ouabain-resistant. 
colonies in 10° surviving M81+-RLV cells. For ouabain re- 
sistance tests, 5x 10° cells were plated in 90-mm Falcon Petri 
dishes 72 h after NQO treatment in EMEM growth medium. 
Quabain (2.5 mM) was added to the medium after 3 d and dishes 
were incubated at 37°C without any subsequent feeding and 
stained with Giemsa on the fifteenth or eighteenth day for 
counting the drug-resistant colonies. Each point represents a 
mean obtained from 10 dishes, except that 20 replicates were 
used for gréups without NOQO treatment. It should be noted 
that normalised relative survival of each test group was based 
on plating efficiencies obtained at 72 h without NQO treatment 
(five replicates) and all PEs were performed simultaneously 
with the ouabain selection procedure. Solid symbols (ouabain 
resistant colonies) represent means of the experimentally ob- 
tained data and solid lines connecting them represent calculated 
regression lines. See text for regression equations for each line. 


several-fold due to minor variations in the experimental proto- 
cols, it was considered necessary to determine mutation at 
another locus. Resistance to the synthetic steroid, ouabain, in- 
volves mutation of the gene controlling the expression of cell- 
membrane-bound enzyme Na*/K +- Mg?*-dependgnt adenosine . 
triphosphatase (ATPase: EC 3.6.1.3). The mutation. is co-. 
dominant and a single step,selection can be performed over a 
wide range of input cell concentrations. To evaluate the effect : 
of RLV infection on the NQO-induced mutation at the ATPase 
locus, subconfluent cultures were treated with different doses of | 
NQO and the number of ouabain-resistant phenotypes was 
determined after 72 h expression period. 

Figure 1 shows the dose-response pattern for the appearance 
of ouabain resistant colonies. It can be seen that over a wide « 
range of NQO input doses, a linear response for the appearance 
of the ouabain resistant cells is evident in both RLV-infected or 
uninfected M81 cells. For uninfected cells, the regression line can 
be best described by the equation F~ = 19.51 x pg m> NQO+ « 
0.27, while for RLV* cells the linear relationship is Ft = 18.2« 
ug mi~ NQO+0.81, where F~ and F+ represent mutation fre- _ 
quencies per 10° survivors. However, the slopes of the two- 
regression lines (19.51 and 18.2, respectively) are not significantly — 
different by Student’s ¢ test (P > 0.05). Thus, RLV infection _ 
again failed to enhance the mutagenic eesponse of M81 cells at | 
any of the NQO doses tested. As before, several ouabain-resistant _ 
colonies were isolated, cultured in nonselective medium and 
these subpqpulations were tested in a regular or K*+-deficient . 


’% Survival (PE) 








9.5 1.0 2.0 
Quabain concentration (mM) 


Fig. 2 Relative plating efficiencies of M81+RLV cells and an 
ouabain-resistant subclone (M418) as a function of ouabain. 
concentration. A, M81+RLYV cells cultivated in EMEM (55%); 
A, M81-+-RLYV cells in K*-deficient EMEM (27%); O, MUS =- 
cells in EMEM (58%); @, M418 cells in K*-deficient EMEM 
(49%). The PE of each experimental cell line in ouabain was. 
determined as described in the legend to Fig. 1, except. that. > 
10% dialysed calf serum (ds) was used in conjunction witho- 
ouabain treatment. Cells were plated at three different coni 
tions (5 x 10?; 5x 107; and 1 x10* per plate) in triplics nd 
accordingly zero PE simply reflects that no surviving colonies SES 
were observed at the highest plated celleconcentration: The = 
average °% PE for each of the four experimental groups | without aa? 
ouabain, which has “been used as a basis for the normalisation aes: 

of the data (100°) are given in parentheses. — 
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selective medium for ouabain resistance. The toxicity of ouabain 
for M81 clones, as manifested by the reduction in the number of 
surviving colonies, is dependent on K* content of the medium. 
A typical toxicity pattern for one of the resistant subpopulations 
(M418) is shown in Fig. 2. : 

Our results indicate that although RLV infection profoundly 
affects the expression of transformation in FRE cells, mutation 
rates at two unlinked genetic loci—one co-dominant and the 
other recessive—are not affected by the virus. Perhaps a specific, 
privileged role of the ecotropic MuLV on the promotion of 
cellular transformation at the genetic level can be envisioned 
which is not applicable to other non-specific and random genetic 
events like mutation induced by carcinogens. In this context, it is 
interesting to note that chemical promoters of transformation, 
such as phorbol esters, which presumably act epigenetically, 
has recently been shown to also enhance the cellular mutagenesis 
'rates?®, 
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Antibodies to major histocompatibility 
antigens produced.by hybrid cell lines 


FUSION between myeloma cells and spleen cells from immu- 
nised donors has been shown to be a successful method of deriving 
homogeneous anti-SRBC (anti-sheep red blood cell) and anti- 
TNP antibodies'?. One of the most powerful features of this 
approach is that, by cloning, one may easily derive cell lines 
synthesising monoclonal antibodies despite using’ non-purified 
immunogens. The multiple components of a heterogeneous pop- 
ulation of hybrid cells are resolved by cloning techniques. This 
feature makes the systema very powefful tool in the study ofcomplex 
antigenic structures. The established cell lines offer the further 
advantage of unlimited permanent supply of material, and the 
possibility of worldwide standardisation. 

We report here the derivation of lines of hybrid cells secreting 
antibody to rat major histocompatibility antigens. The hybrids 
were made by fusion of a mouse myeloma cell line’, P3-X63-Ag8, 
with spleen cells of AO strain rats immunised against DA strain 
antigens. In previous experiments we used Sendai virus as a fusing 
agent. In the experiments described here we used polyethylene 
glycol (PEG). Fusion of animal cells with PEG is becoming a 
method of choice. Various protocols have been described in detail, 
usually for cells growing as monolayers? *. We adopted some of 
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these suggestions, which take special care with the rate of addition 
of reagents, time and temperature of incubations, molecular 
weight of PEG and so on (see legend to Fig. | for details). After the 
hybridisation the preparation was divided in Linbro plates, each 2- 
ml well gontaining about 2 x 10° spleen cells. Vigorous growth was 
observed in all the wells indicating the presence of multiple hybrid 
*clones in each well. The supernatants of each well were tested for 
their ability to mediate the complement-dependent lysis of °'Cr- 
labelled red cells and lymphocytes from DA strain donors. Of 113 


* cultures from two independent fusions 107 contained significant 


lytic activity. The most active cultures were further grown to larger 
volumes. During growth, some cultures gradually lost activity, 
whereas others retained or even increastd their lytic activity. This 
presumably reflects the clonal complexity of the cultures-—after a 
certain period, dominant clones (fastest growing) are likely to take 
over regardless of their antibody activity. . 

The individual cultures displayed lytic activities which, in some 
cases, could be shown to be distincjive.«F or instance, hybrid R2/10 
lysed 100% of DA red cells, while R3/13 never lysed more than 
about 55°, although the titres of the two supefnatants were very 
similar.on this target (Fig. 1). Furthefmore, the R3/Ļ3 super- 
natants tested for lympholytic activity showed a markedly higher 
titre than R2/10. 

After about 2 months of growth, hybrid R3/12 wascloned in soft 
agar and 14 individual clonés were selected for further 
studies. Supernatants from six of these were positive in three tests for 
specific immunological activity, while the eight others were 
negative in all three tests (Fig. 1). Clones R3/13-6 and R3/13-8 had 
lower antibody titres than the other positive clones. The Ig 
produced by the isolated clones was analysed by isoelectric 
focusing and SDS-~polyacrylamide gel electrophoresis of '*C- 
lysine-labelled secreted products (Fig. 2). In all cases the character- 
istic pattern of products of the parental X63 cells due to MOPC 21 
IgG1 (x) was present. All positive clones had very similar patterns 
of additional bands which clearly established the presence of extra 
components, presumably responsible for the antibody activity. 
These extra components were seen in IEF asa few extra bands (Fig. 
2) and a Background of radioactivity. A similar background of 
radioactivity has been observed with another plasma cell hybrid 
(Sp2/HLGK, ref. 2). The presence of the background in this latter 
case was associated with the presence of a specific IgGgb, an 
euglobulin which precipitates at low ionic strength (D. Secher, 
unpublished). Electrophoresis in reducing SDS-polyacrylamide 
gels shows the presence ofan additional light chain in all cases. The 
putative specific heavy chain co-migratęs with the myeloma yl 
chain but can be separated on much longer runs. A clear indication 
of clonal heterogeneity was observed in clone R3/13-6 with a weak 
band in the position of a u chain and an unusually high molecular 
weight putative L-chain (Fig. 2). This clonal heterogeneity may 
explain the low titre of its supernatant (Fig. 1). The reason for the 
low titre of clone 8 has not been investigated further. 

Specifically positive clone supernatants from R3/13 were tested 
in various ways to demonstrate that the antigenic target for the 
antibody was associated with the rat major histocompatibility 
complex, Ag-B. Sup&rnatants were tested against target cells of 
four inbred rat strains each carrying a different Ag-B haplotype 
including AO, the strain of the parental spleen cells used for fusion 
(Table 1). By *'Cr release from target lymphocytes and by binding 
to erythrocytes, clone supernatants were reactive only against cells 
from the original immunising strain, DA. Chromium release data 
for clone supernatants were compared with two dilutions of a 
standard AO anti-DA immune serum. This antiserum, which 
maintains cytotoxic activity at a plateau up to a dilution of about 
1/6,000 for DA lymphocytes, cross-reacts detectably on HO targets 
at about 1/800 and on AGUS targets at about 1/100. Since R3/13 
clone product has a plateau cytotoxic titre of 1/384 for DA cells 
(Fig. 3), detectable cross-reactions would be expécted at 1/48 on 
HO andat 1/6 on AGUS if the specificity of the clone product were 
similar to that of the AO anti-DA antiserum. The absence of any 
detectable cross reactions at 1/6 (maximum concentration tested) 
shows that the R3/13 clone product is much more specific than the 
immune serum. 

Since positive clone supernatants were not reactive against HO 
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Fig. 1 Immunologieal activity of spent medium 100 
from plasma cell hybrids. Hybrid culture R3/13 
was cloned in soft agareand 14 individual clones 
(R3/13-1 to R3/13-14) removed from the agar 
and grown separately. Supernatants from 
numbered R3/13 clones (—-) were tested in three 
assays for immunological activity. Supernatant 
from the uncloned hybrid R2/10 (©) was 
included for comparison in two assays. 
Supernatants from clones R3/13-3, 6, 8, 9, 10, 14 
were positive in all three assays, and from clones 
R3/13-1, 2, 4,5, 7, 11, 12, 13 were negative in all 
three assays. Of the negative clones, results are 
shown only for R3/13-2. DMM served as 
negative control (-~ ~ —). a, Complement- 
dependent lysis of DA er§throcytes assayed by 
*'Cr release. 10° fresh washed erythrocytes were 
labelled for 90 min at 37° with *'Cr-sodium 
chromate (CJS« 4, Radiochemical Centre, 0 
Amersham) at approximately 5 mCi ml’ in 
0.025 ml. Assays were performed in V-bottomed ee 
microtitre trays in a finalevolume of 0.075 ml Serial twofold dilutions of supernatants 
consisting of equal volumes of diluted clone 
supernatant or gnedium, washed labelled erythrocytes at a concentration of 5x10’ mi in Dulbecco’s phosphate buffered saline (PBS), 
and guinea pig serum (absorbed with rat erythrocytes) diluted 1:1 in Dulbecco's PBS. Trays were incubated for 60 min at 37 °C. After agding 0.1 ml 
b PBS tæeach well, trays were spun 10 min at 400g and 0.1 ml collected from each well for gamma counting. Input counts (32,994 counts per 5 min) were 
measured from 0.025 ml of labelled erthrocytes at 5 x 10’ ml’. Final concentration of supernatant at the first dilution was 1/3. b, Complement- 
dependent lysis of DA lymphocytes assayed by release of *'Cr, Viable lymph node lymPhoéytes were separated from erythrocytes and dead cells by 
centrifugation over Ficoll-Isopaque°. Chromium labelling and assay were as described for erythrocytes except that both procedures were performed at 
room temperature, labelled lymphocytes were diluted to 2.5 x 10° per mil, and the assay was extended to 90 min. Input counts (23,261 counts per 5 min} 
were measured from 0.025 ml of labelled lymphocytes at 2.5 x 10° per ml. (@), Titration of (AO x HO)F, anti-DA serum against DA lymphocytes. 
This serum lyses 100° of DA lymphocytes by Trypan blue exclusion at the dilutions studied in the conditions of this assay. Final concentration of 
supernatant at the first dilution was 1/3. c, Binding of R3/13 clone products to DA erythrocytes. 1.5 x 10° fresh washed erythrocytes were incubated for 
15 min on ice with serial dilutions of supernatants in V-bottomed microtitre trays in a total volume of 0.05 ml. Cells were then washed twice in 0.2 ml 
PBS and resuspended with 0.01 ml (180,547 counts per 5 min) '**I-rabbit F(ab’), anti-rat Fab (from Dr A. F. Williams). After a further 15 min on ice, 
cells were washed five times in 0.2 ml PBS and collected for gamma counting. Final concentration of supernatant at the first dilution was 1/2. Cell a 
hybrids were prepared as follows: AO strain female rats were hyperimmunised by combined i. p. and subcutaneous immunisations with pooled spleen 
and lymph node cells from DA strain donors at monthly intervals (approximately 1/3 donor equivalent per recipient). Two and a half days before 
collecting spleen cells for hybridisation, hyperimmune AO rats received a final i.v, injection of DA lymphoid cells. Spleen cells for fusion were initially 
prepared in Dulbecco's PBS containing 2% FCS. The cells were then washed with Dulbecco’s modified medium in the absence of serum (medium D), 
and 10° spleen cells mixed with 10’ P3-X63-Ag8 cells! suspended in medium D° The mixture was centrifuged in a 50-ml plasticconicaltubeat600gfor7 a 
P min. The supernatant was removed and the cell pellet disrupted by gently tapping the bottom ofthe tube. Further operations were performed atabout — 
37 °C. A |-mlpipettecontaining0.8 ml of 50% PEG 1500in medium D (pH 7.6-7.8) was used to suspend thecells gently while the solution was added over 
a period of | min. The suspension was kept at 37 °C for 1 min and 1 ml medium D added over a period of another min. A further 20 ml of medium D was 
added over a period of 5 min. The cells were centrifuged and gently resuspended in Dulbecco's modified medium containing 20% foetal calf serum 
(DMM). The suspension wasdistributed in 48 + 2 ml wellsin<Linbro BCL-5041 trays. Insomeexperiments 3 + 10° untreated spleencells werealsoadded 
toeach well to serve asa feeder. After 24 h half of the medium was replaced with HAT® medium. This operation was repeated in the two subsequent days 
and then every 2 d. Vigorous growth in a well after 14 d was taken as a successful hybrid clone(s). These were transferred into HAT medium lacking 
aminopterin for 4-7 days and thereafter into DMM, e 
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(Ag-B5) cells, it was possible to show that the antigenic target for background. Selected Ag-B5/Ag-B5 homozygotes and Ag-B5/Ag- 


, R3/13 antibody was specified in or near the chromosome region B4 heterozygotes were used as target cell donors to assay the 
determining the major histocompatibility complex. The tests were reactivity of positive R3/13 clone supernatants. The results of 
performed on progeny from a breeding programme in which the binding to erythrocytes and complement-dependent lysis of © 


Ag-B4 haplotype of DA is being backcrossed on to the HO lymphocytes from these genetically typed donors show clearly that _ 


Table 1 Strain distribution of antigenic target for R3/13 clone products 








a : ade Ne sd ep ee eh et aa ge ce al ete ca 
Donor strain 
e AGUS AO DA HO 
Input °'Cr Cp5min 18,671 19,698 24,122 18,003 
C’ control 2.6 2.0 2.5 Lod “ 
AO anti-DA serum at 1/48 51.7 3.9 71.0 60.8 
at 1/3072 19 2.1 66.3 * 2.6 Lymphocyte targets*: 
R3/i3clone 3at 1/6 2.9 2.6 65.5 2.4 >'Cr release as % 
6 at 1/6 2.6 LD 60.4 2.1 of input counts 
8 at 1/6 2.8 2.4 60.0 26 , 
9 at 1/6 2.9 2.9 62.7 2.7 
R3/i3clone 2at 1/8 189 167 104 165 R 
3at 1/8 18] 210 3,613 208 
6at 1/8 128 149 3,518 176 Erythrocyte targetstT: 
Bat 1/8 240 180, 4,027 216 ‘251 rabbit F(ab’), anti-rat 
9at 1/8 158 174 3,882 166 Fab Cp5min bound. 
e Oat 1/8 248 198 4,690 188 Input cpSmin = 100712 
l4at 1/8 144 324 3,995 119 


eeaeee eer 


* Complement-dependent lysis of lymph node lymphocytes from AGUS (Ag-B1), AO (Ag-B2) (syngeneic control), DA (Ag-B4) and HO (Ag-B5) donors 
prepared and labelled with *'Cr-NaCrO, as in Fig. la, b. Data extracted from full titrations of supernatants and serum performed as in Fig. 1. C’ control 
contained DMM (1/6) instead of spent medium. AO anti-DA serum cross-reacts with AGUS and HO. e 

+ Binding of clone supernatants to erythrocytes from AGUS, AO, DA and HO donors assayed by the second stage binding of !?*1-rabbit F(ab’), anti-rat 
Fab as in Fig. le. 
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the antigenic target of the R3/13 clone product is specified by a 









_. gene closely linked to Ag-B (Fig. 3). ® on p . 
-O The antigenic target of clone R3/13 is present on erythrocytes E 
and on all lymphocytes of the DA strain. Furthermore, it has been Q 
shown (unpublished results) to be inherited with the main Ag-B4 = 
serological specificities in the only described rat MHC recom- a s0 
it: el é Rp a ae ° z 
binant”. These observations and the restricted strain distribution om 
suggest that the R3/13 clone product recognises a K /D-like private es B5/B4 12,14 
specificity of the Ag-B4 haplotype. We presume that analysis of , a fae 
further clone products will enable other specificities of the Ag-B4 S 
haplotype to be identified. R 
A remarkable feature of the lymphocytotoxic results in the O 
linkage experiment (Fig. 3) was that the R3/13 clone product So g 
released only about 45% as much *'Cr from the Ag-B5/Ag-B4 
heterozygous cells and from the (HO x DA)F, as from cells of the as 4 a ° 
_ .DAstrain, with a marked plateau at this level, suggesting that the = Sree b ° 
target specificity in the Ag-B4 haplotype is weakly expressed, if at X 3 ee 
all, in about half the lymphocytes from a heterozygote. This 5 a ee. 
phenomenon is not seen with an immune serum (unpublished IA a ae 5 
_ results). Whether there is total exclusion of one allele for this eo 2 B5/B4 1,4,5,6 Qo ° 
individual specificity, or whether its expression is being modulated O fue ad ° 
by other elements remains to be seep. . œ aa = re 
“The results described here extend the use of fusion techniques for 2 4 
the derivation of permanent lines producing homogeneous anti- oe 
‘bodies to the increasingly important area of transplantation 
antigens. It is hoped that such antibodies will be invaluable in the 0) 
precise definition of the rat MHC, in study of the expression of its ° 2 4 6 8 10 
components, and in analysis of functional properties of alloanti- Serial twofold dilutions of supernatant 
bodies such as, for example, theirrole in enhancement. The 
antigenic target of clone R3/13 is the first uniquely defined Fig. 3 Linkage of antigenic target of R3/13 clone products to Ag-B. 
antigenic specificity in the MHC. We suggest that this approach Individuals from progeny of the fifth backcross of the Ag-B4 of DA 
should eventually provide the basis for a standard MHC no- te the fala see ae is ieee aon a 
¢ menclature. The derivation of a rat-mouse hybrid cell line o Calle fror ped aiina were then tested awe 
assays for the activity of the R3/13 clone product. a, Complement- 
Fig. 2 Analysis of the products secreted by isolated plasma cell dependent lysis of lymph node lymphocytes by R3/13 supernatant, 
hybrid clones from R3/13. Cells were incubated with i4C lysine and assayed py release of 7! Cr. Lymphocytes were prepared, labelled and 
the supernatants analysed as before’. a, Isoelectric focusing (pH 5, assayed as for Fig. 1b. Cells from DA (@), (HO x DA)F, (i) and the 
bottom pH 9, top). b, Isoelectric focusing after reduction to separate Ag-B5/Ag-B4 heterozygotes 12 and 14(--~ ) were lysed, while cells 
the chains. c, SDS~polyacrylamide gel (10%) electrophoresis after from HO(O)and the Ag-B5/Ag-B5 homozygotes 1] and 13(—) were 
total reduction. X refersto X63 control supernatants. Numbers refer unaffected. Input °!Crcounts for the seven populations tested ranged 
to clones from culture R3/13 (see Fig. 1). O, origin; G and K, yand k from 23,066 to 30,52! counts per 5 min. Final concentration of 
chains from the Igsecreted by X63 cells; u, putative pehain referred to supernatant at the first dilution was 1/12. 4, Binding of R3/13-9 aone 
in the text. product to erythrocytes. The binding of clone product was assayed 
° indirectly as for Fig. lc, by the subsequent binding of 1251 -rabbit 


F(ab’), anti-rat Fab. Supernatant was bound to erythrocytes from 

the (HO x DA)F, (W) and the Ag-B5/Ag-B4 heterozygotes 1,4, Sand 

6 {--~) but not to erythrocytes from the HO (©) and the Ag-B5/Ag- 

BS homozygotes 3, 7 and 8 (-—). Input '?*1 counts were 113,077 

counts per 5 min. Final concentration of supernatant at the first 
dilution was 1/4. 
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producing antibody against a rat transplantation antigen brings 
the goal of producing standard permanent supplies of monoclonal 
antibodies for human tissue typing and other clinical uses one step 
nearer. 
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Neurite induction in mature cortical neurones 
in feline G,,,-ganglioside storage disease : 


PYRAMIDAL neurones of the human cerebral cortex develop 
spine-bearing structures (meganeurites) between the cell body 
and the initial portion of the axon in lysosomal storage diseases 
characterised by intraneuronal accumulation of gangliosides'. 
Meganeurites attain enormous proportions and acquire bizarre 
shapes, suggesting that their development involves restricted 
reactivation of embryonic growth mechanisms of the neurone. 
Because outgrowth of neurites is a sign of differentiation in 
embryonic neurones we have sought evidence for neurite 
outgrowth from ,meganeurites in feline G mıganglioside 
storage disease*~*. We report here that in this system meganeu- 
rites of mature cortical neurones regularly exhibit extensive 
secondary outgrowth of nevrites. 

Brain tissue was obtained from an 11-month-old mutant cat 
with confirmed B-Balactosidase deficiency and abnormally high 
levels ofe the monosialoganglioside Gy,-ganglioside in the 
brain®. The cat was killed with pentobarbital sodium near the 
terminal stage of the disease. This enabled us to obtain well 
preserved neurones and their processes for Golgi studies?. 
The brain was then perfused with a mixture of glutaraldehyde 
and paraformaldehyde for morphological studies. 

Aberrant growth processes were observed in several varieties 
of cortical neurone. Most small and medium-sized pyramidal 
neurones of the cerebral neocortex had large pleomorphic 
meganeurites between the base of the perikaryon and the 
initial axonal region, as in human G y.-gangliosidosis!. But the 
meganeurites in the feline Gy,-gangliosidosis had morpho- 
logical features rarely observed in the human condition, in 
particular many fine neurites arising from them. These out- 
growths had morphological features related to the cell type and 
characteristics of the relevant meganeurite (Fig. 1). 


+ 
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Fig. 1 Rapid Golgi preparations of cortical neurones in feline 
Gmy-gangliosidosis. a, Medium-sized pyramidal cell of the 
entorhinal cortex, meganeurite identified, at arrowhead. b, En- 
largements of meganeurite in (a) to show tangle of neurites one 
of which has añ expanded terminal head (at arrow). ¢, A neurone 
with a long meganeurite that gives rise to multiple neuritic growth 
processes, seen at higher magnification in (d). e, Another small 
pyramidal neurone of the cerebral cortex has a meganeurite that 
ends in a huge globular process. Outgrowth of neurites is pro- 
minent in the connecting stalk of the meganeurite. f, Granule cell 
of the fascia dentata of the hippocampus. Meganeurite, at 
arrowhead, exhibits extensive neuritic outgrowth (a, axon). 
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d 
Fig. 2 Camera lucida drawings of granule celis of the fascia 


dentata. Only the proximal dendrites of these elements are illus- 

trated. Cell bddies show variable shape distortion. Meganeurites 

arise from the base of the cell body and displace the axon distally. 

Extensive neurite proliferation and other growth processes are 

evident. Axons are identifiable in cells (a), (6) and td). Fine 

processes also occur on portions of the cell bodies of neurones 
(b), (c) and (e). 


A pyramidal neurone of the entorhinal cortex is shown in 
Fig. la with a meganeurite “emerging from the base of the cell 
body. Many neuritic processes are shown as tangled out- 
growths from the meganeurite, often with expanded terminal 
heads (Fig. 15). A wide variety of neurites and other growth 
processes (spinules, spicules, filopodia-like elements) occur on 
larger meganeurites of small pyramidal neurones (Fig. 1c, d 
and e). 

Extensive development of neurites on meganeurites was 
particularly clear in granule cells of the fascia dentata. In this 
relatively homogeneous population of gmall neurones, mega- 
neurites formed large fusiform extensions from the base of the 
cell body, which is normally devoid of processes other than an 
axon. Long thin neurites appeared as tangled outgrowths from 
the meganeurite (Fig. 1 f). The ‘medusa-like’ characteristics of 
these outgrowths is illustrated in camera lucida drawings of 
fascia dentata granule neurones (Fig. 2). In each of these ele- 
ments the meganeurite is the site of extensive secondary neurite 
production. Neurites exhibit beading and tufted expansions, . 
which are common features of neuronal growth processes in 
Golgi preparations®. 

G mı-gangliosidosis is associated With the development of 
meganeurites on many types of cortical neurones in the cat, as is 
G mygangliosidosis in man. Although secondary neurite 
formation has rarely been observed on meganeurites in classical 


Tay-Sachs disease’ (infantile G.-gangliosidosis, B variant) © 


accumulation of Gaj-ganglioside in feline cortical neurones 
seems to be a powerful stimulus for the outgrowth of segondary 
neurites from jneganeurites in the feline mutant. Golgi studies of 
neurones in human Gw.-gangliosidosis will be necessary to 
determine whether the neurite proliferation is uniquely related 
to G myganglioside accumulation or the specific response of 
feline neurones to the ganglioside. 

The demonstration that meganeurites in feline G.»,-gan- 
gliosidosis have growth characteristics typical of differentiating 
embryonic neurones raises the question of the role of gan- 
gliosides in neuronal development and synaptogenesis. Their 
distribution and content in the brain change during development 
and they are found in high concentrations in synaptosomes®. 
Although butyrate-induced process formation in differentiating 
HeLa cells is associated with ap increase in G wz-ganglioside®, 
previous studies have not suggested specific involvement of 
gangliosides in neurite ihduction in normal embryonic neurones. 
Our results link Gy,-ganglioside accumulation to neurite 
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formation in well-differentiated cortical neurones in an in- 
herited metabolic disorder. It will be interesting to determine 
„whether gangliosides induce or facilitate process formation in 
“normal immature mammalian cortical neurones in vitro. 

We thank M.» Buschke and S. Brown for technical assistance 
and the NIH for support. 
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The neural representation of visual space 


THE approximate form of the projection of visual space on the 
striate cortex in man has long been established from neuro- 
logical evidence'~* and estimates of cortical magnification M 
(the extent of striate cortex in millimetres corresponding to 
a degree of arc in visual space) have been derived from studies 
on cortical phosphenes and visual acuity*,and migraine scotoma 
dimensions®. The possibility that M could be estimated from 
the density of retinal ganglion cells which provide the output 
from the eye to the brain has received suppor from studies 
on monkeys®~*. It has been shown that M is proportional to 
/ D, (where De is the projected ganglion cell density in cells 
per solid degree of visual space) for peripheral angles (0) 
greater than 10°. More centrally, where D. is maximal, this 
relationship breaks down because the cells are displaced from 
their receptive fields by an amount which is difficult to deter- 
mine®, If data on ganglion cell receptive field density, D, 
(in receptive fields per solid degree) were available, they might 
_ be expected to relate to M at every point in the visual field. 
| report here that I have obtained such estimates of D, and 
examined their usefulness as predictors of M. The results 
are summarised in three basic equations. 

In previous studies on human retinal ganglion cell density it 
was astumed that solid angles were directly related to retinal 
areas’~!!, Subsequently, it was reported that even at retinal 
level the projection of the visual field is progressively compres- 
-sed towards the periphery. Errors in estimates of D., due 
to the outward projection of an Area of retinal section, and its 
location in the field could easily approach 100°. To avoid 


these, the Sriginal data from three studies on twelve human 


- eyes (refs 9-11) were corrected by use of a specially designed 
schematic eye!? which also diminished the errors arising from 
tissue shrinkage and sampling variations in ocular dimensions. 
The reprocessed values of cell density expressed in the form 
I/v De, plotted against 6, are shown in Fig. t. This mode of 
display, originally popularised by Weymouth?” is crucial to 
the argument by which the values of 1/y D. are transformed 


to values of 1/4/D,. As M is believed to be proportional to 


D, the receptive field curve affords the possibility of estimating 
M at any peripheral angle @. This relationship can, however, 
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Fig. 1 The curve abc relates the value 1/y De (where De is the 
number of ganglion cells per solid degree) for the peripheral 
angle @. It is the mean of the curves for the temporal nasal 
inferior and superior meridians of the visual field, sections of 
which are shown displaced upwards to avoid superimposition. 
The cyrves are based on the modified data (see text) of Vilter® 
O, Van Buren" (1), and Opel"! @. The curve dbe is similar but 
applies to receptive fields instead of ganglion cells. Dr is the 
receptive field density (per solid degree) and the curve relates 
I/v Dr to 8. It was obtained by interpolating from b, beyond the 
area affected by excavation to d, at 0.0055 following Pobyak’s 
observations on the separation of the central-most foveal cones 
which he considered were equal in number to their ganglion 
cells!®, It was realised that the two curves should determine 
equal populations of cells and numerical integration of De and 
D, with solid angle showed only 6% difference in cell counts. 
The populations could be equated by slightly reducing the inter- 
cept value but conversely it would need to be slightly increased 
to take account of the findings of Missotten of the ratio of 
0.9:1 for ganglion cells to cones in the rod free area. The initia 
value was, therefore, retained as the best compromise for the 
purpose of the regression curve. The lower right coordinates 
refer to the plotted points of the final 1/y/ Dr values. The fitted 


be further evaluate@ by correlating the 1/v D, values with 1/M 
derived from studies of cortical phosphenes, visual acuity and 
migraine scotomata. 

The minimum angles of resolution obtained from the mean 
values of Wertheim’s data on visual acuity’, for horizontal 
and vertical meridians at eight selected eccentricities were 
compared with the receptive field data at the same points 
(Fig. 2). The points were chosen to give an appropriate weight- 
ing for the numbers of receptive fields within 40° peripheral 
angle which included more than 85% of the total count. The 
correlation coefficient with 1/4/D, values was very high (r = 
0.9934) confirming some earlier suggestions'*!". The same 
approach was used on the data of Frisén and Glansholm for the 
horizontal meridian, which were obtained by a method which 
reduces optical degradation'*’. Surprisingly, the correlation 
was not quite so high, a fact which might be attributed to 
their use of a constant size of task field (4°) as Wertheim had 
enlarged the task details and field size equally. 

The migraine scotoma has a characteristic angular velocity” 
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and segment size*?? which varies with peripheral angle and is 
related to cortical magnification. Data were extracted from a 
graphical display® of Scotoma dimensions and the least squares 
regression line predicting scotoma bar length from peripheral 
angle was used to derive best estimates for comparison with 
the 1/./D, values. The correlation coefficient was again very 
high (r == 0.9995). ° 

The most direct evidence of human cortical maghification 
was derived from the graphically displayed findings of Brindley 
and Lewin on: visual field phosphenes resulting from cortical’ 
_ stimulation®. The angular separation of phosphenes was 
_ divided by the linear separation of electrodes to yield a value 
-inversely proportional fo cortical magnification. The method 
of obtaining these values, though completed independently, 
resembled that qf Cowey and Rolls’. A regression line again 
‘provided the best estimate of the reciprocal of cortical magnifi- 
cation for selected values of 8 which were correlated (r = 
0.9992) with the 1/+/ D, values,(see Fig. 2). 

These comparisons clearly show that 1/M is almost exactly 
proportional to*l/./ D,. Evidently therefore M?, the cortical 
projection of a solid degree is proportional to D» the number 
of receptive fields per solid degree, and the constant which 
relates them must be the total striate area (for which 6,000 mm? 
would be an acceptable estimate’), divided by 1.5 10°, the 
total ganglion cells of one eyé (Fig. 1 legend). For the data of 
this study therefore, M? = 0.004 D, and since the central 
foveal value of 1/4/D, was found to be 0.0055, D, must be 
33,058 cells per solid degree so that M? = 132 mm? per solid 
degree, and M = 11.5 mm per degree. This maximal value of M 
is close to that suggested by Richards®, but differs substantially 
from the 15.6 mm per degree found by Cowey and Rolls’. 
It has been found, however, that the discrepancy diminishes 
peripherally and the results are not statistically incompatible. 
Cowey and Rolls used the M values of Brindley and Lewin, 
and related these to the acuity data of Wertheim to obtain their 
result. This depended in the similarity of the visual charac- 
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Fig. 2 a, Receptive field data (W) and curve plotted for com- 
parison with minimum angle of resolution data (IM), best 
estimates of migraine scotoma size (©) and cortical magnific- 
ation (©). All data are scaled to coincide at 20° where the 
ganglion cells are unaffected by excavation and where the best 
estimates of migraine scotoma lengths and cortical phosphene M 
values are most reliable. Visual resolution at this point is also 
considered to be relatively unaffected by optical degradation. ®© 
The origin of the best estimates is shown in (6) and (c) which are 
based on thé data of Richards? and Brindley and Lewin™. The 
main ordinate is scaled in arbitrary units based on the intercept 
of the receptive field curve which therefore satisfies equation (1) 
when k = 1. The displacement of the receptive field data points 
relative to the curve as compared with Fig. 1 is due to the rescaling 
at the 20° point. The graph shows the proportionality between 
the different criteria of cortical representation which are 
reflected in the high correlation coefficients quoted in the text. 
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teristics of two individual subjects. The finding of the present 
report is clearly based on extensive new data, and probably 
therefore more reliable. : . 

Due to the near-perfect correlations between the  1/v D, 
values and other criteria, the following equation not only _ 
describes the variation of 1/v D, with 0, but has some remark- = 
ably general properties in relation to the structure and functions 
of the visual system l 










V=k[l + S0(1 +302 10+ 8S0 x10] 


V provides an estimate of 1/yv D, ‘or any of its. correlates, 
such as 1/M or the threshold of resolution, at a peripheral © 
angle 9 if in each case the foveal value is substituted for k. S= _ 
determines the initial slope of the regression curve but the peri- 
pheral slope and the limit of the visual field are controlled by“ ~ 
the last two terms. If data averaged for all meridians are con- 
sidered, S = 0.59 and the linear relationship, V = k(1+-0,598). 
gives a useful approximation when 0 is less than 30°, - | E 

The number of receptive fields per solid degrée at a peri- 
pheral aņgle,9 is easily estimated from equation (D-E k=. | 
0.0055 the 1/v D, value at the fovea, V gives 1/,/ D, at 0 from. 
which D, is deduced. Similarly, if k = I/M for the. fovea, 
or 1/11.5 then V = 1/M at 0°, and M, and thus M? are easily 
obtained. (In the case of the monocular temporal crescent, 
however, the estimates of M and M? should be divided byv/2 
and 2, respectively.) Again, if k is the foveal threshold of ree 
solution in minutes of arc, V provides the value at 0 and thus... 
its reciprocal, the Snellen decimal acuity. The maximum spacial © 
information density in bits per solid degree is then 3600/V?, 
following the logic of simple information models of vision™*. _ 
Such estimates are, of course, primarily related to the threshold a 
of practiced observers. a 

The use of equation (1) is extended specifically to the tem- _ 
poral nasal, superior and inferior portions of the principal _ 
meridians of the visual field, if S = (0.46— 0.000430), (0.50+ = 
0.00190), (0.62 -4- 0.00336) or (0.66 — 0.00068). The corresponding 
curves, as with the general form of equation (1), havea short 
portion which is adequately simulated by a straight line. In- — 
this case S = 0.46, 0.50, -0.62 or 0.66 and V =k (+8509). 
This simple relationship is applicable when 0 < 35°, 20°, 10°, 
and 20°, takfhg the meridians in the above stated order. a 

The linear function, V = k(1+-S6), for small angles permits 
the possibility of the following analytical solution to the prob- 
lem of cumulative estimates: 


c- [7 2n0d@ 2n 


i oe 
ka + SOP KS) logedL + 8) + To] D 


This gives a cumulative estimate which is within 1% of the i 
value indicated by this study if @ < 10°, thereafter it becomes. — 
less accurate and overestimates by 5% at 45°. The symbols _ 
are as in equation (1), thus if K is 0.0055 equation (2) gives an. 
estimate of the total number of receptive fields in a concentric 
solid angle of visual space, where @ is the angular semi-diameter. 
Similarly, if k = 1/M for the fovea, that is 1/11.5, equation (2) 
gives the area of cortex (mm?) again corresponding to the same. me 
concentric solid angle. Due’ to the nature of the cortical pro- = 
jection, however, areas of less than 100 mm ? are best described. 
as a percentage of cortical input. i l 

When the receptive field counts assessed by numerical in- 
tegration of D, and solid angle were examined it was-noted 
that the cumulative count can be described by the simplest 
and perhaps the most useful equation 














Q = 100[] —exp(--0.05746)] (3) 


where Q gives a close approximation to the percentage of 
total receptive fields, striate area or information channel 2 
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Fig. 3 Cumulative counts of ganglion cell receptive fields 
provided a method of estimating the percentage of the surface 
area of the striate cortex corresponding to a concentric region 
of visual space. QO is cumulative °% of receptive fields, cortical 
area or channel capacity; @, % receptive fields found in this 
study; W, ° using equation (1) instead of actual data, curve is 
that of equation (3). Additional points derived from the estimates 


si: 


of areas from neurological maps of Holmes! 0, Spalding? A, 


Enans 


Teuber et al? ©, and Duke Elder © are shown for com- 

parison. Although such charts are designed to convey a quantitive 

impression, ambiguity is inevitable with the two-dimensional 

projection of the brain surface. Approximate values were 

obtained by studying the charts in conjunction with anatomical 

material and models, and assessing the area of redrawn sections 
by use of rectangular grids. 


capacity for a concentric solid angle of visual space with an- 
gular semi-diameter of 0°. The cumulative count and the curve 
of equation (3) are shown in Fig. 3 and these may be compared 
with the result of an attempt to relate the present findings 
to accepted neurological schemes. 

Contemporary theories present a complex picture of the 
neural connections of the visual system, but this does not 
diminish the usefulness of these equations which merely re- 
flect the quantative relationships between assembled data and 
do not depend on a hypothesis involving sensory units. 

I thank Mrs Angela Barnes for assistance with the integra- 
tion for equation (2), and Miss L. F. Jenkins and Mr J. K. 
Querido for translations. 
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Enkephalin may mediate . 

euphoria and drive-reduction reward | 
THE identification in brain of opiate receptors! and 
morphine-like pentapeptides (methionine-enkephalin and 
‘leucine-enkephalin)’ has led to suggestions that enkephalin 
receptors may be sites at which opiate drugs induce analgesia 
and euphoria, and that the enkephalins themselves may be 
transmitters or modulators in brain systems for the 
regulation of pain and pleasure”. Observations in animals 
reveal that appropriate central administration of enkephalin 
produces morphine-like analgesia’® and physical depen- 
dence. We report here that enkephalin also may share 
the euphorigenic or rewarding properties,of morphine in 
that rats will work for enkephalin injections delivered 
directly into the ventricles of their own brains’. Of 
particular interest, in the light of the generally superior 
potency of the methionine peptide’**, is the observation 
that leucine-enkephalin is self-administeréd with greater 
avidity: than methionine-enkephalin, * 

Guide cannulae, of 19-gauge stainless steel tubing, were 
implanted above the lateral ventricle in 300-400-g male 
Charles River rats under pentobarbital anaesthesia. Follow- 
ing a recovery period of at least 1 week, rats were tested 
for intraventricular self-administration behaviour in a 
Skinner Box” e A 25-gauge stainless steel injection needle 
was inserted in the lateral ventricle via the guide cannula. 
The needle was connected by polyethylene tubing through a 
feedthrough swivel device to an infusion pump. The tubing 
contained one of the substances (dissolved in Ringer’s 
solution and adjusted to pH 5.8) listed in Table 1. Each 
lever-press response delivered | ul of fluid to the brain in 
0.9s; however, responses made during the 0.9-s infusion 
intervals had no consequences and went unrecorded: Each 
rat was tested once and had access to only one solution. No 
lever-press training was given; rats were merely placed in 
the Skinner box, with food and water available, for a 66-h 
session. 

The peptides were synthesised at Wyeth Laboratories or 
purchased from Bachem Inc. After purification by gel 
filtration (Sephadex G10), homogeneity of the peptides was 
verified by amino acid analysis and thin-layer chroma- 
tography. The use of highly purified material was essential; 
central administration of unfiltered leutine-enkephalin often 
caused lethal convulsions. After storage in polyethylene 
tubing for 66 h, solutions of methionine-enkephalin exhibited 
a negligible loss of activity in a standard opiate receptor 
binding assay’. 

Rates of self-administration were significantly higher for 
the enkephalins and morphine (but not the structurally 
related tetrapeptide, Tyr-Gly-Gly—Phe) than for Ringer’s 
solution (Table 1). The order of preference for the peptides 
when tested at either I or 10 ug per injection was leucine- 
enkephalin > methionine-enkephalin > Tyr-Gly—Gly—Phe (Fig. 
1). Both concentrations of leucine-enkephalin were self- 
injected at a higher rate than the single dose level of 
morphine (0.5 ug per injection), although in neither case 
was the difference statistically significant. The 1-zg doses of 
both pentapeptides caused more rapid learning of self- 
administration behaviour than the 10-ug doses, but the 
10-zg doses generated a more sustained performarice level 
(Table 1). Massive dosages of leucine-enkephalin (up to 
10 mg in 66 h) were taken by the best responders, despite the 
possibility of tissue damage or other adverse effects that 
might have been produced by the passage of large volumes 
of fluid through the brain ventricles. Indeed, injections of 
the Ringers vehicle itself suppressed lever-pressing be- 
haviour. The mean response rate in the Ringer’s group fell 
significantly below that of a non-injected group tested with 
empty syringes (P<0.005). 

To test that nonspecific behavioural stimulation. was not 











557 








Table 1 Summary data of self-administration experiments 


‘Dose First 


(Shireen aae anane AO AAT 


Mean self-administr&tion responses +-s.e.m. 





No. of Ose Final 66-h Highest 6h 
Drug rats (ug pl) i 24h 24h Total Tate r 
€ * 
Ringers — 25 64.0+ 10.7 §4.7+11.3 167.9 +24.3 
Morphine sulphate 9 0.5 103.44-35.2 89.1 + 14.4 283.0 +- 67,1* 
Tyr-Gly-Gly-Phe | 5 l 71.84+29.5 96.8 -+47.7 237.6 + 103.0 
14 = 10 74.0-+17.4 85.0 + 26.8 221.8 -+54.2 
Tyr-Gly-Gly-Phe-Met is | 103.9-+16.57 120.7 +41.9* 287.5 4-70.17 
a a 3.3 93.3414.8 86.2-+15.2 252.1 +35.6* 
eA ee 10 79.2+14.9 105.5 +-21.5t 266.6 + 50.7* 
| Tyr-Gly-Gly-Phe-Leu 7 6 TO a” 141.7 +29.8ł 99.7 +36.8 333.2 4-60.91 
48 10 116.6+43.2 186.9 + 56.47 4324+ 131.3+ 


aT different from Ringer’ s solution, "P<0. 05. 
- TP<0.025. 
{P< 0.005. e 





. R&ts implanted with pennaneni ndwele intraventricular ie had continuous access to one of the indicated drug solutions in a single 
66-h test. Each lever-press response delivered 1 pl of solution into the lateral ventricle in 0.9 s. | 


responsible for the high response rates in the enkephalin 
groups, rats previously, trained to lever press for food or 
brain-stifmulation rewards were treated with deucine- or 
methionine-enkephalin (50-200 4g, intraventricularly) just 
before the behavioural test. Lever-press rates were sup- 
pressed rather than facilitated by both peptides (Table 2), 
and observations of the animals revealed that their activity 
level had been depressed rather than increased. The 
behaviour more plausibly may reflect a ®*morphine-like 
rewarding or addicting action of the peptides. The observed 
preference for ileucine-enkephalin over methionine- 
enkephalin also may be. consistent with a reward interpreta- 
tion. Opiate receptor binding by the leucine peptide is 
reduced more by sodium and enhanced more by manganese 
than is the case for the methionine peptide’. Since a 
similar sensitivity to sodium and manganese differentiates 
the highly addictive opiate agonists from other classes of 
opiate drugs” these observations provide independent 
evidence that leucine-enkephalin may be a ‘purer’ opiate 
agonist with greater addictive or euphorigenic potential than 
methionine-enkephalin. 

Why would a natural substance such as leucine- 
enkephalin possess addictive properties? One interesting, if 
highly speculative, possibility is that a peptide similar or 
identical to leucine-enkephalin. may serve as a natural 
euphorigen® or reward transmitter. If this conjecture were 
true, reward or addiction should also be produced by release 


, Fig. 1 Intraventricular self-administration of opiate peptides 
and morphine. a, lO ug per injection; b, 1 pe per injection. 
Curves show mean number of self-injections, cumulated at suc- 
cessive 6-h intervals over the entire 66-h test, of different 
groups of rats. ‘For further details see Table tL. WET yr-Gly- 


Phe-Met: A. Try-Gly-Gly-Phe; ior Ringer's. 
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of endogenous peptide following electrical activation of 
enkephalin-containing neurones in the brain. Behavioural 
and immunohistochemical observations may be consistent — 
with this prediction. Sites that yield high rates of ii 
stimulation and those that contain dense networks of — 
enkephalin-like immunoreactivity” often overlap in precisely 
the same brain regions (for example, pontine central grey, 
zona compacta of the substantia nigra, bed nucleus of the 
stria terminalis and nucleus accumbens). According to our 
hypothesis, self-stimulation of these regions would depend at 


least in part on the electrically-induced release of enkephalin «u 


and the consequent activation of opiate ‘reward’ receptors. 
If so, the behaviour should be suppressed or extinguished 
following administration of an opiate receptor antagonist 
such as naloxone. 





Table 2 Suppressant action of enkephalin on operant behaviour 
maintained by food or brain-stimulation reinforcernent 


ealain Gah yN pA a pti 


Dose Lever-press rate (% of no drug) 

Drug (ug) Food N Brain stimulation N 
Ringer's 125.5 -23.4 4 101.84-12.4 g 
Methionine 50 57.6 425.6 4 not tested 

-enkephalire i: 
l 100 46.1 4+-35.9 4 84.345.2 3 
200 not tested 38.8 428.6 F) 
Leucine 100 57.8 -16.1 &* 61.1+2.0 2 
«enkephalin . ; 
200 . 39.8 +. 39.5 2 28.608 2" 2 





*Significantly different from Ringer's P< 90.05. “ 
Lever-press. responses were reinforced either by electrical stimula~ — 
tion of the medial forebrain bundle on a continuous schedule or by 


presentations of sweetened milk on an aperiodic schedule (average, 
once every 2 min). All drugs were dissolved in 10 pl of Ringer's 
solution and injected in the lateral ventricle either 20 min after: th a 





start of the 40-min brain-stimulation reward test or immediately 
before the 72-min food reward test. N, number of rats. 


® ae 

Eight rate with electrodes in or just lateral to the pontine $ 
central grey received self-stimulation training until their 
l-h response rates had stabilised (range, 1,200-5,000 res- 
ponses per h). The central grey region was selected for initial 
testing because electrical stimulation of this site induces 
profound analgesia as well as high-rate selfStimulation”. 
Naloxone hydrochloride (0.1-10 mg kg™, 
was administered at weekly intervals immediately before the 
behavioural test. As predicted, dose-related decreases in the 
self-stimulation rate were obtained in virtually ‘every case 
(Fig. 2). Because the central grey region contains: high 
concentrations of noradrenaline”, a substance previously 
shown to be involved in self-stimulatian” , the same rats 
were further tested with different doses of the noradren- 
aline synthesis inhibitor, diethyldithiocarbamate: Again, 


subcutaneously) 





Self stimulations (",, control) 


\ 
\, 


30 i t 
0.1 Dose (mg kg~') 


Fig. 2 Dose-related suppression of central grey self-stimulation 
following subcutaneous administration of the opiate antagonist 
naloxone #7) or the dopamine-B-hydroxylase inhibitor diethyl- 
dithiocarbamate (b). Each data point is the mean of 3-8 
observations. Bars indicate standard erroys. , 


response rates were suppressed in a dose-related fashion 
(Fig. 2). These results suggest that central grey self- 
stimulation may depend on the activation of both nor- 
adrenaline-containing and enkephalin-containing neurones; 
indeed, since all of the enkephalin-rich self-stimulation sites 
referred to above are also rich in catecholamines”, it is 
= possible that the reward process may generally be regulated 
by the interaction of noradrenaline, dopamine, and enke- 
phalin systems. Studies on intravenous self-administration 
of opiate drugs similarly suggest that catecholamine 
mechanisms are involved in opiate reinforcement”. 

Diverse, but complementary, reward functions can also be 
recognised at the behavioural level. One of these corre- 
sponds to a state of incentive, and is the process by which 
behaviour in pursuit of a goal is motivated and steered; this 
‘drive-inducing’ reward function may be mediated by 
catecholamines’’. The second correspends to a state of 
satisfaction or well being, and is the process by which an 
episode of behaviour is ended following the attainment 
(and consumption) of the goal; this ‘drive-reduging’ reward 
function may be mediated by an opiate peptide such as 
leucine-enkephalin. 

We thank C. D. Wise for advice and measurements of 
opiate receptor binding activity, V. Garsky for purifying the 
peptides, and A. T. Shropshire and H. Morris for technical 
assistance. 
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elective vulnerability e o 
of neurones in organic dementia 


Tuere Are many causes of the clinical state dementia. Excluding 


, those patients with tumours, infection or vascular disease, there 


remains a large group! whose brains are atrophied and contain 
an excess of senile morphological change (senile plaques, neuro- 
fibrillary degeneration and granulovacuolar change) in the 
cortex. When this condition occurs before the age of 65 years 
it is known as presenile dementia or Alzheimer’s disease; after 
this age it has been called senile demertia. Since there is no good 
reason on pathological grounds? to maintain this distinction, we 
use the term Alzheimer’s disease irrespective of the patient’s age. 
Together with Parkinson’s disease and Humtington’s chorea, 
Alzheimer’s disease is one of a group of disorders that Go'vers 
(see ref. 2) called abiotrophies, in which nerve cell loss appears 
to occur in characteristic pattern§ (that is, substantia nigra, basal 
ganglia and cortex, respectively). The cause ofthis cellular death 
remains unknown. Morphological assessment of possible nerve 
cell loss? of glial cell increase? has been difficult, particularly in 
Alzheimer’s disease. We have sought therefore to complement 
histological findings by measuring appropriate biochemical 
constituents of brain as indices of total neural cell numbers. 
Whole temporal lobes have been homogenised and analysed and 
the results expressed per lobe. The results* suggest that whilst 
the total number of glial cells is relatively unchanged, there is a 
loss of approximately half the total nerve cell population. This 
estimate is based on comparison with age-matched controls, 
and so the selective neuronal loss is probably a disease-related 
phenomenon. These findings conform with conclusions drawn 
from morphological data’. 

Evidence of selective changes in the number or state of specific 
types of neurone has been obtained by measuring the concentra- 
tion of putative neurotransmitters and their biosynthetic 
enzymes. Thus there is selective reduction in the concentrations 
of dopanfine® in the substantia nigra and GABA‘ in the striatum 
in patients with Parkinson’s disease and Huntington’s chorea 
respectively, suggesting a defect in dopaminergic or GABA- 
containing neurones. Choline acetyltransferase (CAT) and 
glutamic acid decarboxylase (GAD) are believed to be markers 
of cholinergic and GABA-containing neurones, respectively®. 
In Huntington’s chorea GAD activity is selectively depleted only 
in morphologically affected regions’°,, There are indications, 
however, that in Alzheimer’s disease, the activity of CAT is 
reduced (compare groups 4 and 5, Table 1) and that this parallels 
increasing senile morphological change®, which in turn correlates 
with dementia score”. 

It is unclear whether or not our earlier finding of reduced 
cortical GAD activity in Alzheimer’s disease (group 5, Table I) 
accurately reflects the pre-terminal state of GABA-containing 
neurones’. This is because most demented patients die from 
severe bronchopneumonia® and probably also have a defective 
respiratory reflex!? with reduced cerebral blood flow terminally’. 
This is important, for GAD activity and the concentration of a 
soluble acidic brain protein (neuronin S-6) seem to decline 
both in baboon brain with reduced cerebral blood flow™ and in 
human brains from non-demented patients either dying of 
bronchopneumonia (compare GAD activity in groups 3 and 4, 
Table 1) or with evidence of more severe terminal cerebral 
hypoxia’. Furthermore, the concentration of neuronin S-6 is 
markedly depleted in cortex from cases of Alzheimer’s 
disease*'!®, There are indications'® that this decrease in GAD 
activity is because of denaturation at acidic pH values. Our 
findings, and those of McGeer and McGeer’® on the effects of 
terminal coma, demonstrate the importance of making allowance 
for the agonal state. 

In an attempt to resolve these difficulties we have examined 
cortical biopsies removed at craniotomy (group 2, Table 1). 
Most of these were cases of Alzheimer’s disease, and the mean 
CAT activity is reduced by over 50% while GAD activity is 
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Table 1 Choline. acetyltransferase (CAT) and glutamate decarboxylase (GAD) activities in human post-operation and post-mortem 
. è neocortical specimens è 
Brain specimen and group no. CAT activity GAD activity Total prótein 
l (units per min) e (units per min) (mg per g wet weight 

Post-operation specimens setae 
(1) Control tissue* 66.80 + 26.96 (10) 1333 -4-467 (8) 81.2 +97, 5 (10) 
(2) Alzheimer’s disease and related disorders} 27.52 + 15.38 (6)? 1393 +329 (5) . 75.74 17. 6 6 
Post-mortem tissue} . 
(3) Controls dying suddenly 62. 18+ 14.75 (12) 1090 +- 460 (17) 74.6414.9 ( 
(4) Controls dying of bronchopneumonia 71.83 +- 16.42 (7) 690 +182 (8)° 75.1+18.4 (7). 
(5) Alzheimer’s disease dying of bronchopneumonia 36.62 +°10.65 (6)° 295 +.89 (93% | 





75,1410. 4 (8). 


CAT, GAD and protein were measured as previously described®. Data are mean + s. d.; numbers in brackets are number of cases; enz 


units are pmol acetylcholine or GABA formed per mg protein. *~“Identify significant differences between closely matched groups... = 
“group 5 compared with 4, P <0.001. GAD activity: “group 4 compared with 3, P < 005; 


activity: ‘group 2 compared with 1, P<0.01; 
“group 5 compared with 4, P <0, 001, 


$95 


*Normal neocortex removed at surgery for tumours; mean age 42-+-20 (range 10-67). For these specimens neither CAT nor GAD are age- a 
dependent which contrasts with data for post-mortem samples from cases aged 5--50 (ref. 23). A 
tNeocortex from 2 biopsy confirmed cases of Alzheimer’s disease and 2 probable cases; an adolescent with cerebral atrophy and some’ a 
symptoms of schizophrenid (‘dementia praecox’) and a case of Parkinson’s disease with a sister with pre-senile dementia; mean age 49418- 


(range 18-65). 


¢Calculated from previously published data for neocortex from cases matched with respect to the interval between death and autopsy. The. 
ages for groups 3, 4 andeS are 72-+13 (range 50-100), 66 + 16 (range 37-84) and 854-5 (range 79-97). For these specimens nejther CAT nor 


GAD activities are age-dependent’. 


unaffected. For the four Alzheimer cases alone CAT activity 
(24.104+-18.63 units) is reduced (P < 0.02) by a mean of 64% 
while GAD activity (1298 --205 units) is unchanged. The 
results for the biopsy samples are unique for this is the first 
time that CAT activity in diseased human brain has been shown 
to be reduced with GAD activity remaining unaltered. Com- 
parable results have been reported recently’ for the density of 
putative acetylcholine and GABA-receptor binding sités in 
striatum in Huntington’s chorea. 

The depletion in CAT activity that we have detected is of 
particular interest because the anticholinergic glycolate esters, 
of which the muscarinic cholinergic marker quinuclidinyl 
benzilate’’ is a prominent example, can cause complete am- 
nesia!®. Furthermore, despite inconsistencies in the literature’, 
at least one pharmacological study*® on humans indicates that 
the *cholinergic system is involved in age-related memory 
degeneration. In order to provide a rational basis of treatment 
other tentative markers of the state and number of specific 
types of neurones are being measured. Preliminary results are 
encouraging for in one case (a 63-yr-old patient that prob- 
ably had Alzheimer’s disease) CAT activity in the biopsy 
was reduced by 67°% and the high affinity uptake of choline 


*was found to be reduced by 66°% (the control uptake data -1-s.d. 


expressed as c.p.m. per mg protein per c.p.m. per ml medium? 
being 0.0097 +-0.0029, N = 7). In contrast, GAD activity and 
guanylate and adenylate cyclase activities (the latter being 
potential indices of the post-synapse) and f-alanine indepen- 
dent GABA uptake™ were all within 1.5 s.d. of the appropriate 
mean control value. 


When the data for the biopsy and? r samples are | 


considered together they suggest that at least the presynaptic 
cholinergic system is selectively affected in Alzheimer’s disease. 
This perhaps offers the possibility of treatment with a centrally 
acting anticholinesterase for at present only about 14% of 
cases of organic dementia are treatable”. This therapeutic 
approach may not be entirely successful, however, as there are 
indications that other aspects of brain metabolism may be 
decreased, which may interact with the presynaptic cholinergic 
system??. 

This work was made possible due to the help from many* 
colleagues. We are particularly grateful to Professor J. A. N. 
Corsellis, Dr Alan Cowey, Mr Anthony J. Strong and Mr 
Lindsay Symon. The work was supported by the MRC, the 
Marks Charitable Trust and the Wellcome Trust. 

Note added in proof: Data published recently ~*’ substantiate 
our contention that the pre-synaptic part of the cholinergic 


- system might be selectively affected in Alzheimer’s disease. 
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Catechol oestrogens inhibit 


oestrogen elicited accumulation 


of hypothalamic cyclic AMP 
suggesting role as endogenous anti-oestrogens 


THE catechol oestrogens, including 2-hydroxyoestradiol and 
2-hydroxyoestrone, are recognised as major metabolic pro- 
ducts of oestrogen’. Catechel oestrogens are present in both 
pituitary and hypothalamus in concentrations at least ten- 
fold higher than the parent oestrogens’. In addition, the 











synthesis of catechol oestrogens by rat hypothalamic tissue 
in vitro has also been reported’*’, Catechol oestrogens com- 
pete with 17-8-oestradiol (E+) for soluble oestrogen receptors 
of the pituitary and hypothalamus’, suggesting a role for 
these compounds in the contrôl of gonadotrophin secretion 
within the pituitary-hypothalamic axis. We have investi- 
gated the effects of 2-hydroxyoestradiol on the oestrogen- 
elicited accumulation of cyclic AMP in intact hypothalami 
in vitro, and we report here that 2-hydroxyoestradiol an- 
tagonises the increase in cyclic AMP elicited in hypothalami 
of immature female rats by both diethylstilboestrol (DES) 


and E: suggesting that 2-hydroxyoestradiol may function 


as an endogenous anti-oestrogen. 

Confirming previous reports™® °>", both DES and E: 
significantly stimulated the accumulation of cyclic AMP in 
incubated rat hypothalami. Preincubation of hypothalami 
‘with equimolar (204M) concentrations of 2-hydroxy- 
oestradiol significantly inhibited the DES and E: stimulated 
accumulation of cyclic AMP by 57% and 68%, respectively 
(Table 1). At 204M, 2-hydroxyoestradiol alone did not 
significantly stimulate the accumulation of cyclic AMP. In 
contrast to inhibitory effects of 2-hydroxyoestradiel, its O- 
methylated metabolite (2-methoxyoestradiol) was inactive at 
concentrations up to 50 uM. Previous studies’ have shown 
oestrone and oestriol to have no significant stimulatory 
effects on the accumulation of cyclic AMP. Equimolar 
(20 aM) concentrations of either oestrone or oestriol in- 
hibited DES-elicited accumulation of cyclic AMP only 


“marginally. The anti-oestrogen clomiphene citrate (20 uM) 


was previously shown to antagonise® (by 50%.) the effects of 
DES (20 M); this finding was confirmed in the present 
study (41% inhibition, see Table 1). 

The ability of oestrogenic compounds to stimulate the 
formation of cyclic AMP in the isolated hypothalamic 
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preparation seems to parallel the oestrogenic potency of 
these compounds both in vivo and in vitro™®. In 
addition, the oestrogen-elicited increases in cyclic AMP are 
antagonised by the anti-oestrogen clomiphene and are not 
observed with physiologically inactive oestrogen enantiomers 
such as 17-a-oestradiol. Furthermore, both clomiphene and 
2-hydroxyoestradiol are ineffective in antagonising the 
effects of DES if added 40 min after the oestrogen, and 
both a- and -adrenergic antagonists are effective 


®, + . + * + . 
inhibitors”. These observations suggested that an initial 


binding to hypothalamic oestrogen receptors is a pre- 
requisite for DES- or E.-elicited accumulation of cyclic 
AMP and the stimulatory effects of oestrogens on cyclic 
AMP formation result from an  oestrogen-receptor 
dependent release catecholamines rathere than a direct 
activation of an  oestrogen-receptor linked adenylate 
cyclase’. 

Our data clearly demonstrate that the catechol oestrogen 
2-hydroxyoestradiol, like clomiphene, antaggnises the effects 
of both DES and E; on generation of cyclic AMP in the 
hypothalamts, whereas weakly oestrogenic compourfds such 
as oestriol and oestrone are ineffective as either agonists" " 
or antagonists. The observation that 2-methoxyoestradiol 
does not antagonise the effects of DES in vitro indicates 
that O-methylation may serve as a major route of 
inactivation for these compounds as this pathway proceeds 
readily both if vitro and in vivo”. 

The presence of catechol oestrogens in brain and various 
endocrine tissues in concentrations that exceed those of 
the parent compounds’ suggests that these catechols could 
function as endogenous anti-oestrogens, and thus may 
regulate the actions of oestrogens in situ. Reports that 
administration of 2-hydroxyoestrone to ovarectomised, 
oestrogen-primed female rats'® or immature male rats” 


Table 1 Inhibition of oestrogen-elicited accumulation of hypothalamic cyclic AMP by 2-hydroxyoestradiol 


Series I 
Additions 


None 

DES (20 M) s 
2-hydroxyoestradiol (20 uM) 

DES (20 uM) +2-hydroxyoestradiol (20 uM) 
DES (20 uM) + 2-methoxyoestradiol (50 uM) 
17-B-oestradiol (20 uM) 


17-B-oestradiol (20 uM) + 2-hydroxyoestradiol (20 uM) 


Series H 


Additions 
None 
DES (20 uM) 
DES (20 uM) + clomiphene citrate (20 uM) 
DES (20 uM) + 2-hydroxyoestradiol (20 pM)t 
DES (20 uM) + oestrone (20 uM) 
DES (20 uM) + oestriol (20 uM) 


Cyclic AMP Inhibition 
(pmol per mg protein) (%) ; 
8.9 -+-0.9 (8) 
25.5+2.4 (7) 
9.0+2.6 (3) 
15.9 +2.2 (6) F 57" 
25.5+1.5 (3) 0 
12.0 --0.5 (5) 
99 +09 (4) + 68+ 
Cyclic AMP Inhibition 
(pmol per mg protein) (%) 
6.3 40.6 (7) 
18.4+0.5 (6) 
13.4 +-1.4 (5) AL§ 
16.3-41.8 (7) 17 
18.6 ¢ 1.4 (6) 0 


a a 


Female,Sprague~Dawley rats (Taconic Farms), aged 26-28 d were used. Animals were killed by decapitation and hypothalami removed and 


dissected®*. Hypothalami from groups of 10 rats were incubated at 37 


°C in 20 ml Krebs-Ringer bicarbonate buffer with glucose (KRBG)’ and 


gassed with 95% O,-5% CO,. After 45 min hypothalafhi were washed once with an equal volume of KRBG and transferred to individual 30-ml 
beakers containing 10 ml of KRBG plus test agents. Steroids were dissolved in 75 °% ethanol and added in a volume of 20 pl. Hypothalami were 
pre-incubated with catechol oestrogen (or clomiphene) for 10 min before addition of oestrogen. Hypothalami receiving oestrogen alone received 
an equal volume of 75 °% ethanol 10 min before addition of oestrogen. After addition of oestrogenic compounds incubations were continued for 
an additional 70 min and terminated by homogenisation of hypothalami in 1 ml of 5% trichloroacetic acid. Recovery of cyclic AMP was moni- 
tored by adding 0.1 pmol of 3H-cyclic AMP (22 Ci mmol ~). After centrifugation, 300 ul of supernatant was withdrawn, 20 ul of 1 N HCI was 
added, and the trichloroacetic acid supernatant was extracted four times with three volumes of diethyl ether. Residual ether was removed by 
heating at 56 °C for 3 min. Samples were frozen on dry ice and lyophilised. Cyclic AMP was determined by the protein binding technique of 
Gilman’ as modified®. Protein was determined by the Miller’ modification of the Lowry technique. Inhibition (as%) of oestrogen effects by 


putative antagonists was calculated by the formula 


{1 


_f (oestrogen + antagonist) — basal y TERT ° 
(oestogen) — basal ` 


Steroids, radioisotopes and reagents were from sources described before #6, Values are mean +s.e.m, 


*P < 0.02 Student two-tailed 7 test. 

tNot significantly different from no additions. 
$2-Hydroxyoestradiol added 40 min after DES. 
§P < 0.01, Student two-tailed ż test. i 
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produces marked elevations in plasma luteinising hormone 
are also consistent with an anti-oestrogen action for the 
catechol oestrogens. 

We thank Dr J. Axelrod for helpful discussions and 
Mrs Linda Stalvey for technical assistance. Dr J. Fishman 
provided 2-methoxyoestradiol and 2-hydroxyoestradiol was 
from Schering, Berlin. 
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Prenatal exposure of 
human foetuses to synthetic 
progestin and oestrogen affects personality 


THe offspring of mothers given steroid hormones for the 
maintenance of at-risk pregnancy provide a human popula- 
tion equivalent to experimental animals for investigating 
early hormone effects on behaviour and personality’. Al- 
though patients showing the genetically induced clinical 
endocrine syndromes” associated with diminished or aug- 
mented prenatal hormone levels have been used as an alter- 
native source of subjects, they are less useful, as results 
attributed to the altered hormone environment can also 
be attributed to genes linked to the primary source of the 
endocrine disfunction. Investigations using offspring of 
hormone-supported pregnancies are equivalent to the animal 
studies because in both cases the source of hormone inter- 
vention is exogenous. We report here that prenatal exposure 
to synthetic progestins and oestrogens affects later person- 
ality in humans. 

Hormones administered to support at-risk pregnancy 
include both natural and = synthetic progestins and 
oestrogens. Many of the synthetic progestins are similar 
chemically and in action to androgen**® and in some cases 
masculinise the genitalia of exposed females. Only three 
samples of prenatally hormone-exposed individuals have 
been studied previously*'*’, Unfortunately, all three of 
these studies suffer from design problems including lack 
of controls gr inappropriate control groups, small sample 
size, and incomplete treatment information. Although 
individuals born of pregnancies treated with steroid 
hormones provide the best population with which to study 
the effects of the prenatal hormone environment on human 
behaviour, the paucity of such studies is understandable 
due to the difficulty of identifying and locating subjects 
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whose mothers received hormonal intervention | during — 
pregnancy and appropriate control groups. This. investiga- a 
tion was designed to overcome the problems of the previous: 
studies and to expand their findings. 3 

Six hundred Tecords from stwo Los Angeles cline aad 
a private medical practice were reviewed. Thirty 
families were identified in which at least one pre} 
had been treated with synthetic progestin alone o 
bination with oestrogen and at least one pregn 
not been treated with these hormones. Of the 600 
reviewed, only two children exhibited congenital. . 
malities; namely a heart defect and missing fingers’ 
toes. All available offspring of every family were evaluated 
for inclusion in the study. To participate, offspring of the 
treated and untreated pregnancies had to conform to the 
following criteria—the same parentage within families; at 
least 5 yr of age at time of study; and complete doctor and 
hospital records on pregnancy and delivery. Thirty-six. 
physicians and 50 hospitals across the United States 
furnished the pregnancy and delivery records for the | 
unexposed siblings and additional information on the 
treated pregnancies. The criteria for qualification as a : 
treated pregnancy included a dosage minimum of 450mg. 
progestin (range 478~-9,890); duration of at least 4 weeks: 
(range 4-36); and treatment beginning in the first trimester 
of pregnancy. The final sample comprised 42 hormone- 
exposed subjects aged 5-17 yr (15 males and 27 females) 
and 42 unexposed siblings (6-18 yr; 18 males and 24 
females). Birth order was balanced between exposed and «s 
unexposed subjects. 

It was thought that a group of subjects could be found 
whose mothers were treated with a similar and consistent 
hormone regime during pregnancy, but review of medical. @ 
records showed that treatment schedules, dosages and 
hormone combinations varied considerably not only among: . 
doctors but from patient to patient. Physicians frequently — 
administered several different progestins and/or oestrogens ` 
to a single woman over the course of pregnancy. The most 
generally administered hormone preparations were Colpro- 
sterone, Norlutin, Delalutin, Deluteval, Provera, Provest 
and diethylstilbestrol. This necessitated the post hoc strategy 
of segregatiag subjects into two groups based on treatment . 
regime. Group placement was defined by the ratio of > 
progestin to oestrogen administered to the mothers of 
exposed subjects. The 26 members of the progestin group 
(P.) were exposed to a mean ratio of 548 mg progestin. — 
to Img oestrogen, when they were exposed to both = 
hormones. Mothers of 17 subjects from this group received. 
no oestrogen at all. Mean progestin intake per matter was > 
2,994 mg (range 525-9890). The 16 subjects in the 
oestrogen group (Op) were exposed to more oestrogen than 
progestin. The mean ratio of progestin to oestrogen was. 
1:4 and the mean total dose of oestrogen per subject was: 
6,119mg (range 3,500-13,905). Mean ages for exposed 
subjects in the P, and Op groups were 12.46 and 12.064 
respectively; mean ages of unexposed siblings for both the 
Po and Op groups were 11.8 yr at time of testing. Subjects 
were given the age-appropriate Wechsler intelligence scale 
and Cattell personality questionnaire by testers with no 
knowledge of the purposes of the study and the treatment — Es 
category of the child. These instruments were selected for _ 
their comparability of scores across age groups. 

Analysis of covariance was applied to TQ and personality - 
scores to eliminate possible confounding influences a re 
as heredity~family environment and prenatal and ee 
complications. The covariate of unexposed sibling score . 
acted as a statistical control for heredity and family — 
environment and prenatal and perinatal complications scores. 
(severity and number of prégnancy and*delivery problems) 
acted as controls for the at-risk nature of the treated. 
pregnancies, Statistical application of these covariates to 
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the scores of subjects in the exposed groups adjusted them 
so that they could be considered as, having been generated 
from subjects obtained through pre-experimental random 
assignment to groups. This adjustment provided a post hoc 
statistical technique yielding % basis for the assumption of 
equality of groups before the application of treatment. 
Covariance analysis Was also used on difference scores 
generated by subtracting the score of the unexposed sibling 
from that of the exposed subject within families—only 
prenatal and perinatal complications scores were applied 
as covariates. 

Prenatal hormone exposure significantly affected subjects’ 
responses to the personality measure. Significant differences 
between the P, and Op treatment groups were found on 
five personality factors: P, group subjects were significantly 
more independent, sensitive, individualistic, self-assured and 
self-sufficient than the exposed offspring of the O, group, 
while the Op group subjects were more group-oriented and 
group-dependent (Table 1). 





Table 1 Progestin (P,) and oestrogen (Op) groupymeans for five 
personality factors 





Ind. I J O Q, 
P, 7.30 6.75 7.82 2.54 6.70 
Op 5.13 5.28 4.04 5.07 311 





Mean scores of P, and O, groups on five factors from the Cattell 
personality questionnaires (Early Scheol Personality Questionnaire, 
Children’s Personality Questionnaire, High School Personality 
Questionnaire, and 16 Personality Factors) which yielded statistically 
significant between group differences (P «< 0.05). The factors are 
bipolar dimensions with the high-score pole versus (vs) the low-score 
pole for each as follows: Ind. (independent vs subdued); I (sensitive 
vs tough-minded); J (individualistic vs group-oriented); O (insecure 
vs self-assured); and Q, (self-sufficient vs group-dependent). The 
possible range in which an individual's score can fall is 1-9 with the 
norm by age and sex set at 5, 


Similar results, consistent with the between groups 
analysis, were obtained when exposed subjects were com- 
pared with their unexposed siblings within families (Table 
2). The exposed subjects of the Pe group were significantly 
more independent, individualistic, self-assured and self- 
sufficient than their siblings. The subjects of the O, treat- 
ment group were significantly less individualistic, and 
therefore more group-oriented than their siblings and less 
self-sufficient and therefore more group-dependent. An 
integration of these findings results in the characterisation 
of the P, group subjecte as ‘inner’ or ‘self’ directed and 
those exposed to the O, regime as ‘outer’ or ‘other’ directed 
in relation both to the other treatment group as well as 
their siblings. 

The P, group profile corresponds well to the findings 
of Ehrhardt & Money’. The mothers of their progestin 
exposed subjects reported high levels of  self-assertive 
independence and self-reliance and correspondingly low 
frequencies of dependency and demand for succorance 
when describing their offspring. 

In contrast to the earlier report’, we found no significant 
differences on any of the scores generated from the 
Wechsler IQ tests. The full scale IQ for the exposed 
subjects of the P, group was 121.08 with 120.12 for their 
siblings. The O, group mean was 122.25 in contrast to 
120.19 for their siblings. It seems that exposure to synthetic 
progestin alone or in combination with oestrogen has no 
effect on IQ, neither augmenting nor diminishing scores, 
when exposed subjects are compared to the base line 
provided by the family. The scores of both exposed and 
unexposed subjects, however, were 20 points higher than 
the norm, similar to the results obtained in the study of 
10 genitally-masculinised girls’. The consistently elevated 
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Table 2 Group mean difference scores on five personality factors 
“rireeretaenmenaninnuaesnminnesnununeuueguauamauuetenenenenteaacaninnnretunteneuuananeniruntenntctaeuscununuuaiateaamunannanuiagppirtntctt—— irae 


Ind. I J O Q. 
Po -+ |.19* -+0.37 -+ 1.39* — 1.30% +2.93* 
Op ° -0,50 -0.65 — 1,40 ~ -0.06 —3.67* 





Mean, difference scores of P, and O, groups on five factors from 
the Cattell personality questionnaires (see Table 1 for explanation 
of factors). A difference score is derived by subtracting the score of 
the unexposed sibling from the score of the exposed sibling. A positive 
score indicates that the exposed subject received a higher score than 
the unexposed sibling. 


po difference between expoged and unexposed siblings 


scores probably reflect the socioeconomic status (SES) of 
these families who undertook this expensive and tyme- 
consuming treatment to support at-risk pregnancy (76%, 
or 26 families fell into the higheste SES categories, I and H, 
of the Hollingshead scale and no family was from the 
lowest category, V). As would be expected, the best 
predictor gf the later IQ scores of exposed subjects was 
the IQ of their siblings (r=0.46). 

Finally, Cattell has provided a configuration of six 
personality factors which research identified as having a 
significant relationship to schéol achievement and success’. 
The P, group subjects exhibited high scores on three of 
these factore (individualistic, self-assured, and self- 
sufficient), whereas, the O, groups were significantly low 
on two (group-dependent and group-oriented). Since there 
were no significant differences between the treatment 
groups or between exposed and unexposed siblings on the 
1Q tests, the groups are in effect matched for IQ. The 
prediction of higher school achievement in this sample of 
P, regime exposed subjects is consistent with the results 
from the longitudinal study of prenatally progesterone 
exposed subjects which demonstrated significantly higher 
school achievement from childhood to late adolescence’. 

Our finding demonstrating a long term effect of 
early exposure to steroid hormones supports the investiga- 
tions with animals and extends them solidly into the 
human realm. The data have shown that exposure to 
synthetic progestin and oestrogen during the foetal period 
significantly affects performance on a test designed to 
assess personality. Of course, to demonstrate conclusively 
a long term effect on personality th humans contingent 
upon prenatal exposure to various hormones, longitudinal 
studies of these and other individuals whose gestations were 
treated are necessary. The wealth of data related to early 
hormone influences on behaviour in animals’ strongly 
suggests, however, that exposure to hormones of exogenous 
origin in humans should have some long term effects on 
such dimensions as personality and/or temperament”. 

This work was supported by the US National Institute 
of Education, the Ford Foundation and the Erickson Edu- 
cational Foundation. We thank J. Money and H. Birch for 
discussions and W. Karrow and P. Steinberg for providing 
patient records. 
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; stimulation, After 3 and 4h.of hormone treatment the 
P . , . | “H in the tissue was increased 26% and 45%, respectively. 
Synthesis and’ proeessing of ribosomal These observations are consistent with previous reports’ 
RNA by the uterus of the ovariectomised and illustrate the usefulness of methionine as a precursor 

EE R for labelling metkylated RNAs synthesised during horm 
» adult rat during early oestrogen action > aaa AE tye er eee 


4C-uridine by the 
“after 2 h, 12% 
The percentage 
an RNA was not 
estrogen also 
d “C-labelled 


. Oestrogen stimulated the uptake of 
Tue rate of RNA metabolism in the uterus of the uterus 48% after 1 h of treatmet 
immature or ovariectomised adult rat is stimulated after after 3 h, and 17% after 4 h (T: 
the administration of oestrogen’. Although there is un-  . incorporation of “C-uridine into w 
certainty. concerning the nature of the RNA species syn- significantly increased by hormone 
thesised by the uterus during the first hour of oestrogen increased the specific activity of- 















action’, it is generally agreed that by 2h after the injection RNA 75% after 1 h of treatment, 5 : bh, 28% after 
of the hormone there is a significant increase in the synthe- 3h, and 40% after 4h, These r e somewhat at 


sis of ribosomal RNA‘. Furthermore, Luck and Hamil- variance with a previous report’, in 
ton®$ have suggested, on the basis of sucrose gradient of “C-uridine was injected into ei 
analysis of labelled uterine RNA, that the rate or efficiency 5 aCi. The present results compare favourably with those 
of processing of precursor rikosomal RNA (pre-rRNA) is reported by Munns and Katzman’, The incorporation ratio 
also increased by the hormone. We have investigated the of CH-methyDmethionine to “C-uridine increased with time 
effect of oestrogén on the metabolism of rRNA in the after hormone administration, following an initial lag 
E uterus of the ovariectomised adult rat and now report the period of about 1 h (Table 1)..This.finding is in good agree- 
results of gel electrophoretic analyses of uterine RNA, ment with previous observations*”*. that an increasing per- 
doubly labelled in vivo with (H-methylmethionine and centage ofthe newly synthesised RNA formed by the uterus 
4C-uridine. In the atrophied uterus of the ovariectomised dur.ng the first few hours following oestrogen stimulation 


h, however, 50 „Ci 
nimal, rather than 


adult rat the rate of conversich of pre-rRNA to the defini- is methylated. 

tive TRNA products was slow, and it increased with time The absorbance and radioactivity profiles of the gel 
after hormone administration reaching a maximal rate electrophoretic analyses of the samples of labelled RNA 
after 4 h. isolated in the experiment described in Table 1 are shown in 





Table 1 Time course for the effect of oestrogen on the ratio of RNA to DNA and the uptake and incorporation of (7H-methyl)methionine and œ 
4C-uridine into RNA in the uterus of the ovariectomised rat 





Hormone 
treatment RNA-DNA Total tissue radioactivity Radioactivity incorporated into Specific activity of isolated RNA 
time ratio (d.p.m. per mg DNA) » whole-organ RNA (d.p.m. per mg) 
(h) 3H AC aH ( /o) Lic” HY uc 
Q 0.34 532,300 10,200 3.9 36° 9,200 6,700 (1.4)* 
i 0.36 535,000 15,100 4.9 32 15,800 11,700-(1.4) 
2 0.39 538,900 11,000 5.2 39 18,400 10,200 (1.8) 
3 0.42 672,800 11,400 5.5 e 40 26,300 8,600 (3.1) 
4 0.45 770,700 11,900 6.3 40 44,400 9,400 (4.7) 


* 
nn! ‘tnt nena meme aaa 
RNA was isolated from the combined uteri of four ovariectomised adult rats that received 20 pg of 17-B-oestradiol in 0.2 ml of 1,2-propanediol 
(or the solvent alone), intraperitoneally (i.p.), at the times indicated before killing. All animals received 250 pCi L-(17-B-methyl)methionine 
(ij Ci mmol ~) and 5 pCi “C-urfdine (55 mCi mmol~') in 0.4 ml of water i.p. 45 min before killing. The method for isolating samples of 
undegraded RNA from uteri of ovariectomised adult rats was as described previously, except for the following two modifications. A second 
extraction of the interfacial material was performed by gently homogenising it with4ml of aqueous phase and stirring at 40 °C for 20. min. 


ti 


The phenol solutions contained an equal volume of chloroform-4 %4 isoamylalcohol. The final yield of isolated, pyrified RNA averaged 67%. 
RNA and DNA determinations were carried out as before, as were the measurements of radioactivity incorporated®. : ; 
*Ratio of incorporation of methionine to uridine. 


Table 1 shows the effect of oestrogen, as a function of Fig. 1. The absorbance profiles of all the RNA gamples © 





time, on the uptake and incorporation of (H-methyl)- analysed were essentially the same. The “C profiles (not = 
methionine and “C-uridine into uterine RNA as well as the shown) revealed that uridine had been incorporated into > 
specific activity of the RNA isolated from uteri of ovari- RNA very heterogeneous in size in both the control and = 
ectomised animals that received the radioactive precursors hormone-stimulated uterus..No differences in the shapes of 
simultaneously 45 min before death, The ratios of RNA to the “C profiles could be attributed to oestrogen. The 'H > 
DNA in the various uterine homogenates revealed that profiles, however, reflected differences in the relative < 
oestrogen increased the concentration of RNA in the organ amounts of the various classes of labelled precursor, mter- 
(compare with ref, 5). The total incorporation of (methyl- „ mediate and mature rRNA species present in the uterus at 
*H)methionine into whole-organ RNA during the 45 min various times after the injection of the hormone. Incorpora- 
labelling period was increased 134% by hormone treat- tion of @H-methyl)methionine into 45S, 32S, 28S, 21S and 
ment for 4h. Oestrogen also markedly increased the specific 18S rRNAs took place during the 45-min labelling period = 


activity of the “H-labelled RNA isolated. It is important to in both control and hormone-treated animals. In the un- ` 
emphasise that the data presented (Table 1) demonstrate stimulated uterus the percentage of “H found in the pre- 
that oestrogen has little or no stimulatory effect on the cursor 45S and 32S rRNAs totalled 49% of the label in- 
whole-organ uptake of methionine during the first 2h of | corporated into all rRNA species. But, as the time of the 





d.p.m.eH per gel slice 


* * 
Gel slice no. 


Fig.1 Absorbance arid radioactivity profiles of isotated, uterine 
RNA, labelled in vive with @H-methyl)methionine, as a function 
of time after administration of oestrogen. Experimental details 
: areas in Table 1. Rats received a, no hormone, or oestrogen for 
hy | hie, 2h; d, 3h; or e, 4h. (0—0), FH; ——A gg9. Samples 
of doubly-labelled RNA, of exactly 0.5 Aygo, were fractionated 
as described by Caston and Jones? on 1.8%, polyacrylamide-I %4 
agarose gels prepared in quartz tubes (905 mm inside 
diameter). Electrophoresis was for 24 h at 5 mA per gel. 


- Unlabelled 28S and 18S*rRNAs were isolated from rat liver 


- ribosomes and initially used as markers, as was 458 pre-rRNA 
isolated from nuclei of Novikoff ascites cells. Gels were scanned 
at 260 nm in a Gilford spectrophotometer and sliced into 2-mm 
~ slices. Each slice was placed in a counting vial and 0.1 ml of 30% 
ammonium hydroxide added to hydrolyse the RNA. After 
standing overnight at room temperature | ml of NCS tissue 
sdlubiliser (Amersham/Searle) was added to each vial and all 


4 vials were shaken for 1 b. Scintillation fluid, 10 ml, (5 g PPO 


and 0.1 g POPOP per litre of toluene) was added togach vial and 
the radioactivity determined to an error of 5% or less in a 
Beckman liquid scintillation spectrometer. A *H counting 
a? ae efficiency of 44% was obtained. 
+ 


* 


hormone treatment increased this percentage decreased until 
4h after oestrogen administration only 12'% of the total 


© amount of methyl-labelled rRNA formed was present in 











A the 45S and 32S fractions (Table 2). Longer periods of 


timulation by the hormone did not significantly alter this 
distribution of the label among the 45S, 32S, 28S and 18S 
ctions. Labelled] precursor °was available to the uterine 
elis-during the entire 45-min labelling period as evidenced 


by the presence of (H-methyl)methionine in the organ at 
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that during the first 4h of oestrogen action in the uterus of 
the ovariectomised adult rat the amôunt of new methylated 
28S and 18S rRNA formed from the methylated 45S pre- 
cursoy per unit time is increased nearly fourfold. 

We have routinely observed a methyl-labelled fraction 
slightly larger than 45S in uterine RNA samples isolated 
from the control animals which was not present following 
oestrogen stimulation (see Fig. la). Interestingly, Galibert 
et al.” have reported that there are three distinct com- 
ponents in the 45S pre-rRNA fraction of L-cells separable 
by electrophoresis through 1.7% polyacrylamide gels. 
Whether this heterogeneity repfesents a population of 





f +$ 
Table 2 Effect of oestrogen on the incorporation of (*H-methyl)- 
methionine into ribosomal RNAs by the rat uterus 


Hormone Ribosomal RNA fraction 

treatment time 455 328 @8S 188 
KOR (%) OE C a 

0 21 28 32 19 

I 19 18 39 24 

2 12 ji 47 30 

3 10 e 9 51 30 

4 5 7 55 33 





The percentdkes in this table are calculated from the radioactivity 
profiles shown in Fig. 1. The tabel in the 455 fraction was computed 
by summing the d.p.m. in gel slices 5-15; the 325 fraction by summing 
gel slices 16-22; the 28S fraction, gel slices 23-32; and the 18S 
fraction, gel slices 33-41. 


slightly different initial precursor molecules or early pro- 
cessing intermediates remains to be elucidated. 

Post-transcriptional mechanisms for regulating rRNA 
synthesig have recently been proposed in phytohaemag- 
glutinin-stimulated lymphocytes'’"', during compensatory 
renal hypertrophy’, in a mutant of BHK cells’** and in 
liver’. It is not yet clear, however, whether the accelerated 
rate of processing of pre-rRNA to 28S and 18S rRNAs in 
the oestrogen-stimulated uterus is due to more efficient 
methylation and cleavage, a more efficient processing path- 
way, or is determined by increased rates of rRNA syn- 
thesis’®. : : 
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aks | ‘ z Table 2 Equivalence of chloroplast ARP, and Æ. coli thioredoxin in 
Thioredoxin and glutathione the activation of chlorqplast fructose 1,6-bis-phosphatase by 


regulate photosynthesis in chloroplasts 2 dithiothreitol 





Treatment nmol P; released 
Two recently found chloroplast proteins act in the ferrefoxin- ° per pe 
linked regulation of enzymes of photosynthetic carbon dioxide , Chloroplast ARP», 12 ug 3 50 
assimilation! ?. We report here the identification of one of E. coli thioredoxin, 10 ug 4] 
these proteins, earlier termed assimilation regulatory protein b Minus ARP, or thioredoxin 7 


(ARP,), as thioredoxin-—a protein functional in the synthesis, “The reaction was carried out in air at 25 °C in test tubes containing, 
of DNA and previously not known in chloroplasts *~°. The in 0.5 ml, fructose 1,6-bis-phosphatase, 9 pg; ARP» or thioredoxin as 
other protein, assimilation regulatory protein a (ARP,), is a indicated, and the following (pmol): Tris-HCI buffer (pH 7.9), 50; 
new enzyme that catalyses the reduction of thioredoxin by MgCl,, 0.5; dithiothreitol, 2.5; sodium fructose! ,6-bis-phosphate, 3. 
, p ao aes i The reaction was started by adding fructose 1,6-bis-phosphate and 
reduced ferredoxin. We have renamed this protein “ferredoxin— was continued for 30 min. The reaction was stopped by adding 2 ml 
thioredoxin reductase.’ In addition to identifying these proteins of a mixture of the Fiske-SubbaRow reagents used to analyse P: 
found earlier, we pfesent evidence for a regulatory function of (see Table 1). 
glutathione in chloroplasts. These findings permit for the first 
time the formulation of a light-dependent mechanism for 
protein-mediated enzyme regulation. In this mechanism, key 
regulatory enzymesare activated (reduced) photochemically via 
the ferredoxin—thioredoxin system and are deactivated (oxidised) 
in the dark via oxidised glutathione. The evidence indicates that 
photoreduced ferredoxin, in the presence of ferredoxin-thiore- 
doxin reductase, controls the level of reduced thioredoxin 
required for enzyme activation. Glutathione reductase and 
glutathione peroxidase seem to control the level of oxidised 
glutathione available for enzyme deactivation. 

Fructose 1,6-bisphosphatase of chloroplasts was assayed by 
measuring the release of inorganic phosphate (P|) from the 
carbon-1 of fructose 1,6-bisphosphate!®. Thioredoxin from 
Escherichia coli could fully replace native ARP, in the light- 
induced activation of chloroplast fructose 1,6-bis-phosphatase ; i 
(Table 1). In this system, enzyme activation required ferredoxin, this TORS attributed SA its weak affinity for the enzymes of 
reduced photochemically with chloroplast fragments, and ARP, DNA synthesis in E. coli. Se Aeterna l j 
in addition to either ARP, or E. coli thioredoxin. ARP, and Our results show unforeseen similarities between two proteins 

that were discovered in very different lines of research-—— 
thioredoxin was found in studies on the synthesis of DNA in 


also in their non-photosynthetic counterparts and in animal 
cells. In view of the ability of E. coli thioredoxin to replace ARP, 
in activation of the chloroplast fructose bisphosphatase, it 
seems likely that the active component found earlier in the 
different types, of cells was | thioredoxin. The known wide 
distribution of thioredoxin is in accord with that conclusion’. 
The observation that E. coli thioredoxin is active in assays 
specific for ARP, suggests that ARP, might substitute for 
thioredoxin in the synthesis of DNA. This was confirmed by 
the finding that chloroplast ARP, showed thioredoxin activity 
in the E. coli ribonucleotide reductase assay system. Chloroplast 
ARP, replaced native thioredoxin to a low but significant extent ssy 
in the enzyme-mediated reduction of ribonucleotides to their 
deoxy derivative. The low activity of chloroplast ARP, in 


E. coli thioredoxin were also found to be equally effective when 
their capacity for phosphatase activation was tested in the : 
presence of the non-physiological sulphydryl reagent dithio- E. coli and ARP, was found in studies on the light-dependent 
threitol and in the absence of reduced ferredoxin and ARP,  ‘TeBulatton of enzymes in chloroplasts. It now seems that these 
(refs 1, 6; Table 2). two proteins are functionally similar. Wg therefore consider a 
revision of our original nomenclature timely and designate 
ARP, ‘chloroplast thioredoxin’. By analogy, the protein earlier 
called ARP, is, on the basis of its ability to catalyse a 
thioredoxin-dépendent oxidation of reduced ferredoxin (Table 
‘ 3), designated ‘ferredoxin-thioredoxin reductase’. We found no 
ei E Aa EE SIS CA Se IRR ARTS indication that chloroplasts contain an Æ. coli-type NADP- 


The dithiothreitol assay was used previously to demonstrate 
that ARP, exists in the major types of living cells*. ARP, was 
found not only in photosynthetic plant and bacterial cells but 


Table 1 Interchangeability of chloroplast ARP, and È. coli thiore- thioredoxin reductase* that links NADPH to the activation of 
doxin in the activation of chloroplast fructose 1,6-bis-phosphatase rocoso] eoho ohat 
e by photoreduced ferredoxin ructose 1,6-bis-phosphatase. 





: - The ferredoxin-thioredoxin system constitutes a new 

E A S mechanism which, in chloroplasts, links light to the regulation 

Treatment “ARP, thioredoxin of certain enzymes of carbon dioxide aSsimilation. An important 

| aspect of this or any other system of enzyme regulation is the 
Light, complete l i 2 10 

Light, minus ARP, or thioredoxin 2 2 

Light, minus ferredoxin 

Light, minus ARP, °| 





>t 


Table 3 Identification of chloroplast ARP, as ferredoxin—thioredoxin 


st te tee 


Light, minus fructose |,6-bisphosphatase 0 reductase 
Dark, complete 2 Component added to oxidise nmol ferredogin 

The reaction was carried out at 20 °C in Warburg vessels containing phetoresnces pstcedouin i DELIUN 
(in the side arm) 6 pmol of sodium fructose |,6-b/s-phosphate and None 0.0 
(in the main compartment) 17 pg of fructose 1|,6-bis-phosphatase ARP, 0.6 
dimer®*, spinach chloroplast fragments (P,S,) equivalent to 0.1 mg Chloroplast thioredoxin 0.9 
chlorophyll!®, 0.12 mg Spirulina maxima ferredoxin”, 70 pe ARP, ARP, +-chloroplast thioredoxin 12.0 
(in an aliquot containing 3 pmol 2-mercaptoethanol), and the a tt a a a 
following (umol): Tris-HCI buffer (pH 7.9), 100; neutralised reduced The reaction mixture contained, in 1.2 ml, Spiridina maxima 
glutathione, 5; sodium ascorbate, 10; 2,6-dichlorophenolindophenol, ferredoxin, 0.18 mg; chloroplast fragments’® (P,S,) equivalent to 


0.1; MgSO,, 1.0. ARP,, 25 ug, or E. coli thioredoxin, 20 pg, were S pg chlorophyll; and the following (umol): Tris-HCI buffer (pH 7.9), 
added as indicated. Final volume, 1.5 ml. After equilibration with © 100; MgSO,, 1; sodium ascorbate, 10; and 2,6-dichlorophenolindol 


nitrogen for 6 min, vessels were incubated for 5 min in the light phenol (DPIP), 0.1. ARP,, 230 pg (in an aliquot containing 6 pmol 
(20,000 ix} or in the dark. The reaction was started by adding fructose 2-mercaptoethanol) was added as indicated. Samples were gassed 
1,6-bis-phosphate from the side arm and was continued for 30 min with argon for 5 min and transferred anaerobically to a glass cuvette 
under illumination or in the dark. The reaction was stopped by adding of 2-mm light path. After fully reducing the ferredoxin photo- 
0.5 ml of 10° trichloroacetic acid. After centrifuging off the pre- chemically by illumination with red light (Corning 2-58 filter), the 
cipitate, the P; released was estimated by a modified Fiske-SubbaRow light was turned off, and the rate ef the oxidatien of ferredoxin was 
procedure”, ARP, and ARP, were purified as before’®. ARP, was followed in the dark. The extent of oxidation of ferredoxin was 
then further purified by DEAE-cellulose and hydroxyapatitecol umn measured by increase in absorbance at 420 nm with a modified 
chromatography (details to be published elsewhere). Beckman Model DU monochromator”, 
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Table 4 Deactivation of chloroplast fructose 1,6-bisphosphatase by 
oxidised glutathipne 


Reductant used “ Of control activity 


for activation after adding glutathione 
Reduced ferredoxin* 53 
Dithiothreitolt : 5 


tet et AEE AE A A ET 

*The reaction mixture was as in Table | except that 25 umol 
oxidised glutathione were added to the second side arm and 104 ug 
ferredoxin-thioredoxin reductase (ARP) (plus 3 umol 2-mercapto- 
ethanol) were used, Vessels were equilibrated with nitrogen for 6 min 
and incubated 10 min in the light (20,000 ix). The reaction was 
started by adding fructose 1,6-bis-phosphate from the first side arm. 
After {0 min under illumination, the lights were extinguished, 
oxidised glutathione (or water) was added from the second side arm, 
and the reaction was continued for 20 min in the dark. The reaction 
was stopped and P, was analysed as in Table 1. 15 nmol of Pi were 
released per min in the control treatment. 

tFructose 1,6-bis-phosphatase was activated (and deactivated) 
before assay. Fructose |,6-bisphosphatase, 17 pg, was incubated in 
Q.i mi of a mixture containing 0.1 M Tris-HCI buffer (pH 7.9), 
10mM_ dithiothreitol, and 25 pg chloroplast thioredoxin (ARP,). 
After 10 min, 2.5 pmol of oxidised glutathione (or water) was added. 
After a further 20 min, the enzyme was then injected into 0.9 ml 
of the assay mixture containing 1.3 units of glucose 6-phosphate 
dehydrogenase, 4.2 units of glucoseeé-phosphate isomerfise, and the 
following (mol): Tris-HCI buffer (pH 7.9), 40; MgSO,, 1; fructose 
| ,6-bis-phosphate, 6; and NADP, 1.5. Fructose 1|,6-b/s-phosphatase 
activity was followed by measuring the reduction of NADP (increase 
in absorbance at 340 nm) with a Cary model 14 spectrophotometer. 
Temperature, 22°C. 29 nmol of P; were released per min in the 
control treatment. 


way in which the component enzymes are converted from an 
active to a less active (deactivated) state. Until now, no de- 
activation mechanism was known for the ferredoxin—thioredoxin 
system. As seen in Table 4, glutathione—a sulphydryl—disulphide 
component of most if not all living cells*—functioned in that 
capacity. The oxidised form of glutathione deactivated the 
fructose bis-phosphatase that had been activated previously by 
thioredoxin reduced either photochemically with the ferredoxin 
system or non-enzymically with dithiothreitol. Under the same 
conditions, reduced glutathione had no effect. 

The effectiveness of oxidised glutathione in deactivation 
suggests that in vivo a defined ratio of oxidised to reduced 
glutathione gauges the activity of enzymes, such as fructose 
bisphosphatase, in response to changing cond{tions in the 
chloroplast, This ratio, in turn, may be determined by two 
enzymes present in the soluble fraction of chloroplasts, 
glutathione reductase “ (equation 1) and glutathione peroxi- 
dase!* (equation 2). 


glutathione 





e | gl utath IONE red uced 


“reductase 
+NADP (i) 
, paT lutathione , . 
2 glutathione eguceg H 0 en <> glutathioneoiaises 


+~2H,0 (2) 


The specific activity in pmol substrate converted per mg 
chlorophyll per h was 9 for glutathione reductase’? and 12 for 
glutathione peroxidase™. Because of its relatively high activity, 
it seems possible that glutathione peroxidase could, in addition 
to its regulatory role described bere, function together with 
glutathione reductase in removal of hydrogen peroxide produced 
in chloroplasts. Accordingly, glutathione peroxidase would 
replace catalase, which seems to exist mainly outside rather than 
inside chloroplasts", Our finding of I mM glutathione” in 
chloroplasts is consistent with such a function for glutathione 
peroxidase. 

Although the physiological agent for enzyme deactivation 
seems to be oxidised glutathione, other oxidants were also 
effective in this reaction. Sodium tetrathionate (Na.S,O,) and 
the oxidised form’ of ascorbic acid (dehydroascorbic acid) 
showed deactivation effects similar to those reported in Table 4 
for oxidised glutathione. In view of the high concentration of 
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ascorbic acid in chloroplasts!=", theses results indicate that 
dehydroascorbic acid, produced from ascorbic acid through 
oxidation, could possibly be involved in the control of enzyme 
activity. 

Considering the wide distribution of ferredoxin and thio- 
redoxin, a comment on the possible application of the 
ferredoxin-thioredoxin system to other organisms seems 
appropriate. It is possible that a mechanism of the type de- 
scribed could be used for the regulation of cellular processes 
in other organisms. Furthermore, because many cells are 
enzymically fitted to reduce thioredoxin independently of 
ferredoxin, by way of NADP, the presence of ferredoxin is not 
prerequisite to the operation of such a system. For example, 
a mechanism of the NADP-thioredoxin type could account 
for the thioredoxin-mediated reduction of proteins (for which 
the reported reduction of insulin provides a model®°) os for 
modification of proteins through the formation of a stable 
thioredoxin-protein complex (as feund for a specific DNA 
polymerase in phage-infected E. coli cells®*), 

The present results provide evidence for a new mechanism 
whereby specific enzymes are activated by reduetion (via 
thioredoxin) and deactivated by oxidation (via oxidised gluta- 
thione). In chloroplasts this ‘oxidation-reduction’ mechanism 
acts in conjunction with the ion-mediated and effector-mediated 
mechanisms discussed previdusly!22) which link enzyme 
regulation to the absorption and utilisation of light. In the light, 
electrons from chlorophyll are transferred to ferredoxin 
and then, via a specific reductase enzyme, to thioredoxin 
(Fig. 1). Reduced thioredoxin, in turn, reduces and thereby 


a 


ferredoxin—thioredoxin 


Ferredoxin 




























reductase 
e j Thioredoxin 
| Enzyme Enzyme 
: oxidised reduced 
| (inactive) | (active) 
| } 
WY 
Glutathione Glutathione 
oxfdised reduced 
Chlorophyll Dark v Wh 
Light 


Fig. 1 A mechanism for the light-dependent regulation of 

enzymes in chloroplasts. The component®°~3? before the in- 

dicated soluble ferredoxin that accepts electrons from photo- 
activated chlorophyll is not shown. 


activates certain regulatory enzymes of chloroplasts (fructose 
1,6-bis-phosphatase, sedoheptulose 1,7-bis-phosphatase?*, and 
perhaps NADP-glyceraldehyde 3-phosphate dehydrogenase 
and phosphoribulokinase':*4). Our evidence indicates that, at 
least in the case of NADP-glyceraldehyde 3-phosphate de- 
hydrogenase, reduction (activation) is accompanied by the 
formation of a stable thioredoxin-enzyme complex. 

In the dark, the activated (reduced) enzymes are deactivated 
(oxidised) by an oxidant such as oxidised glutathione. Figure 2 
shows that, in the presence of hydrogen peroxide, glutathione 
peroxidase could act in the dark to convert reduced glutathione 
to the oxidised form that is functional in deactivation. It is 
likely that limited enzyme deactivation would occur also in the 
light in response to transient changes in the chloroplasts. 
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f a 
Light aii reductase 


H,o  Ferredoxin red / N NADPH, pa GSH 


Fig. 2 A mechahism for controlling the ratio of oxidised (GSSG) to reduced (GSH) glutathione in chloroplasts. 


The ‘high concentration of reduced NADP prevailing in 
those conditions*, however, would tend to impede such 
deactivation by converting thé oxidised glutathione to its 
reduced form with the chloroplast enzyme glutathione re- 
ductase. s 
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Was photoresolution of amino acids 
the origin of optical activity in life? 


Since Pasteur shpwed that the amino acid asparagine in plants 
was purely one optical isomer, constant interest has centred 
around the question of optical activity in life. The quantities of 
D-amino acids in the biosphere are practically negligible and 
none has ever been found in any enzyme or other protein, 
whereas the abundance of L-amino acids is well known. Many 
of the molecules important to living processes can be syn- 
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thesised? in conditions which may have prevailed on a primitive 
planet and it is easier to suggest a prebiotic synthesis of a 
racemate than to explain an enantiomeric selection. Whereas 
many workers claim the clue might be found in vari@us stereo- 
selective mechanisms, likely to have operated already at the 
stage of the ‘themical evolution?-’, no example of the se- 
lection of a biologically crucial compound by means of cir- 
cularly polarised light has been previously reported. Apart 
from an effect due to an enantiomorphous relationship between 
matter and antimatter®~*, this is the only mechanism with 
selection capacity in a large system (the Earth). We report 
here that tartaric acid, a-alanine and glutamic acid partially 
resolve under circularly polarised irradiation. The L-amino acid 
dominance in the biosphere can by analogy, be explained by a 
selection caused by circularly polarised interstellar ultraviolet 
radiation. 

Pairs of identical racemic aqueous solutions were simul- 
taneously subjected to left and right circularly polarised light. 
(quartz collimators/Glan prisms/Fresnel rhombs) from a Xe 
(450 W quartz, Osram) lamp, à > 200 nm (aqueous infrared 
filter) and compared afterwards with respect to circular 
dichroism difference at the wavelengths of photolysis (Jasco 
J-4{ dichrometer). Results are given in "Table | and Fig. 1. 


Fig. 1 Typical circular dichroism spectra { x 10°) recorded ona, 

racemic tartric acid and b, glutamic acid after irradiation with 

right and left circularly polarised light. c, Recorded ACD de- 

flections ( x 10°) at 210 nm in glutamic acid at different irradia- 
tion times (different symbols for different experiments). 





| aaa! | Rn (neal 0 40 ~ 60. ee = 


Time (h) 
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Table 1 Observed and calculated selection 


t semmmenmansaebiitimimitaareraanom anunoamnnaiteneenan eR OOE 


(i 
|Ae/el pf Irradiation 
Wavelerfgth pure time 
Specimen (nm) enantiomer (h) 
DL-tartaric acid, 250 0.002 
lI cm, 5x103 M 230 0.020 30 
in H,O 220 0.020 
2iS(AEmax) 0.020 
DL-alanine, 210-230 (0.010) 72 
I cm, 10x103 M  203(AEmax) 0.007 
in H,O 210-230 160 
pi-glutamic 230 (0.011) ) 
acid, | cm, 225 0.008 100 
10x 1073 M in 210 0.008 
H,O 202(Aé,, ax) 0.007 
210 0.008 504 


* Defined as 100 xX (CD o95/CDoure enantiomer) & 50 ACD/(Ag/e). 


10°x ACD normalised to ° 


+ 
tTheoretically possible figures in parentheses, obtained as 100 x (CDincor/AE C) » 40 (Ac/e) A/CI = 40 "Ag/e. 


Due to uncertain lamp intensygy in the active range (200- 
230 nm) relevant quantum yields could not be estimated. 

It is realistic to assume that the activation is achieved either 
by photodecomposition or by photoinversion leading to excess 
of the enantiomer that has positive circular dichroism at the 
photolytical wavelength, when right circularly polarised light 
is used and vice versa. Some amino acids may undergo photo- 
deamination to yield cinnamic agids, where the unsaturated 
character can cause obscuring absorption preventing complete 
photolytic yield. When optically active tartaric acid and 
aliphatic amino acids were subjected to non-polarised ultra- 
violet light (A > 200 nm) absorptive products were generally 
not observed and the rate of loss of optical activity indicated 
a simultaneous photoracemisation. In the case of pure photo- 
decomposition the maximum absolute activity is expected when 
63% of the material is decomposed, by a circular dichroism 
deflection?® 


sd + 


ICD] = 0.37 x (Ag/£) Ao (1) 
& 


(Ac = €,--6, and g are molar, M~ cm~ circular dichroism 
and absorption coefficients, A, the initial absorbance. As was 
shown elegantly by Kagan™ 100°. purity can, however, be 
obtained at the end of the reaction. For photoracemisation a 
steady state 


[CD| = 0.5(Aé/e)?A g (2) 


should be reached. In both cases it is presumed that only the 
excited molecule undergoes reaction (and that it does so due to 
the dichroic transition), that is, that no radical attacks or 
sensitising effects occur. By the quadratic appearance of the 
dissymmetry factor Ag/e the possibilities of experimental 
detection are restricted to molecules with bands having 
[Ae/e| > 3x 1073 due to the resglution of present day instru- 
ments, which is +-3 = 10 absorbance units at unit absorbance. 
That the observed optical activity is due to optical selection 
among the starting materials and not to any optically active 
secondary product is indicated by the complete extinction of 
optical activity when the pure isomers are irradiated, The 
final proof was obtained by the observation of a constant 
line-shape of the CD-spectrum during the decay period. 
Finally, it should be pointed out that a spectral requirement 
A > 200-30 nm on the incident radiation is in excellent agree- 
ment with the current opinion of the composite ultraviolet 
absorption of the primitive atmosphere (due mainly to water 
vapour and carbon dioxide)'!*. The L-amino acids (except 


Conversion Ay = 1, between left and 
(inversion plus right circularly irradiated Enrichment yield in each 
decomposstion) solutions sample 
(°%) (absorbance units) (%) 
> 20, 0.11* (0.8)t 
42-45 
0 0 (0.32) 
> 20 94-5 i 0.06* (0.32)f 
20-40 0.11* (0.35)t 
18-45 
* 
52 36-45 0.22* (0.35) 


the cyclic imino-acid proline) are thus selected by this type of 
light (when right circularly polarised), while for instance 
nucleic acids should require As> 260 nm for an effective yield 
(according to the circular dichroism spectrum with wings of 
both signs). We are also studying amino acid complexes with 
evolutionarily interesting metals and where magnetic dipole 
allowed d-d transitions (for example Cr(1LL)) can be expected to 
strongly enhance the photoresolution efficiency. 
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Farming Marine Organisms Low in the 
Food Chain. Farming Cupped Oysters 
of the Genus Crassostrea. Farming the 
Flat Oyster of the Genus Ostrea. Farm- 
ing Marine Fishes and Shrimps. (Devel- 
opments in Aquaculture and Fisheries 
Science, Vols 1-4.) By P. Korringa. 


(Elsevier: Amsterdam, Oxford and 
New York, 1976.) $30.95; Dfi 80 each 
volume. 





At this time of increasing competi- 
tion for already over-exploited stocks 
of fish, any increase in marine pro- 
ductivity by aquaculture demands at- 
tention. No one is better qualified to 
write about this than Professor P. 
Korringa, Director, Netherlands Insti- 
tute for Fishery Investigations. Res- 
ponsible for restoration of the Dutch 
oyster beds following shell disease in 
the 1930s, he must since have visited 
every significant area of marine cul- 
tivation. This reviewer has memories 
of visits in his company to areas of 
oyster * and mussel cultivation in 
France, Spain and Italy. 

His descriptions of culture methods 
arë based on actual procedures within 
"selected aquacultural enterprises. For 
each he supplies a biological, geo- 
graphical, oceanographic amd even 
legal background-——thus sheltered, pol- 
lution-free waters and security of 
tenure are all involved. Farming pro- 
cedures include control of predators, 
parasites and disease. Economic prob- 
lems including marketing are finally 
assessed. 

Description of culture methods begins 
with that of the red seaweed ‘Nori’ 
(Porphyra) in Japan and concludes with 
that of rainbow trout and salmon in 
Norway. Cultivation of bivalve molluscs 
is inevitably the major theme: mussels 
(Mytilus spp.) clams and, above all, 
species of the flat oyster, Ostrea, are 
covered together with those of the eco- 
logically more tolerant cupped oyster, 
Crassostera, which are everywhere re- 
placing them. e 

Mussels, strangely neglected in North 
America and Japan, are reared on 
stakes in the long established ‘bouchot’ 
system in France, by mass transplanta- 
tion in the Netherlands, and with im- 
pressive productivity in the sheltered 


Ancient method of oyster culture in Hiroshima Prefecture 


“rias? in north-west Spain, where 
settlement and growth are on ropes 
suspended from moored pontoons or 
catamarans. i 

The great French oyster industry was 
initially based on studies of the surviv- 
ing remnants of Roman culture 
methods in the Mediterranean. Large 
scale cultivation, between tide marks— 
first of Ostea edulis, then of the Portu- 
guese Crassostrea angulata and now of 
the ubiquitous Japanese, C. gigas—was 
established; and its methods have now 
been widely copied throughout the 
eWorld. The highly successful suspended 
culture method was initiated in Japan 
same fifty years ago, at first to offset 
restrictions caused by limited intertidal 
space. 

All these methods involve collection 
of naturally produced spat in areas of 
relatively still water and subsequent 
growth in water rich in phytoplankton. 
Only in hatcheries (about which Dr 
Korringa has surprisingly little to say), 
where oysters are induced to spawn and 
the larvae and spat fed on reared algal 
species, can full culture be established. 

With fish, only the cultivation of 
herbivores—-here described for mullets 
(MugiD in Israel and in ‘vall? round 
the mouth of the Po tn the Adriatic, 
and for milk fish (Chanos) long culti- 
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vated in Indonesia-—represents econo- 
mic production of animal protein, 
Japanese cultivation of the carnivorous 
yellow-tail (Seriola quinqueradiata) and 
red sea bream (Chrysophrys major)-—~ 
with that of the no less carnivorous 
penaeid prawns (Penaeus japonicus) 
involves conversion, with much accom- 
panying labour, of lower into higher. or 
more acceptable forms of animal pro- 
tein. The result*is an expensive luxury 
product. 

Conditions are somewhat different 
with eel culture in Japan—supplying . 


such a demand that elvers are imported ae 
from so far afield as Europe—-and 


salmonid rearing in Norway and Scot- 
land. These have the advantage of. 
supplying an insatiable demand at a 
lower cost than that involved in col- 
lection gf these fish in Nature. 

These admirably produced and illus- 
trated books are a pleasure eto review. 
They will be of the greatest value to 
aquaculturists; nothing is described that 
has not been personally inspected and 
judged in the light of Dr Korringa’s 
uniquely wide experience. E 


paean 


Sir Mauric Yonge, formerly Professor. of 
Zoology at Bristol and then Glasgow, is 
now Honorary Fellow in Zoology at the | 
University of Edinburgh, UK. 
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genetics handbook 
Handbook of Genetics. Vo]. 5: Mole- 
cular Genetics. Edited by R. C. King. 
Pp.xi+ 667. (Plenum New York and 
London, 1976.) $51. 





Tue fifth volume of the Handbook of 


Genetics in many ways belies its title. 
The book is in four sections devoted 
to the molecular organisation of 
chromosomes (six chapters), gene 
transcripts (five chapters), chloroplasts 
and mitochondria (five chapters), and 
a single chapter in a section called 
mutant enzymes. Only the chapters in 
the section on chloroplasts and mito- 
chondria seem truly to combine both 
a molecflar and genetical approach 
and deserve the tithe molecular 
genetics. . 
Particularly disappointing is the 
pot pourri section on molecular 
organisation of chromsomes, which 
manages to present a somewhat inco- 
herent treatment of the subject in 
spite of excellent reviews of chromo- 
somal protein structure and function, 


and of organisation and size of 
replicons. Individual chapters on 
repeated DNA in eukaryotes, cyto- 


logical localisation of repeated DNAs, 
chromosomal proteins, organisation of 
genetic material in the macronucleus 
of hypotrichous ciliates, histones of 
sperm, and organisation and size of 
replicons, do not easily relate to each 
other and the section as a whole 
presents no overall picture of chromo- 
some organisation. The chapter on 
repeated DNA in eukaryotes, by limit- 
ing itself to molecular renaturation 
studies, manages to ignore much 
interesting and relevant data provided 
by sequencing, restriction site mapping 
and electron microscopy of repeated 


DNAs. ò 
The chapter on chromosomal pro- 
teins, although admirable in many 


ways, contains no reference to the 
unit of chromatin (nucleosome) and 
models which have been proposed for 
its structure. Such an omission can 
hardi? be of the authors own making 
since it seems evident from the 
reference list that this chapter was 
complete by the end of 1973 (the only 
1974 paper quoted is by the authors 
themselves) and the same seems to 
hold for the majority of chapters in 
this section: one exception being the 
chapter on macronuclear DNA of 
hvpotrichs, which has references to 
1976. Judging by the latest references 
in chapters of other sections they were 
completed towards the end of 1974 or 
beginning of °1975, although the 
chapter on mutant enzymes has no 
references after 1972. It is a pity that 


„contemporary 


the relatively long lag between writing 
and publishing the chapters in section 
one has reduced its effectiveness as a 
review of a rapidly 
changing area of investigation. 

The other sections are more 
successful. Section two, gene trans- 
cripts, has chapters on nuclear RNA, 
RNA transcription and ribosomal 
protein assembly in Drosophila melano- 
gaster, cytoplasmic mRNA, tRNAs, 
and eukaryotic ribosomes; whereas 
section three, chloroplasts and mito- 
chondria, has chapters on chloroplast 
DNA (physical and genetic studies), 
chloroplast ribosomes, nucleocyto- 
plasmic interaction in Acetabularia, 
mitochondrial DNA, and mitochondrial 
ribosomes. The chapters on cytological 
localisation of repeated DIN As, histones 
of spgrm, transfer RNAs, and mutant 
enzymes are little more than exhaustive 
catalogues of the structure, location or 
primary sequence of particular 


macromolecules. 
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Chemical 
relaxation 


Relaxation Kinetics. By C. F. Berna- 
sconi. Pp. xi+288. (Academic: New 
York and London, 1976.) $29.50; 
£20.95. . 


THERE can be no getting away from it 
-~a large proportion of chemical reac- 
tions are fast. Generations of students 
may have obtained their grounding in 
chanical kinetics with reactions whose 
half-lives lie conveniently in the time 
range of minutes or hours, but the fact 
is that such reactions are the exception 
rather than the rule. One has only to 
recall the particular premium placed on 
the time factor in many biologically 
and industrially important reactions to 
appreciate the significance of our being 
able to measure the kinetics of rapid 
reactions. 

It is not possible to apply classical 


x ‘ ` * 
kinetic techniques to many of these 


reactions but over the past fifteen years 
or so a variety of methods have been 
deYeloped which have made most of 
them susceptible to study. All of these 
methods involve electronic equipment 
and the prospect of having to build 
one’s own apparatus, together with the 
fact that a rather different approach 
is generally required in the analysis of 
the data, has ten@ed to scare away all 
but the most physically-minded che- 
mists. Times are, however, changing 
and it is thanks to the increasing avail- 
ability of suitable commercial equip- 
ment and monographs such as Dr 
Bernasconi’s that more and more che- 
mists are reporting rate constants and 
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in spite of same omissions which 
might have been included in a book 
with this title—for instance, con- 
siderable space is devoted to histones 
but no mention is made of histone 
genes, and similarly there is no 
mention of tRNA genes although all 
the known tRNA sequences are 
tabulated—-there is a great deal of 
worthwhile and well presented 
material. As a reference book in 
certain areas, it should prove valuable. 

The book has an author and subject 
index. But the subject index has 
innumerable deficiencies, and I pick 
one example to illustrate this point. 
The only reference to “globin” con- 
tains an interesting cross-reference 
“see Immunoglobin’. There is, how- 
ever, no entry. under ‘“‘Immunoglobin”’: 
but under “Immunoglobulin” there is 
a reference to “chain of rabbit 
reticulocyte”! Peter Ford 


Peter Ford is Lecturer in the Department 
of Molecular Biology, University of Edin- 
burgh, UK. 


activation parameters where in the past 
they would have used some such phrase 
as “too fast to measure”. 

The first two-thirds of Dr Berna- 
sconi’s book deals with the general 
theory of chemical relaxation and is 
largely given over to the problem of 
relating the relaxation time (or times) 
and the rate constants for different 
mechanistic schemes, Also included are 
a couple of chapters (out of ten) on 
the topic of relaxation amplitudes. The 
remainder of the book 1s concerned 
with the various experimental methods. 

The author says that he has attemp- 
ted to write a comprehensive treatment® 
of the subject in the language of the 
organic, or physical-organic chemist 
and in this I think he has on the whele 
been successful. Certainly, the mathe- 
matics should not overtax any mechani- 
stically-minded research chemist 
(contrary to the impression he might 
gain on casually leafing through it) and 
there are many useful hints and practi- 
cal comments hidden (the correct word, 
unfortunately) throughout the book. 

Where I would be a little less than 
fulsome in praising the book is for its 
comprehensiveness. Although his choice 
will certainly not be universally ap- 
plauded, it seems to me that Dr Berna- 
scon} has quite properly and freely 
exercised his author’s discretion on the 
topics for inclusion. Presumably, this 
is the reason behind his implication 
(with which I would pot agree) that 
this is not a book for the physical-in- 
organic chemist. D. N. Hague 
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D. N. Hague is Senior Lecturer in Chemis- 
try, University of Kent at Canterbury, UK. 
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Advances in Behavioral Pharmacology volume 1 


This new continuing publication will cover major 
research areas in behavioral pharmacology (psycho- 
pharmacology), and provide a synthefc and analytic 
review of significant factors involving the effects of 
drugs on the behavior of both humans and experimen- 
tal animals. The articles will largely be limited to the 
behavioral action of drugs, and will not generally in- 
clude neurochemical, emotional, mental, or pgychic 
processes or phenomena. However. from time to time 
papers dealing with basic mechanisms of action will 
be included. The articles will provide selective. critical, 
and in-depth analyses of research areas, rather than 
broad but superficial literature reviews. 

CONTENTS: D. E. McMillan, Behavioral Pharmacology 
4 


sue, and Organoid Cultures of Blaod Vessels. L. Mez- 
ger-Freed, Haploid Vertebrate Cell Cultures. C. M, 
Croce, Cell Fusion in Genetic Analysis. A. F. Horwitz, 
The Structural and Functional Roles of Lipids in the 
Surfaces of Animal Cells Grown in Vitro. R. R. Kievece 
and G, L. Forrest, Metabolic Regulation in the Cell 
Cycle. J. R. Williams and J. B. Lite, DNA Repair in 


Edited by TRAVIS THOMPSON and PETER B. DEWS e 


of the Tetrahydrocannabinols. R. A. Meisch. Ethanol 
Self-Acmmistration: infrapuman Studies. C. R. Schuster 
and R. L. Balster, The Discriminative Stimulus Proper- 
ties of Drugs. J. B. Appel and L. A. Dykstra, Drugs, 
Discrimination, and Signal Detection Theory, PoBo 
Dews and G, R. Wenger, Rate-Dependency of the Be- 
havioral Effects of Amphetamine. A, Pickens, Behavioral 
Pharmacology: A Brief History. 7. Thompson, Current. — 
Status of Behavioral Pharmacology. oe 
1977, 288 pp.. $16.50/£11.70 ISBN: 0-12-004701-2° 
also available in Library Edition with Microfiche. 
$21.50/£15.25 ISBN: 0-12-004770-5 Microfiche only, 
$717.50/£8.15 ISBN: 0-12-004771-3 


Growth, Nutrition, and Metabolism of Cells in Culture voLume3 
Edited by GEORGE H. ROTHBLAT and VINCENT J. CRISTOFALO 


“CONTENTS: G. M. Martin and C. E. Ogburn, Cell, Tis- 


Cultured Mammalian Cells. H, L. Leffert and Kẹ S. Koch, 
Control of Animal Cell Proliferation. M. H. Makman 
et al. Cyclic Nucleotides. G. P. Studzinski, Viral Trans- 
formatfon of Cultured Mammalian, Celis As a Multi-Step 
Process. L. Diamond and W. M. Baird, Chemical Car- 
cinogenesis in Vitro. R. M. Nardone, Toxicity Testing 
in Vitro. 

1977, 536 pp., $26.00/£18.45 ISBN: 0-12-598303-4 


FOURTH EDITION 


Trace Elements in Human and Animal Nutrition ` 
By ERIC J. UNDERWOOD 


After surveying the nature, occurrence) discovery, 
modes of action, requirements, tolerances, and meta- 
bolic interactions of trace elements, the author presents 
detailed discussions of individual elements, elaborating 
their chemical forms and distribution in the animal 
body, their absorption, metabolic mgvements and ex- 
cretion, their biochemical and physiological functions, 
and their toxic effects in the cells. Descriptions of the 


clinical and pathological manifestations of deficiencies, 
imbalances, chronic toxicities, and sources as well as 
a critical assessment of minimum needs and maximum 
tolerances follow. Finally, the author introduces soil- 
plant-animal interrelationships, including environmen- 
tal cycling of the elements and soil-water relations in 
human health and disease. 

1977, 512 pp., $29.50/£20.95 ISBN: 0-12-709065-7 
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Molecular Mechanisms of Protein Biosyn thesis 


Edited by HERBERT WEISSBACH and SIDNEY PESTKA 
JA Volume in the MOLECULAR BIOLOGY Series 


CONTENTS: F. Lipmann, introduction. J. Olengand, 
Transfer RNA and Aminoacyl-tRNA Synthetases. C. 
Kurland, Ribosomes: Structure and Function. H. G. 
Wittmann and G. Stoffier, Ribosomal Proteins. M. Pel- 
legrini and C. R. Cantor, Affinity Labeling of Ribosomes. 
M. Revel, initiation of Protein Synthesis and Regulation 
of Protein Synthesis. D. L. Miller and H. Weissbach, 
Elongation Factors Required for Aminoacyl-tRNA Bind- 


The second colloquium of the Laboratory of Chem- 
ical Evolution of the University of Maryland, held on 
October 29-—-November 1, 1975, at College Park, Mary- 
land, explored the question of chemical evolution as it 
relates to the precambrian. The participants, consisting 
of geologists, chemists, and biologists, focused on the 
important questions, “When did life begin?" and “is 
there any evidence for prebiotic processes on the 
earth?’ The subsequent discussions entailed examin- 


ing to Ribosomes, N. Brot, Translocation. R. Harris and 
S. Pestka, Peptide Bond Formation. C. T. Caskey, Ter- 
mination, S. Pestka, Inhibition of Protein Synthesis. 
D. Shafritz, mRNA Transiation. B. de Cromburgghe, 
DNA Dependent Protein Synthesis, /. Smith, The Gene- 
tics of Protein Synthesis. ` 

1977, about 700 pp., in preparation 

ISBN: 0-12-744250-2 


Chemical Evolution of.the Precambrian 
Edited by CYRIL PONNAMPERUMA 


. ing every aspect of the precambrian, from the forma- 


tion of the earth’s crust to the appearance of the first 
cell and its evolution to the eukaryotic organisms of 
the late precambrian. The papers in this volume repre- 
sent the latest thinking and experimental evidence 
available on the early precambrian and wil! be of ut- 
most interest to biologists, chemists, paleontologists, 
and geologists investigating the origin of life. 

1977, in preparation ISBN: 0-12-561360-1 


Prices are subject to change without notice. 


Customers ordering from Academic Press New York—-send payment with order and save postage plus 
$.50 handling charge. 


ACADEMIC PRESS, INC. 


A Subsidiary of Harcourt Brace Jovanovich, Publishers : 
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24-28 OVAL ROAD, LONDON NW1 7DX 
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Advisory Board: 

T.J. Ahrens. A. Authier, P.M. Bell, G.B. Bokiy. V. Gabis, T. Hahn. 

H. Jagodzinski, J.C. Jamieson, N. Kato, R.C. Liebermann, 

LDC. McConnell, A.C. McLaren, N. Morimoto, A. Navrotsky, 

RE. Newnham. A.F. Reid, R.D. Shannon, D.W. Strangway, 

R.G.J. Strens. |. Sunagawa. V.M. Vinokurov, E.J.W. Whittaker, 

B.J. Wuensch 

+ . * 

Physics & Chemistry of Minerals 

is an international journal devoted to publishing articles and short 

communications of physical or chemical studies on minerals or 

solids related to minerals. The aim of the journal is to support 

competent interdisciplinary work in mineralogy and physics or 
chemistry. Particular emphasis is placed on applications of modern 
techniques or new theories and models to interpret atomic structures 
and physical or chemical properties’ of minerals. Some subjects of 
interest are: 

- Relationships between atomic structure and crystalline state 

(structure of various states, crystal energies, crystal growth, 

thermodynamic studies, phase transformations, solid solution, 

exsolution phenomena, etc.) 

General solid state spectroscopy (ultraviolet, visible. infrared, 

Raman, ESCA, luminescence, X-ray, electron paramagnetic 

resonance, nuclear magnetic resonance. gamma ray resonance, 

etc.) 

-~ Experimental and theoretical estimation of chemical bonds in 
minerals (application of crystal field, molecular orbital, band 
theories, etc.) 

~ Physical properties (mechanic, magnetic, electrig optical, etc.) 

-- Relations between thermal expansion, compressibility, elastic 
constants, and fundamental properties of atomic structure, 
particularly as applied to geophysical problems. 

-- Electron microscopy in support of physical and chemical studies. 
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INTRODUCTION 
TO GEOLOGY: 


Volume 2 
EARTH HISTORY 


H.H. Read 
&3 Janet Watson. 


Part 1 EARLY STAGES OF 
EARTH HISTORY 

' Part2 LATER STAGES OF 
EARTH HISTORY 


+ 





This scholarly work by two acknowledged 
experts consists of two parts which together 
provide a comprehensive outline of earth 
history covering the whole of the geological 
time span as well as every continent. Part 1 
carries the record to late Precambrian times, 
Part 2 covers the last thousand million years. 


The authors have integrated the records of 
events that took place at or near the earth's 
surface with those of tectonic, metamorphic 
and magmatic events occuring at depth in 
the crust. The development of large 
geological units such as mobile belts and 
basins of deposition are emphasised. Local 
details are presented where appropriate in 
relation to the evolution of these units. 
Economic deposits are discussed in the 
same context. 


The treatment of earth history is based on 
the concept of a long-term rhythm in the 
mobility of the earth's crust. The principal 
divisions of the two Parts deal with . 
successive repetitions of this crustal 
rhythm, while individual chapters are 
arranged on aregional basis. 


* 


This is the second volume of Introduction to 
Geology. Volume 1, Principles, was first 
published in 1962, with arevised second 
edition in 1968. 


Volume 2 
hardcover £5.95. paperback £2 95 
hardcover £6 95. paperback £3.95 


Part j 
Part 2 


For further details and inspection copies, please write 
Rosemary Hamilton (N), The Macmillan Press, 
Little Essex Street, London WC2R 3LF 
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Sedum of -: 
North America 


Sedum of North America, North of the 
Mexican Plateau. By Robert T. Clausen. 
Pp.742. (Cornell University: Ithaca and 
London, 1976.) £42.25. 


Sedum is the largest genus of the family 
Crassulaceae and consists of about 300 
species, most of them jn the north 
temperate zone but some on subtropical 
and tropical mountains. They are suc- 
culent plants, usuadly low-growing and 
smalltleaved, and on account of their 
general easiness of cultivation and propa- 
gation and their numerous’ small starry 
flowers they have long been esteemed as 
rock-garden plants. Theig garden value 
led an fish botanist, Robert Lloyd 
Praeger, to publish in 1921 an account 
of the genus Sedum as found in cultiva- 
tion (J. R. Hort. Soc., 46, 1-314) describ- 
ing and illustrating 151 species, still a 
most useful work. A Swedish botanist, 
Harald Froderstrom, published between 
1930 and 1935 a survey of the genus as a 
whole in Acta Horti Gothoburgensis, 
distinguishing 327 species. Neither com- 
petes in bulk and wealth of detail with 
Robert T. Clausen’s Sedum of North 
America, which devotes 742 pages to 
some 90 species, only 36 of them native. 
Unlike other workers on the genus, 
which he has studied intensively since 
1935, Professor Clausen has been able to 
examine wild populations of almost every 
North American species and has supple- 
mented, his field surveys by experimental 
culture at, Cornell University. Thus he 
has been able to separate environmental 
modifications from genetically fixed 
echaracters. ; 

The result is this comprehensive 
monograph admirably illustrated with 
various sketch maps and with line 
drawings of all the species by Elfriede 
Abbe, who earlier provided those tn 
Clausen’s Sedum of the Trans-Mexican 
Volcanic Belt (1959). That work set out to 
be “an exposition of taxonomic methods”, 
not simply a concise working account of 
28 Mexican species, and provided a 
prolixity of detail irrelevant for almost all 
its users. In Sedum of North America, 
because the area covered is about 216 
times larger (though with almost the 
same number of species), the same treat- 
ment has resulted in this huge and 
expensive work. It raises the question as 
to whether the printing (as distinct from 
the research and recording) of so many 
measurements in the diffuse paper- 
covering style of this book ts justifiable 
nowadays, since the information relevant 
for most purposes could have been 
presented in a volume of less than half 
the size and half the price. It thus suffers 
from a defect produced by its major 
virtue. Having worked so long, so thor- 


oughly and so successfully at under- 
standing these plants which can indeed 
only be properly evaluated from living 
material studied both in the wild and 
under cultivation, Professor Clausen has¢ 
evidently felt"he must publish everything, 
an honest enough procedure but costly. 
Thus his account of Sedum spathulifolium 
occupies 35 pages; he nevertheless leaves 
somewhat uncertain Praeger’s var. pur- 


pureum, of which he has seen no material, 


although this is still cultivated in England. 

For anyone interested in the Sedum 
species of North America, their characters, 
population variation, nomenclature, dis- 
tribution and identification, this work 
will be indispensable, which makes its 
high cost all the more regrettable. Like- 
wise regrettable is the lack of attention 


Statistical mechanics 
of liquids 


Theory of Simple Liquids. By J. 
Hangen and I. R. McDonald. Pp. 
xv+ 395. (Academic: London and New 
York, 1976.) £14; $30.65. 


RECENT years have shown an upsurge 
of interest in the statistical mechanics 
of liquids, whieh has been marked by 
a number of important advances. The 
advance has been continuous since 
1957; the previous history of the sub- 
ject had been a series of fundamental 
advances,*with long gaps in between. 

This book is a timely and balanced 
survey of recent developments, shows 
how they are related to the older work, 
and explains the relationships between 
the various theoretical approaches. @he 
year 1957 showed that the task of 
evaluating the correct consequences cf 
an assumed intermolecular interaction 
function was within the power of large 
computers and this has stimulated a 
great deal of further work. One good 
feature is a special chapter describing 
techniques of these computer calcula- 
tions. 

The days of analytical results in this 


a field are, however, very far from over, 


and these approaches are described in 
chapters 4, 5 and 6. Basically what has 
happened is that the fundamental ,ad- 
vances made by Kirkwood (the feas- 
ibility of an integral equation approach) 
and by Mayers (the diagram expansion 
technique) have been systematically fol- 
lowed up and improved. It has also 
been found possible to develop per- 
turbation theories gnalogous to those 
of quantum mechanics and celestial 
mechanics. These three chapters pro- 
vide a connected account of these 
developments, contain very little repe- 
tition and are a pleasure to read. 
Some workers consider equilibrium 
statistical mechanics to be difficult 
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to page headings; instead of the verso 
heading throughout the book unneces- 
saril® proclaiming that it deals with 
“Sedum of North America”, it could 
more usefujly have given the chapter 
heading, while the recto heading then 
named the species, dealt with beneath, 
which is often not evident. One hopes 
that some day Professor Clausen will 
produce a convenient illustrated hand- 
book to the genus Sedum in America as 
a whole, summarising concisely the 
results of his many years of painstaking 
enquiry. W. T. Stearn 


W. T. Stearn is Honorary Botanical Curator 
of the Linnean Society, and was formerly a 
Senior Principal Scientific Officer at the 
British Museum (National History). 


e 
enough and fight shy of transport pro- 
cesses. 4 large amount of work has, 
however, been carried out, and is well 
summarised in chapters 7, 8 and 9, 
which the reviewer, largely an ‘equili- 
brium man’, found most helpful. In 
reading a published paper in this field 
it can be quite difficult to separate the 
formalism and the ‘intelligent guess- 
work’ or to see whether any difficulties 
of principle are being glossed over. 
These chapters will certainly be helpful 
to many workers, as will the account 
of generalised hydrodynamics, hard to 
find elsewhere except in original papers. 

I was disappointed to see no men- 
tion of surface tension and related 
phenomena. One of the first definite 
results in liquid-state theory was Lap- 
lace’s relation between surface tension 
and latent heat, and the subject was 
again opened up by the pioneer work 
of Kirkwood and Buff. Many of the 
published papers are, however, obscure 
and complicated; perhaps lack of 
space was the deciding factor. The final 
chapter, on phase transitions, seems to 
have suffered for a similar reason. The 
discussion of mélting is as good as could 
have been hoped for in the present 
rather fragmentary state of knowledge 
but I would have liked to see a far 
more extensive account of the critical 
region. In particular, | would have liked 
to know the authors’ own views on the 
following point. Why do scaling and 
renormalisation group methods pro- 
vide good results despite the fact that 
they seem to use approximations just 
as drastic as those that vitiated older 
theories of phase transitions? 

The book is well printed and pro- 
duced but the price seems on the high 
side even at present levels. There is a 
valuable bibliography and a good index. 

H. N. V. Temperley 
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H. N. V. Temperley is Professor of Applied 
Mathematics at University College of 
Swansea, University of Wales, UK 
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Drama of 
environmental 
physiology . 


Environmental Physielogy of Animals. 
Edited by J. Bligh, J. L. Cloudsley- 
Thompson and A. G. MacDonald. Pp. 
vili+-456. (Blackwell Scientific: Oxford, 
1976.) Cloth £18; paper £9.50. 


THis book is a multi-author text for 
degree-level students who have at least 
some knowledge of physiology and eco- 
logy. Its scope is very wide for, as the 
editors state in a postscript (p434) “Be- 
tween a rgutation and the resultant mar- 
ginal benefit detectable in a population 
there lies an enormously complicated 
drama acted out by individual organisms 
in an environment which is certainly in- 
different and often hostile. Environ- 
mental physiology fy this drama, and is 
thus the central subject of biology. It 
embraces the intracellular molecular 
biology which accounts for the occur- 
rence of mutations, as well as classical 
unicellular and multicellular morphology, 
physiology, biochemistry and ecology. It 
demands the ability to think at different 
levels of analysis—at those of molecules, 
of cells, of organisms and of populations, 
because organisms adapt in different ways 
at these different levels”. 

The text is divided into four main 
sections, and there 4s also an editorial 
introduction (part I) and postscript (part 
VID. Apart from the editorial contribu- 
tions, the main text consists of a short 
section (part H) of two chapters on the 
origin of life and the evolution of the 
oceans and atmosphere. This is followed 
by a major section (part TID of seven 
chapters on adaptive mechanisms which 
have resulted from long-term evolutionary 
changes. It includes excellent reviews on 
ionic and osmotic regulation in aquatic 
animals, water balance and excretion, gas 
exchange, and reproduction. Part IV on 
acquired adaptations contains a well- 
coordinated and stimulating series of 
chapters on non-genetic adjustment to 
chang® in environmental conditions. This 
is followed by a section (part V) on imme- 
diate homeostatic or sensory responses. 
The latter contains chapters on sensory 
physiology, buoyancy, colour change, and 
temperature regulation. 

A feature of this book is the contribu- 
tions by the editors to coordinate the text 
so that contributory chapters can be 
placed clearly into the context of the 
framework of the book as a whole. It is a 
praiseworthy attempt to overcome some 
of the problems associated with multi- 
author texts, and Some of the ptefaces and 
introductory chapters to each section are 
quite outstanding. Chapter 11 introducing 





the concept of acclimatory adaptation and 
chapter 16 on rapid responses of organ- 
isms to environmental change, are especi- 
ally clear in introducing later chapters in 
each section. Other chapters are, how- 
ever, less successful in this respect and are 
in places even stightly ludicrous in 
attempting to unite environmental con- 
cepts with those of physiology. After 
identification of the principal terrestrial 
environments in chapter 6, for example, 
the reader is informed (p102) that “The 
topography of the land and variations of 
its climate represent the same part in the 
make up of the environment, figuratively 
speaking, as morphology and physiology 
do in the life of an animal (12). Thus 
irrespective of climate, the mammalian 
fauna of desert, savanna, steppe, tundra 
and high plateaux have certain features in 
common”. I was unable te fully under- 
stand either the precise meaning of the 
analogy attributed to Haviland (1926), or 
the logic of its relationship with the state- 
ment that follows it. 

It was a little disappointing to find that 
there was no chapter on sense orgams in 
the section on evolutionary aspects, and 
that no detailed consideration was given 
to topics such as accoustic interactions 
between bats and their prey in chapter 17, 
a topic which would surely have fitted in 


Nematodes 


The Organization of Nematodes, Edited 
by N. A. Croll. Pp. viii+ 439. (Aca- 
demic: London and New York, 1976.) 
£15; $32.75. 








TH® multi-author volume contains four- 
teen chapters which describe various 
aspects of the structure, physiology and 
biochemistry of nematodes. The con- 
troversial topic of nematode taxonomy 
is discussed in the first chapter and is 
followed by chapters which review, to 
a greater or lesser extent, energy meta- 
bolism; the functional organisation of 
the head; the development and organisa- 
tion of skeletal structures; sense organs 


and their secretions; nitrogen excretion, | 


osmotic and tonic regulation: nematodes 
as models for ageing studies; respiratory 
physiology; hormones: neuromuscular 
physiology; the mechanics of feeding; 
behavioural coordination: the use of 
mutants to analyse the sensory system; 
and survival strategies. 

The individual chapters of this book 
are of a high standard, and some are 
excellent. In a book with this title, how- 
ever, one would exp&ct complete coverage 
of all fields of the organisation of nema- 
todes, but the alimentary system, with 
the notable exception of the oesophagus, 
and the reproductive systems, with the 
exception of the spicules and the egg- 
shell, are not included; yet these are 
major systems in nematodes. 
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well with the concepts underlying the 
theme of this book. Įt was also slightly 
surprising to find in the chapter on loco- 
motion that there were no diagrams of 
how fishes, quadrapeds and flying animals 
actually conform to Newton’s three Laws 
of Motion, despite the excellent prelude 
to chapter 8 stating these as underlying 
principles. Perhaps these were assumed 
to be well-known from other texts, but it 
would surely have been well-worth illus- 
trating them in a comprehensive book 
designed for the undergraduate level. 

The contributions overall are of very 
high quality, and are remarkably free of 
mistakes. The book has been well,com- 
piled and conscienciously edited so that, 
in genergl, isdividual chapters are well- 
balanced reviews which fit the stated 
theme of the book.* The continuity is 
greatly aided by the editorial contribu- 
tions, some of which are exceptionally 
stimulating. This book will be a welcome 
addition to the shelves of the physiolo- 
gist and tcologist. It is enjoyable to read 
and is to be highly recommended for 
courses in environmental physiology at 
university level. R. C. Newell 


R. C. Newell is Professor of Environmental 


Biology at the Institute of Biology, Odense 
University, Odense, Denmark. 


The reviews are also not grouped in a 
logical manner. This may be deliberate 
policy to emphasise the individual nature 
of each chapter, but one would, for 
example, expect to find energy meta- 
bolism, respiratory physiology and nitro- 
genous excretion dealt with in adjacent 
chapters. There is also overlap of subject 
matter in several chapters. This is in- 
evitable in a multi-author volume, but 
sense organs, fop example, are described? 
in chapters 3, 5 and 13, with no cross 
references. It is unfortunate that the 
authors of these particular chaptérs 
were apparently not given access to 
each other’s manuscripts. Several chap- 
ters are comprehensive reviews of the 
subject, whereas some others deal with a 
smaller number of examples or topics 
in greater depth. Some chapters include 
important work which has not pre- 
viously been published. It is a matter 
for regret that the plates, especially 
the electron micrographs, do not occupy 
more of the page, as certain details 
have been lost as a result. 

This book is a significant contribution 
to the literature on nematodes, and will 
be extremely useful to those who teach 
and carry out research on these impor- 
tant animals. It will also be heavily 
used by students who wish to pursue, 
in depth, the various topics dealt with in 
the book. D. L. Lee 





D. L. Lee is Professor of Agricultural Zoology 
in the Department of Pure and Applied 
Zoology at the University of Leeds, UK. 
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| HYPERTENSION 





Two Key Books 


‘Hypertension and 


Brain Mechanisms 


edited by W. DE JONG, A. P. PROVOOST 
and A. P. SHAPIRO 


PROGRESS IN BRAIN RESEARCH, Vol. 47 


1977. about 380 pages. 
US $ 57.95/Dfl. 142.00. ISBN 0-444-41 534. 3 


This book contains contributions by over 
forty international ‘authorities on the 
control of arterial blood pressure by the 
brain. These centre on three main areas: 1 ) 
integration of neuroanatomy, neurophys- 
iology and neurotransmission of the 
central nervous system in relation to 
cardiovascular control and emotional 
behavior in man and animal; 2) brain dam- 
age, i.e. infarction, blood flow disturbances, 
stroke, etc, resulting from hypertension and 
vice versa; 3) evaluation of brain mech- 
anisms in drug and non-pharmacological 
treatment of hypertension, including bio 
feedback, relaxation techniques and the 
role of the social environment. 


The wide scope of this book makes it of 
interest to researchers concerned with 
„hypertension as well’as to those engaged 
in its treatment. It will be of great value to 
clinicians, physiologists and pharma- 
cologists and also to neurologists and 
psychologists. 

CONTENTS: Neuroanatomy and ne@rophysiological 
mechanisms of central cardiovascular control. Neuro- 
transmission in relation to cardiovascular control. 
Brain damage and hypertension: experimental and 
clinical. Integrated brain function and hypertension. 
Pharmacological aspects of central acting antihyper- 


tensive drugs and influence on peripheral effector 
mechanisms. Subject Index. 


TY 


Control Mechanisms in | _ 


Essential Hypertension 


by W. H. BIRKENHAGER and 
M. A. D. H. SCHALEKAMP 


1976. xviii + 182 pages. 
US $26.75/Dfl. 65.00. ISBN 0-444-41452-5 


from the introduction® 


“Professor Birkenhager and Dr. Schalekamp 
have themselves made great contributions 
to knowledge by their wide researches 
into haemodynamic, renal, functional and 
humoral influences ‘in essential hyper- 
tension. They are particularly fitted there- 
fore to collate the rapidly expanding corpus 
of world knowledge in this field and this 
they have done with commendable fairness 
and critical appraisal.” 


CONTENTS: Blood pressure as a variable. 
systemic haemodynamics. Renal haemo- 
dynamics and renal function. Body fluids 
in essential hypertension. The adrenergic 
system in essential hypertension. Renin, 
angiotensin and aldosterone. Autoregula- 
tion: a factor in the genesis of hypertension? 
Cardiovascular reactivity and volume con- 
trol during antihypertensive drug treatment. 
The pathophysiological profile of essential 
hypertension as a guide to treatment. Spe- 
culations. Subject index. 


“Professor Birkenhager and Dr. Schalekamp have 


made a substantial contribution to our knowledge ` 


of the regulation of the circulation in hypertensiof, 
and their book is a balanced review of this difficult 
and contentious subject.” 

r Lancet 


ELSEVIER/NORTH HOLLAND 


BIOMEDICAL PIeESS 


P.O. Box 211, Amsterdam, The Netherlands 


Distributor inthe USA.and Canada: 


ELSEVIER NORTH-HOLLAND, INC., 52 Vanderbilt Ave., New York, NY 10017 


The Dutch guiider price is detinitive. US $ prices are subject to ex change rate Huctuations. 
Circle No. 11 on Reader Enquiry Form. 


2114 BMP 


WILEY 


INTERSCIENCE 





Nature 7 April 1977 








ABNORMAL AGEING: The Psychology 


of Senile and Presenile Dementia 
by E. Miller, University of Southampton. 


Ageing is rightly a topic of increasing concern and research 
interest. The growing proportion of the elderly in the population 
raises many important issues for society, and presents some 
problems. Dementia is one of the commonest and yet most difficult 
disorders found in older people, and the basic aim of this book is to 
present the psychological aspects of dementia. 

The author reviews what is known about the psychological 
changes produced by dementia and discusses the practical 
contributions that ‘lees can make in dealing with the 
demented individual. 


e + 
0471 99439 1 176 pages * February 1977  £5.75/$11.00 


PHARMACOLOGY: Drugs Affecting 


Behavior 
by C. Kornetsky, Boston University School of Medicine. 


Describes the physiological and psychological effects of drugs 
used in treating the mentally ill, the epileptic, and the hyperkinetic 
child, and presents various theories conceming the mechanisms 
involved in the therapeutic action of drugs and the pharmacology 
of abused drugs. 


0471504106 288pages September 1976 £14.00/$24,50 


IMMUNOCHEMISTRY OF ENZYMES 


AND THEIR ANTIBODIES 
edited by M. R. J. Salton, New York University Medical Center. 


Leading medical scientists pool their collective experience to 
formulate basic principles for the interaction of enzymes and 
antibodies and explain how these interactions can be used to solve 
complex molecular and biological problems. Features selected 
model systerns illustrating the use of enzyme/antibody 
interactions to establish molecular structure and architecture of 
enzymes. (Developments in Medical Microbiology and Infectious 
Diseases). 


0471 74995 8 240 pages February 1977 £14.25/$24.15 


IMMUNOBIOLOGY FOR THE CLINICIAN 
by H. R. K. Barber. 


A concise, overall view of the basic as and recent 
developments in immunology. Topics include: Structure of a 
Normal Cell and Cancer Cell Kinetics; immunity, Antigens, and 
Viruses in Relation to Cancer; immunodeficiency Diseases: 
immunofaematology; immunosuppression; Immunology of 
Cancer, Immunotherapy and Immunopotentiation. 


04710 4785 6 320 pages February 1977 £14.65/$24.75 


JOHN WILEY & SONS 


TROPICAL CLIMATOLOGY: 
An Introduction to the Climates 


of the Low Latitudes 

by S. Nieuwolt, Department of Geography, Kenyatta University 
College, Nairobi. 

This textbook is intended for students of geography, biology and 
agriculture whose studies include a course on the climate of 
tropical regions and the effects of the weather upon man’s 
activities in these regions. 

The book explains the origin of the tropical climates in a 
noremathematical way and all quantitative data are illustrated by 
maps and diagrams. 


0471 99406 5 218 pages February 1977 £6.95/$15.00 


GEOLOGY OF CALIFORNIA 


by R. M. Norris and R. W. Webb, both of University of California, 
Santa Barbara. 


The first systematic, comprehensive text covering major 
fundamental elements of the geology of Califomia. The book 
incorporates the most recent research on the basic geo! ogy of the 
earth's crust as reflected in the visible geology of the provinces of 
the state of Califomia. 


0471 64566 8 392 pages 


a 


February 1977 £9.35/$16.00 


CELLULOSE AS A CHEMICAL AND 


ENERGY RESOURCE 

edited by C. R. Wilke, University of Califomia. 

This contains papers by scientists and engineers actively invoived 
in research related to cellulose. The papers were presented at the 
Cellulose Conference Proceedings, held under the auspices ofthe 
National Science Foundation, at the University of Califomia, * 
Berkeley, June 1974. 


0471 01549 0 370 pages March 1976 £14.50/$25.20 


MICROPROCESSORS AND 
MICROCOMPUTERS 


by B. Soucek, State University of New York, Stony Brook and 
Institute Ruder Boskovic, Zagreb. 


Describes the general programming and interfacing techniques 
common to all microprocessors, concentrating on detailed 
description of representative microprocessor families. Numerous 
illustrations, examples and a bibliography are provided along with 
exercise problems. 


0471 81391 5 624 pages April 1976  £17.00/$29.75 
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newly on the market 








These descriptions are prépared by the 
staff of Nature on the basis of material 
provided by manufacturers. There is a 
Reader Enquiry Form on page xxi. 


HPLC Column Injector System. Shan- 
don Southern. The system comprises an 
optimised septum injector or an 
adaptor Allowing the use of other 
injectors, a range of columns up to 
8mm bore, and a packing tube for 
slurry packing. These are degigned as 
a unified system and combine the high 
efficiency of syringe injection with a 
standard of reproducibility normally 
associated with valve injection systems. 
Both analytical and small scale pre- 
parative chromatography are possible. 
Circle No. 33 on Reader Enquiry Form 


High-Resolution Underwater Detection 
System. Marconi. A digital sonar navi- 
gation, positioning and detection aid 
for the location, tracking and recovery 
of underwater objects such as well- 
heads, pipelines and divers known as 
Marfix, this portable acoustic detec- 
tion system employs a new method of 
sonar electronic scan. Marfix com- 
prises three main units: a processor, 
a display and a portable transducer 
*which can be mounteé on most vessels 
to scan either horizontally or vertically. 
Circle No. 34 on Reader Enqyiry Form 


Digital readout refractometer. Anacon. 
The Model 42 provides instantaneously 
a digital LED display of refractive in- 
dex and sample temperature. The 
readout can be calibrated in refractive 
index, percentage, degrees Brix or any 
other relevant unit and produces a 
repeatability of +0.0002 RI. Provision 
of external water bath connections 
allow sample temperature control. Size: 
13X6x10in; weight 15 lb. 

Circle No. 35 on Reader Enquiry Form 


Automatic audiometer. B & K Labora- 
tories. The Type 1800 Audiometer will 
provide extremely accurate and reliable 
automatic recordings in less than 
10min per individual, is for Bekesy 
type audiometry and provides a series 
of pure tone signals at seven different 
frequencies from 500 to 8000 Hz, either 
pulsed or continuous. 

Circle No. 36 on Reader Enquiry Form 


In vitro Bleeding Time Recorder. 
Payton Associates. The BTR-400 
replaces the traditional in vivo method 
eliminating some of the limitations 
and undesirable aspects e.g. trauma, 
repeated incision, and scarring. It also 
minimises the risk of infection. Simul- 
taneous determinations of up to four 
different bleod samples are possible. 
Blood is pumped at a constant rate 
through tubes, near the end of each’ of 
which is a minute orifice. Drops of 
blood fall through a _ photo-sensitive 
detector and this information is trans- 
lated into bleeding time, stored in a 
memory module, and displayed via a 
4-way selector switch on a digital 
(LED) counter. The Payton system 
also facilitates mixing experiments and 
provides ready access to the hemo- 
static plug for further study. 

Circle No. 37 on Reader Enquiry Form 





Payton BTR-400 


Minature cryogenerator. Pye Unicam. 
The type MC80 Mini-Cooler is an ex- 
tremely compact, lightweight cryogen- 
erator able to produce temperatfires 
down to 80 K within 15 min. 

The MC80 measures 38 cm high and 
weighs 6 kg. Operating on the Philips- 
Stirling principle,. the MC 80 produces 
a cold output, approximately liquid 
nitrogen temperature, at a copper ‘cold 
finger’ normally sitWated inside a trans- 
parent bell-jar vacuum head; there is 
provision for pneumatic lines and 
electrical connections to be made 
through the vacuum wall allowing ob- 
servation of experiments carried out in 
the bell-jar. 

Circle No. 38 on Reader Enquiry Form 


Resonant optical scanners. Techmation. 
Operating on the oscillating torsion 
bar (bearingless) principle, these 
motors exhibit an extremely long 
mechanical life and are designed for 
use in applications where a single 
frequency between 100 Hz and 2 kHz, 
fixed scanning angle and extreme 
reliability are required. They show a 
high order of amplitude stability 
(0.6%, per °C) and are supplied com- 
plete with precision mirror. 

Circle No. 39 on Reader Enquiry Form 


High versatility SEM/X-ray system. 
Philips. A high-performance scanning 
electron microscope PSEM 500 inter- 
faced with a fully-focusing wavelength 
dispersive X-ray spectrometer, the 
PSEM 500X, not only permits analysis 
of X-rays from Z=5 to Z=92 but is 
the first such system to use the 
vertical spectrometer orientation—a 
configuration which offers the highest 
mechanical reproducibility—without 
the need for an optical microscope. 
Instead, a new standard in specimen 
height accuracy afd reproducibility is 
achieved via the unique, fully- 
eucentric gonimeter coupled with its 
46mm fine Z-adjustment (in 0,2 um 
steps) and the large (210 mm) Rowland 
circle of the spectrometer. An ex- 
tremely high-vacuum system (10° 
torr, inclusive of the spectrometer 
assembly) vastly improves practical 
light-element detection. Thus, absorp- 
tion of ‘sof® X-rays from light 
elements, due to specimen contamina- 
tion, is seldom encountered. The same 
vacuum system, without modification, 
allows operation with optional higher- 


brightness sources—a particularly 
valuable facility for excitation of 
X-rays from light element® The 


standard 5OkV electron optics of the 
PSEM 500 is ideal, when using an 
energy | dispersive X-ray detection 
system, for unambiguous excitation of 
K-line X-rays from heavier elements. 
The larger excited volume of X-rays, 
when using 50kV electrons, can also 
facilitate easier trace-element detec- 
tion. The energy dispersive and wave- 
length dispersive spectrometers can be 
in operation at the same time, thus 
giving an optimum choice of the 
characteristics of each type of spectro- 
meter. 

Circle No. 40 on Reader Enquiry Form 
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CO: Incubator. Assab. In the T304GF, 
temperature is controlled within the 
range +25 °C to +75 °C to a tolerance 
of +0.3°C throughout the cabinet. 
The CO; level, ranging from 0 to 25%, 
is continuously analysed and controlled 
through the use of a thermal con- 
ductivity sensor which responds rapidly 
to changes in CO. as small as 0.1%. 
This system ensures the most 
economical use of CO, and rapid 
recovery of the preset level following 
door opening. Humidity is produced 
by the controlled recirculation of the 
cabinet CO./air mixture through a 
water bath. A polymer foil hygrostat, 
accurate to +2.0% RH, senses the 
relative humidity and operates the 
circulating pump accordingly. Both 
temperatyre and Co, control centres 
are solid state plug-in units which can 
be easily replaced. Controls ¿are pro- 
vided to set required levels which are 
displayed on digital meters. If 
required, visual or audible high/low 
alarms can be specified for temperature 
and CO, functions. Dimensions: 800 
600 x 600 mm. 

Circle No. 41 on Reader Enquiyy Form 


Scanning electron microscope. Philips. 
The SEM 501 has a guaranteed 70 A 
resolution which can be consistently 
achieved and often exceeded and uses 
a three lens optics achieving a wide 
range of illuminating conditions, Its 
illumination efficiency, smallest spot 
size of 40 A and lew magnetic field at 
the specimen all combine to give high 
resolution images. Specimen position- 
ing, at any magnification within the 
standard X4 to X160,000, is easily 
attained. The SEM 501 incorporates 
TV rate imaging, 30kV_ electron 
optics, micron marker, independent 
number of lines and line time selection, 
high resolution photomonitor, digital 
display of magnification, Y modulation, 
a modular specimen rotation unit. 

Circle No. 42 on Reader Enquiry Form 


Electronic motionless switch. Siemens. 
A reliable, long-lived piezo-electric 
motiqniess switch for the direct control 
of ICs. The fully encapsulated switches 
can be used separately or grouped to 
construct switch panels and can be 
operated off symmetrical a@r asym- 
metrical voltages between 4 and 30 V, 
generates*® a current of 60mA 
(adequate for miniature relays) for 
roughly 0.3s under a brief pressure 
of around 150g. In contrast to induc- 
tive proximity switches, this switch 
must be actuated by a defined pressure. 
A red, green or yellow light-emitting 
diode under a cap, whigh can be 
removed for the insertion of inscrip- 
tions, indicates the switch status 

Circle No. 43 on Reader Enquiry Form 
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Metallurgical microscope. Reichert- 
Jung. The MetavaR microscope has a 
series of variants which enable all 
metallurgical examination 
techniques to be undertaken and uses 
an identical stand throughout the 
range but alternative optics and 
illuminators depending on the tech- 
nique. The incident light equipment 
is available in three options either for 
bright field polarisation, dark field or 
interference contrast. They are easily 
and accurately fitted or interchanged 
between stand or viewing tube. The S 
is for polarised light and bright field 
examination, the U is for examinations 
in bright field, dark field and polarised 
light; and the IK is for interference 
contrast, polarised light and bright 
ground examinations. Supplementary 
equipment for the series “includes dual 
viewing projection screen, camera 
systems and drawing apparatus. 

Circle No. 44 on Reader Enquiry Form 


Reichert-Jung MetavaR metallurgical microscope 


Uric Acid Clinical Diagnostic Kit. 
Pigrce Chemical. The kit uses a unique 
method for quantative serum uric acid 
determination. Its direct serum pro- 
cedure eliminates deproteinisation, and 
its unique two-tube method eliminates 
interferences from common drugs and 
native serum constituents. Absorbance 
values are linear to 20mgdl"'. The 
test can be run in a little over 35 min 
and colour development takes place 
within I5 min at room temperature. 
The final colour is stable for 90 min. 
The uricase is stable refrigerated; all 
other sonstituents are stable at room 
temperature. 

Circle No. 45 on Reader Enquiry Form 
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Automatic sampling system. Hewlett- 
Packard. Batches of up to 60 samples 
can now be analysed automatically in 
sequence, and in replication if desired, 
by HP1084A and HP1082A processor- 
controlled liquid chromatographs. Only 
the sample amount injected is con- 
sumed by the system, making it possible 
to use micro-vials where only small 
samples are available. — 

A detachable unit containing 60 glass 
vials is located on top of the liquid 
chromatograph. A __ variable-volume 
sample injector, a standardd part of 
the chromatograph, then samples each 
vial in numerical sequence. Theeinjec- 
tion volume can be pre-set manually 
at any point between 10 and 200 ul. 
Circle No. 46 on Reader Enquiry Form 


Helium liquefier refrigerator. Sulzer. 
The Turbocryofridge TCF100, has a 
choice of two oil-free compressors, 
ama by large number of plant vari- 
ants to be achieved. By using the larger 
compressor and the cold box to its full 
extent with liquid nitrogen pre-cooling, 
it is possible to increase the minimum 
capacity of 101 He/h (40 W at 4.5K) 
to 80 1 He/h (180 W at 4.5 K). For the 
generation of the necessary refrigerat- 
ing capacity, the cold box is equipped 
with one or two turbo-expanders, each 
with dynamic gas bearings which 
operate at room temperatures. Braking 
is by a _ direct-coupled, single-stage 
centrifugal compressor. 

Circle No. 47 on Reader Enquiry Form 


TV attachment for light microscopes. 
Teletronics. A new closed-circuit TV 
attachment for multi-purpose micro- 
scopes, enables many people to view 
the same microscope slide simultanes 
ously. The new system comprises a 
mini-CCTV camera, a 9-inch black- 
and-whfte TV monitor, and an attgch- 
ment to link the camera to the micro- 
scope. Suitable for use with routine/ 
research/biological microscopes having 
a sleeve of 23.2mm inside diameter, 
the system gives users several options: 
camera-to-monitor cable distance can 
be from 1.5 to 100m; the high- 
resolution 9-inch monitor can receive 
input from up to three cameras; and 
the monitor can be augmented by up 
to 10 additional monitor screens. 

Circle No. 48 on Reader Enauiry Form 


Automatic Colony Counter. Oriel 
Scientific. The Lab-Counter is an auto- 
mated system giving fast and accurate 
counts of various types of samples both 
translucent and opaque. More than 700 
samples per hour can be counted. The 
following samples can be taken by using 
the appropriate sample holder: micro- 
scopic slides, petri dishes 50-100 mm, 
tissue culture flasks, photographic 
films, filter dishes or photographs. 

Circle No. 49 on Reader Enquiry Form 
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~ Why believe 
all our claims 
o for the new 


That’s our claim. 


-a j Don't believe it until you prove it for 

; yourself. Bring your own samples. Sit in 
the driver's seat of our SEM 501. 
Feel for yourself how convenient it is to 
operate. 
Experience for yourself the benefits of a 
ı built-in eucentric goniometer. 
See for yourself the uncompromised 
quality you get from the videoscope and 
unique greyscale generator. .. and better 
than 70 Å resolution time after time. 
Learn for yourself what SEM versatility 
really means! 
While you’re here, learn about our 
unmatched total supportservice. 
What you see in our lab you’ll get in 
your lab. 
That you can believe! 











The new SEM 501 gives you better 
micrographs, consistently, more 
conveniently than with any other 
competitive scanning electron ° 








Philips industries, Electron Optics Department, 
Building TQ Ili-2 Eindhoven, The Netherlands. 


s . 
Seeing is believing! 
I'd like to sit in the driver's seat of your new SEM 501 
Please contact me for a personal demonstration 


y 
$ For the time being, full documentation will do 
Put me on your mailing list for technical/application 
bulletins 
Name: _ s z 
v 


Position: - _ — > 
Organisation: _—ć  ć h 
® Address: sg 


Telephone Ext 
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Circle No. 06 on Reader Enquiry Form. 
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Cooled Incubators 
-dependability 





incubators must be Our cooled incubators 


cover arange of 0 to 
45°C, inambient =. 
temperatures up to 


30°C. Features such as 


- dependable otherwise 
they're useless. The 
Gallenkamp range of 
cooled incubators is 





designed to keep your temperature cycling, 
work at the internal illumination 
temperature you choose. A Compenstat solid state and inner perspex doors are available, and one 
thermostat provides accurate temperature control, model is designed to allow incubation in CO2 
and for additional security, high and low temperature enriched atmospheres. Your work is valuable! 


adjustable safety thermostats are built into A dependable Gallenkamp incubator will take 
. all models. great care of it. 


A Gallenkamp & Co Ltd PO Box 290 Technico House Christopher Street London EC2P 2ER Tel 01-247 32N 


BRANCHES AT BIRMINGHAM EAST KILBRIDE WIDNES STOCKTON ON TEES 
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Circle No. 07 on Reader Enquiry Form. 
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How many people understand what the state does on our 
behalf in prisons, in conflicts such as that en Northern 
Ireland, or in the murky world of demonstrations, pickets 
and strikes? And how well aware are scientists and techno- 
logists of the uses to which the armed forces, the police 
and the prison service put science and technology in pursuit 
of domestic policies? There is general and widespread 
ignorance of these subjects, and so the appearance of The 
Technology of Political Control, by Carol Ackroyd, Karen 
Margolis, Jonathan Rosenhead and Tim Shallice (Penguin 
£1.25), should have been welcomed as a guide to an un- 
charted area. But the book, which stems from investigations 
organised by the British Society for Social Responsibility in 
Science (BSSRS), is too ill-focused, full of ideology and 
lacking in constructive thinking to have anything like a 
major «mpact on the scientist who knows little and wants 
to know more. 

The authors themselves write that their approach ‘may 
seem a curious amalgam of technological exposé and 
“political analysis’ and «indeed it is. The first half of the 
book is devoted to a rambling analysis of the steps by 
which Britain could move towards being a ‘Strong State’, 
obsessed less with the threat from without than with that 
from within as it lays plans in anticipation of social con- 
flict. Such a strong state would have learned a lot from 
the Northern Ireland experience and would practise the 
sort of low-intensity operations described by Frank Kitson 
in a book of that name. The army, more closely integrated 
with the police, would play a significant role in putting 
down insurgency. 

If you believe, as do the authors, that the major function 
of the British legal system is to protect property, that the 
events of the twentieth century are increasingly posing the 
question of socialism or barbarism and that any new 
working class revolution will have to ensure that ultimate 
power resides with the working class, then you will prob- 
ably accept their analysis. A less class-conscious view of 
the world would probably not reveal quite the same trends, 
but that is not the point. The point is, as the authors 
insist, that they are writing as ‘concerned scientists and 
committed socialists’. The actual technology of political 
control is therefore at least as important. 

The technology occupies the second half of the book 
and amongst other things includes phone-tapping, bugging, 
computers, sensing equipment, riot control techniques, 
method of psychological torture and misuse of psychiatry. 
It is described as a ‘vast and grim catalogue available to 





Western governments’. But the detail contains few sur- 
prises. Indeed, it is one of the disappointments of the book 
that it draws so widely on newspaper cuttings and so little 


on detailed research by the authors. Given the grass roots ws 


contacts BSSRS has been developing in the past few years, 
such research surely ought not to have been impossible. | 

Take the example of the computer. The police and the 
army already use computers as data banks, of course, and 
these uses are described. It takes little imagination to spot 
that computers may have a broader role to play in stitching 
together low grade information: as one 
enthusiast put it some years ago, given an adequate com- 
puter network in Northern Ireland, one could put all sorts 
of information together, such as that Mrs O’Reilly hasn’t 

* ¢ i 
gone out for her daily walk to the baker’s, and come up 
with suggestive patterns of use to the security forces, But 
if this is true and it has been done, it poses all sorts of 
questions abo&it the privacy of the individual. The authors 
only very tangentially pick up this issue, either technically 
or in its implications, and give little sign of persistent . 
enquiry. So it seems with many other technical issues. 

To the authors of this book, modern technology in the 
service of the state’s law enforcement agencies is clearly 
an affront because it is or will be used to keep down 
working-class-generated insurgency® and revolution. But 
what do they say scientists should do? It is here that the 
book is at its weakest and briefest. The answer seems to be 
that they should work politically for the abolition of the 
Capitalist state and the establishment of a workers’ militia 
in place of the capitalist army. ; 

Those who take a less extreme view will be more, likely 
to say that many of the problems of technology and political 
control are not amenable to such neat solutions. In 
Northern Ireland there is now plenty of technology on both 
sides, none of it particularly palatable, and talk of working- 
class control is meaningless. In other less strife-ridden parts 
of the country the unspectacular recipe is eternal vigilance. 
Technology does indeed have its role to play in law enforce- 
ment, and law enforcement agencies would be remiss if they 


*did not use technology to the full. But the question is at 


what place use becomes abuse, reasonable enquiry becomes 
harassment, monitoring becomes intrusion. This can only 
be solved on a case-by-case basis, with at least some sort 
of trust in political institutions. The real need is for 
scientists who are involved in ‘military and police research 
to be able to speak up when they see the balance shifting 
in an unsavoury direction. g 
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Mahindra Naraine, recently in the Caribbean, 
assesses the achievements of Cuba’s science policy 
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N FEBRUARY of last year, Cuba 
proclaimed a new constitution and 
established a new governmental system 
which transformed its existing central 


economic development was solid 

enough as a base for further work. 
There was good reason for this. The * 

investment in the universities in the 


ress 


mera 





administration: ten months later, in 
December, the Council of Ministers— 
effectively the new Cuban government 
was appointed by the National As- 
sembly. The country was no longer ruled 
by decree, and elections had been held. 
The changes, marking the fourth phase 
of Cuba’s modern history (see box), are 


now haying their impact on the 
country’s science and technology 
policy. 


e 

The institutional and infrastructural 
framework that the new order super- 
cedes had a chequered record. It was 
characterised by the conscious pro- 
motion of science and technology— 
training personnel, creating research 
institutions, establishing means of 
international collaboration and starting 
research projects. Thus, in 1962 a 
new Academy of Sciences was created. 
In conjuction with the Soviet Academy 
of Sciences it assessed the country’s 
natural resources, and, had as its first 
priority the creation of a soils map and 
national atlas. Other institutes were 
also established: the Institute for Sugar 
Cane Research, the Meteorological 
Institute, the Institute for Scientific 
and Technical Documentation and the 
Institute of Nuclear Research. In 
addition, the Ministry of Industry 
decided to set up special institutes to 
seek immediate or long term policies 
for the use of natural resources; these 
included institutions for the study of 
sugar cane by-products, mineral 
research, chemical research, meteor- 
ological research, standards and metro- 
logy. 

In 1965 the National Centre for 
Scientific Research (CNIC) was created 
to carry out research in several fields, 
especjally in the biological sciences. 
Most of its work is basic research, and 
it enjoys close associations with the 
various institutions and with the 
University of Havana. But ajthough a 
few coordinating bodies were estab- 
lished—Gouncils of Agricultural 
Research, Sugar Research, Geology 
and Geophysics Research and so on— 
there was still no central directing 
body for science and technology. By 
1974 the Cubans felt that they had a 
‘critical mass’ of personnel and 
resources oriented towards research and 
development and that their socio- 
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1960s began to bear fruit in the 1970s § 


with a growing volume of research and 
increasing manpower. There are now 
more than one hundred basic research 
centres of varying size including 
research institutes, experimental 
stations and specialised laboratories, 
in which there are over 21,000 tech- 
nical workers (about 20% of them 
university graduates); expenditure in 
1975 on the basic research centres was 
$75 million. In 1957 there were an 
estimated 4,000 engineers and scientists 
and 5,000 middle-level technicians; in 
1975 there were some 30,000 univer- 
sity graduates, about half of *them 
scientists and technologists. University 
enrolment has grown from 15,000 
(1959) to 30,000 (1970) to 83,000 
(1975); the plan envisages 140,000 in 
higher education by 1980. In 1974 the 
breakdown by disciplines was: 


Science and technology 52.8% 
Agriculture 16.3% 
Medicine © 18.3% 
Education ° 1.8% 
Economics 7.0% 
Social sciences 3.8% 


In 1958 only 11% of the students were 
enrolled in science and technology. 
Aecording to Cuban figures, there are 
20 graduates and technicians per 
thousand of population. This means 
there are some 170,000 technicians in 
the country. 


Highest priority 

The Cubans have given education 
the highest priority, spending $874.6 
million in 1975. The 1976-80 plan 
provides for 1.7 million in primary 
school in 1980, and 1 million in 
secondary school. There are fout 
universities, and in the different pro- 
vinces there are also ‘university col- 
iéges’ which are attached to one of the 
universities. ‘University units’ are 
centres of production, services and 
research where workers can carry out 
productive activities and take classes. 
University research is to a great extent 
carried out in teaching departments as 
an integral part of the students’ 
science and technology training and 
the education of the staff. Some facul- 
ties have developed centres around 
specific topics, where teachers are 
assisted by researchers working in 
nearby schools and where post- 
graduates are trained. Some centres, 





for example the (entre for Digital 
Research and the Institute of Animal 
Science, do only research and post- 
graduate trfining; this type of centre 
is not directly dependent on the faculty 
or schools, and aims to train quality 
personnel and develop research. 

With such advances, it was by 1974 
time for more changes. In June of that 
year the government decided to 
establish a National Council of Science 
and Technology (CNCT) to manage the 
country’s science and technology 
policy. Central management was 
deemed necessary to avoid publication, 
reduce cost, manage international col- 
laboration and to coordinate the work 
of the various institutes with socio- 
economic development. Indeed, in 
establishing CNCT it was explicitly 
stated that a national science policy 
was a political not a technical decision. 

CNCT was set up as an organ of the 
Council of Ministers with its President 
being the Vice-Premier of Education, 
Science and Culture. One of jts vice- 
presidents was the President of the 
Academy of Sciences. The immediate 
task of CNCT was to draw up the 
national science and technology policy 
once this was approved by the Council 
of Ministers, it was expected to control 
the execution of the plan and to pro- 
pose practical application of the 
results obtained. The CNCT itself, 
which did not administer any research, 


and development centre, had three 
main parts: 
1. Presidential Council (President, 


Vice-Presidents, Secretary General and 
Directors.) 

2. Advisory Committee (Members of 
the presidential council; well known 
scientists from different organisations 
and institutions; technical ministers 
and or vice-ministers concerned with 
research sectors and sub-sectors of 
research departments in universities; 
directors of the major research insti- 
tutions.) 

3. Scientific councils (Set up according 
to the nature and needs of the manag- 
ing bodies, they are intended to bring 
together the most famous specialists in 
the relevant discipline independently of 
the organisations where they usually 
work.) 
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Close colaboratioa with the Central 
Planning Authority (JUCE-~PLAN) 
and with other bodies ‘was necessary to 
achieve proper integration of science 
and technological plans with the socio- 
economic and cultural development of 
the country and to ensure that the 
science and technology plan would be 
ome of the categories of the national 
economic plan. The 1976-80 economic 
plan was approved at the first Congress 
of the Cuban Communist Party in 
December 1975, and has three aims: to 
increase and diversify agricultural pro- 
duction to make the country self suffi- 
cient in food; to increase industrialisa- 
tion; and to increase the production of 
sugar and nickel to pay for imports. 

In agriculture the main areas of 
expansion will he rige, vegetables, 
citrus, poultry, fisheries and livestock. 
Industrial production will be increased 
in all areas, particularly fertilisers, 
steel, cement, paper and agricultural 
machinery. It is planned to produce 
about 600 cane harvesters a year from 
a Cuban design; this will reduce the 
workforce in the sector from about 
370,000 to 50,000 by 1980. A nuclear 
reactor with capacity 880 MW will be 
built with Soviet assistance; in 1975 
Cuban electrical generating capacity 
was 6.5X10"W (about 700kWh_ per 
inhabitant) but this is expected to 
increase by 35% over the next five 
years. 

In 1959 sugar constituted 80% of 
Cuban exports and it held a similar 
position in 1970. In the future it is 
expected that the extensive Cuban 
nickel deposits will take over the role 
of main exchange earner, hence the 


300% proposed expansion in nickel 
eproduction. r 
CNCT plan 


The CNCT drew up a plan for 1976- 
80 to link up with the national 
economic plan, slowly integrating 
indigenous research with technology 
transfer. Technology transfer is con- 
sidered by Cubans to be indispensable 
to rapid economic development, but for 
it to be effective it must be adapted to 
local conditions and that means a large 
research and development base is 
essential, The CNCT plan focuses on 
the exploitation of Cuba’s extensive 
laterite deposits; the application of 
nuclear technology and solar energy; 
the development of the electronics 
industry (to produce 100,000 television 
sets and 300,000 radios per year) and 
the development of computing and 
information sysfems (Cuban designed 
mini-computers are now being manu- 
factured with Japanese components— 
under a  Soviet-Cuban agreement, 
Cuba will provide the Comecon coun- 
tries with certain components); the use 
of local products: and agriculture, 


Cuban chronicle 


Over the past hundred years Cuba has 
undergone three major transformation, 
and the development of its science and 
technology policy has tended to reflect 
this historical development. 

The second half of the nineteenth 
century, ending with the first US inter- 
vention from 1898-1902, coincided with 
the rise of Cuban n&tional consciousness 
and the struggle against Spanish colonial- 
ism. The first Cuban Academy of Sciences 
was founded in 1860, immediately prior 
to the Ten Years War, by about thirty 
European-trained academics, many of 
whom made contributions to world 
science. Attempts to introduce scientific 
and technical methods to Cuban agricul- 
ture, then in a primitive state, were 
unsuccessful; colonial conditions meant 
the Academy was ‘peripheralised’, and 
new development stemmed from tech- 
nology transfers rather than indigenous 
sciences. By 1895 there were 1,186 
students in institutions of segondary 
education—0,7 per thousand of popula- 
tion; the subjects studied were mainly 
Greek, Latin and rhetoric. 

Cubans view the period beginning in 
1902 and ending in 1958 as “the period 
of ghe neo-colonial republic marked by 
the presence of American imperialism.” 
Local scientific activity was minimal and 
there were few research centres. The 
Academy of Sciences suffered a slow 
decline: by 1959 its yearly state budget 
was $600 and it did not possess a 
librarian. It was attached to the Ministry 
of Justice, while the Geographical Society 
of Cuba fell under the Ministry of State 
and the National Observatory was part 
of the Ministry of Sea and War. By 1958 
15,000 students were enrolled in higher 
educatiom with 11% studying science 
and technology, About 60,000 students 
were in secondary education, represent- 
ing about 10 per thousand of population. 
American missions in 1937 and 1950 
commented on the paucity of technicians, 
the scientific and technological backward- 
ness of the country and especially in®the 
Sugar industry, and the lack of facilities 
for research at the University of Havana. 

The period was one of great political 
instability and culminated in the Batista 
dictatorship. The plantation economy, 
dependent on sugar for more than 80% 
of exports, was heavily reliant upon the 
US economy both in terms of trade and 
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direct investment. The urban/rural 
dualism injensified, and by 1958 Cuba 


had half a million unemployed and two 
million illiterates and semi-literates in a | 
population of 6.5 million. The period. is f 
seen as one of increasing cultural | 
domination with continual attempts to 
belittle Cuban achievements, The 
example is cited of the recognition given: 
to the American Dr Walter Reed as the 
discoverer of the carrier of yellow fever: 
in Cuba the Cuban Academician Dr 
Carlos Finlay is considered to have 
deciphered the problem. 

The successful revolution of Fidel 
Castro and his followers in 1959 marked 
the start of Cuba’s third period. In- 
fluenced by Soviet industrialisation, 
Castro and particularly Ché Guevara felt 
that a similar programme was necessary 
for the Cuban revolution to succeed. 
Science and technology weree therefore 
recognised as critical factors in social and 
economic development, and in spite of a 
critical fesource shortage, human and 
material resources were allocated for the 
creation of research centres to meet the 
requirements of the development plan. 

The development plan which emerged 
for 1961-63 followed eighteen months 
characterised no less by chaos and 
government measures to gain control 
over all aspects of Cuban society, than 
by a programme of agrarian reform and 
a campaign to eradicate illiteracy. It was 
drawn up by Guevara and was intended 
to transform the Cuban economy from 
an agricultural to an industrial structure. 
It was expected to accelerate develop- 
ment on many fronts by means of im- 
port substitutions with emphasis on heavy 
industry. The programme exceeded 
Cuba’s technical, administrative and re- 


source capabilities; it ended as a 
failure. i 
The second groWth strategy from 


1964-75 reoriented previous. plais, with 
their emphasis on agriculture, to centre 
on sugar and exports. Industrialisation 
remained the long term objective, but it 
was to be a gradual process with 
immediate expansion on a few fronts, 


such as cement manufacture, fertilisers 
and steel. Consequently, the science and 
technology infrastructure continued to 
expand, particularly in the training of 
personnel and in the establishment of 
research centres (see main story). 
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livestock and fisheries. Over 100 prob- 
lem areas have been identified. for 
research and development activity. 

Under the most recent changes, 
however, the National Scientific and 
Technological Council (CNCT) has 
disappeared. Its dutiés have been taken 
over by the State Committee for 
Science and Technology (CECT), whose 
head is a member of the Council of 
Ministers. This committee is the agency 
in charge of directing, coordinating 
and supervising the implementation of 
state and government policy in science 
and technology. It has to advise the 
government, prepare science policy, 
supervise research, establish research 
centres, and manage the science and 
technology information system. 

The Agademy of Sciences is now 
classed as an institute that is a central 
state agency, but its director, will not 
be a member of the Council of 
Ministers. It has been charged with the 
drawing up, supervision and imple- 
mentation of basic research and with 
being the link with foreign organisa- 
tion. The various other technical 
ministries, covering, for example, the 
chemical industry, and mines and 
geology, will continue to have their 
own laboratories and do their own 
industrially oriented research, The 
work of all such ministries, however, 
will be coordinated by the CECT, 


+ 


which will also link up with the 
Academy of Sciences, the Ministry of 
Higher Education and the Ministry of 
Economic Collaboration. 
< 

Growing role 

Cubas international role is now 
growing; it is unusual to find a country 
so little endowed with natural 
resources such a*large source of aid. 
Cuba’s aid essentially comes from the 
technical expertise that is the result 
of its massive investment in scientific 
and technological education. The suc- 
cess has been little short of pheno- 
menal, and it is estimated that there 
are more experts in the developing 
countries from Cuba than from any 
other country. But it is well known that 
Cuba has not achieved this by 
its own means. Since 1960 it has been 
draw into the Soviet orbit; in 1970 
the Soviet-Cuban Commission for 
Economic, Scientific and Technical 
Cooperation was formed, and in 1972 
Cuba joined Comecon. Cuban develop- 
ment has been underwritten b§ the 
Soviets to the estimated sum of $5 
billion since 1959. The full contribu- 
tion of the Comecon countries is hard 
to assess, for apart from credits they 
provided expertise in -the early years 
and also trained Cuban personnel. In 
1969 as much as 20% of the scientific 
and technical staff engaged in research 
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and development in Cuba were foreign 
but this manpower assistance declined 
as the Cuban iñvestments in education 
began to produce results around 1970. 

An important instrument in Cuba's 
new international role is the State 
Committee for Economic Collabora- 
tion (formerly the National Commis- 
sion for Economic, Scientific and 
Technical Collaboration). In coordina- 
tion with the State Committee for 
Science and Technology, it plans and 
administers foreign technical aid. As 
the relentless industrialisation drive 
continues, Cuba’s voice is growing 
more important in the ‘North-South’ 
dialogue. Along with India and Yugo- 
slavia ske hàs been one of the leading 
advocates of greater trade between 
the underdeveloped” countries. For a 
country that in the next decade expects 
to be the most industrialised of that 
group, it sounds like good business. 
Mexico, and Cuba have already 
designed sugar mills and equipment for 
sale to the developing nations. 

How far Cuba will be able to con- 
tinue this programme and supply these 
countries is uncertain. What is certain 
is that a massive investment in science 
and technology has meant great 
political and economic gains. Castro 
was indeed prophetic: “The future of 
this country,” he said in 1960, “must 
be the future of men of science.” a 
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Feasible, sound and attractive 


eines) 


A new report on the prospects for 
solar energy was published last week. 
Colin Norman reports from Washing- 
ton 








aranana 


GIVEN sufficient politital and economic 
support, solar energy technologies 
could supply as much as 40% of the 
world’s energy needs by the turn of 
the century, and a startling 75% by the 
year 2025, according to a report pub- 
lished last week by the Worldwatch 
Institute, a small think-tank concerned 
with global problems. Such a major 
shift from fossil fuels to renewable 
energy resources “would requére an un- 
precendented worldwide commitment 
of resourtes and talent”, but the social 
and economic benefits “would far out- 
weigh the costs and difficulties”, 
claims Denis Hayes, who wrote the 
report*. 

Though a multitude of enthusiastic 
articles and studies have been written 





si a ta cite alg tate 
* Energy: The Solar Prospect (Worldwatch 


Institute, 1776 Mass Avenue NW, Wash- 
ington DC 20036, $2). 


in’ the past few years to extol the 
virtues of solar power, the worldwatch 
report is already attracting considerable 
attention. For one thing, it was pub- 
lished while the Carter Administration 
was in the midst of putting together a 
long-awaited energy policy for the 
United States, a policy which is ex- 
pected to place increased emphasis on 
renewable energy resources. It also 
breaks new ground in analysing the 
worldwide potential for solar power, 
while most other studies have con- 
centrated on solar prospects in a 
sigle country. And its upbeat con- 
clusions are also tempered by some 
realism about the political obstacles 
along the road to a solar powered 
world. 

Hayes begins by noting that a transi- 
tion from oil and gas to alternative 
power sources is inevitable, given the 
fact that production of oil and gas is 
expected to peak in the 1980s and that 
the price of those fuels is already begin- 
ning to increase by leaps and bounds. 
He argues that a switch to coal to pro- 
vide energy needs over the next 50 
years would result in “an absolutely 
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intractable problem” of massive in- 
creases in atmospheric carbon *dioxide, 
that a switch to nuclear power would 
require building so many nuclear 
reactors and recycling so much pluto; 
nium that ‘“‘stch a prospect cannot 
sanely be greeted with equanimity”, 
and that fusion power is a long distance, 
unproven technology. That leaves the 
solar options, which Hayes defines as 
wind, falling water, biomass and 
direct sunlight. 

Though Hayes is quick to acknow- 
ledge that most solar technologies are 
hard put to compete economically with 
conventional fuels at current prices, he 
argues that many alternative power 
sources have environmental costs and 
hidden subisidies which are not usually 
included in economic comparisons. As 
those costs are not internalised and 
as oil and gas prices spiral upwards, 
solar energy will become increasingly 
attractive, Hayes suggests. 

Straightforward comparisons between 
solar power and conventional fuels also 
neglect an importaft factor: solar 
energy is not just more of the same. 
“Most energy decisions are based on 
the naive assumption that competing 
sources are neutral and interchange- 
able”, Hayes notes, but solar technol- 
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ogies offer a highly decentralised and 
flexible power source which, if widely 
used, would result inea very different 
world from one powered chiefly by 
large central generating stations run- 
ning on coal or nuclear fission. Solar 
technologies, Hayes argues, “are more 
compatible than centralised tech- 
nqlogies with social equity, freedom 
and cultural pluralism”. 

Hayes’s basic message, therefore, is 
that a transition to a solar era “would 
be technically feasible,e economically 
sound, and environmentally attractive”, 
Furthermore, “the most intriguing 
aspect of a solar ttansition might lie in 
its social and political ramifications”. 
A constant refrain runing, through 
Hayes’s study is that many Telatively 
unsophisticated selar technologies are 
already syfficiently devefoped to be put 
to use, either alone or in tandem. 

On solar heating and cooling, for 
example, he argues that more atten- 
tion should be paid to the* thermo- 
dynamic efficiency of energy produc- 
tion and use, suggesting that it is 
“surely the height of thermodynamic 
foolishness” to use a nuclear reactor 
operating at thousands of degrees 
to run a water heater to heat 
bath water to 30 degrees. About a 
third of the energy now used in the 
world provides low-temperature heat, 
which solar collectors can already 
achieve in many parts of the world, 
Hayes claims. Moreover, if the life- 
time fuels costs are properly counted in 
economic comparisons, he contends 
that solar heaters are already able to 
compefe with conventional fuels. 

Another promising renewable energy 
source is small hydroelectric plants 
„Which could easily be constructed to 
serve small villages. Evén in the United 
States, Hayes reckons, there may be a 
as many as 50,000 potential sites avail- 
able for hydropower plants as small as 
half a megawatt. There is also a large 
and relatively untapped source of 
energy from the production of 
methane from animal wastes, ethanol 
from fermenting plant wastes, and low- 
grade heat from biomass, Hayes sug- 
gests. A start has, however, been made 
on some of those technologies, parti- 
cularly in India and China which are 
operating a substantial number of 
methane plants, and Brazil and Aus- 
tralia, where fermentation plants run- 
ning on sugar cane and eucalyptus 
wastes are already in production. 

As for more sophisticated uses of 
solar energy, such as large-scale genera- 
tion of electricity, Hayes argues that 
although massfve solar generating 
plants would hold considerable environ- 
mental advantages over conventional 
and nuclear power stations, they would 
also carry some of the disadvantages 
of inefficiency and centralisation, “A 
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Recombinant DNA bill proposed 


THe Carter Administration last week 
finally proposed legislation to contra 
all recombinant DNA experiments 
in the United States, after some three 
weeks of discussions between the 
Secretary of Health, Education and 
Welfare (HEW) and officials from 
the National Institutes of Health 
(NIH) and the White House. 
Although the final version of the 
bill conforms closely to a draft ver- 
sion proposed last month by an inter- 
agency task force, it differs in one 
key respect: it would allow state and 
local governments to establish controls 
on the research which are more 
stringent than the federal regulations. 

The bill was formally introduced 
into the Senate last wegk , by 
Senator Edward Kennedy, Chairman 
of the Senate Health Subcommittee 
which will handle the legislation. 
Kennedy made “clear, however, that 
hee doesn’t necessarily agree with 
every word in the bill and in a state- 
ment he outlined a few reservations 
with the Administration’s approach. 

The bill would essentially require 
the Secretary, of HEW to establish 
regulations to control recombinant 
DNA research in both public and pri- 
vate institutions. He would be required 
to issue interim regulations within 90 
days and a final version within a year, 
after allowing suitable time for public 
comments and discussion. The interim 
regulations, at least, would probably 
be the guidelines issued last year by 
NIH. The bill would also reqpire 
that all facilities housing recombinant 
DNA experiments be licensed by 
HEW. 

There is also a provision in the 
bill which would empower HEW to 


sensible energy strategy demands more 
than the simple-minded substitution of 
sunlight for uranium,” he suggests. 
Photovoltaic cells, which convert sun- 
*light directly to electricity, have the 
advantage of providing a decentralised 
power source which could be used in 
tandem with other small-scale gen- 
erators such as windmills, Hayes notes, 
suggesting that photovoltaics “may 
offer the most exciting solar electric 
prospect”. 

Unfortunately, however, they also 
have a major disadvantage: their cost 
is at present prohibiéive. Nevertheless, 
Hayes is optimistic. He notes in his 
study that the cost of photovoltaic cells 
has dropped from $200,000 per peak 
kilowatt in 1959 to about $13,000 today. 
If the trend continues, and if it is 
helped by economies of scale, Hayes 
reckons that the cost may drop to as 


and demand generally perceived. by : 












send inspectors into laboratories the 
ensure that the regulations are being 
followed and violations could resul 
in a fine of $5,000 per day. P 
cularly serious and wilful flout 
the rules could also result in a pi 
term, the bill states. - 
As for the provision allowing ‘sti 
and local governments to set stri 
controls than the federal regulations, 
many scientists are now supporting | 
federal legislation on the grounds |: 
that uniform national regulations |) 
would be preferable to a patchwork | * 
of local controls of varying. string- | 
ency. The draft version of the Ad-. |. 
ministration’s bill would pave ac- | 
complished that by simply making 
the federal controls paramount, but | 
the final version would allow the 
States to add extra controls if they 
want to. According to Administration 
sources, the provision was changed so 





‘as not to throttle local debate over 


recombinant DNA but it also bows to : 
the political reality that a move to | = 
pre-empt state and local control 3 
would be unlikely to be passed by |” 
Congress, 

The focus of legislative activity} ® 
has now shifted to Senator Kennedy's |} 
Health subcommittee, which held a. 
public hearing last week. One pro- 
vision which Kennedy may add to the 
bill is a requirement that the National 
Commission for the Protection of 
Human Subjects of Biomedical and 
Behavioural Research, which. has. 
been looking into a variety of bio- 
medical issues for the past two years, 
be given the task of examining the 
long-term implications of genetic 
engineering. ee ee 
Colin Norman}. 
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low as $500 per kilowatt by 1985. 0 

If the transition to a solar era isnot = 
made during the next 50 years, Hayes 
argues, “the roadblocks will hav 
been political, not technical’: 
massive investments already made 
coal and nuclear technologies, Sn 
large gap between future energy supply- 










energy planners, the political roade- 
blocks ate formidable, however. Presi- 
dent Carters forthcoming energy 
policy, which is expected to be an- = 
nounced next week, is likely to provide = 
a boost to both coal and light water = 
reactors, though it is likely to pour 
some cold water on longer term nuclear 
plans. As for solar technologies. and 
other renewable resources, it is ex- 
pected to” provide nothing of the 
support, and certainly nothing of the 
magnitude which Hayes calls for. r 
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Gloomat thetop 


Details of Britain’s Science Budget, 
were disclosed last week. Chris Sher- 
well reports 





Ir THERE is despondency in Britain’s 
science community this week, no one 
should be surprised. There is gloom at 
the top. Details of the Science Budget 
given last week by the Advisory Board 
for the Research Councils (ABRC) 
covered allocations for the 1977-78 
financial year just begun and guidelines 
for the four additional years to 1981- 
82. The figures are much as expected 
(see table), but then sliding down a 
curve is no more comfortable for being 
warned of it in advance, particularly 
when (as now) the low point remains 
invisible. 

Outlining the trends, the ABRC 
chairman, Sir Frederick Stewart, said 
the 1977-78 Science Budget of nearly 
£249 million (1977 prices) represented 
a cut in real terms of more than 3%, 
on the 1976-77 budget. The govern- 
ment’s public expenditure White Paper 
published in February indicated a bud- 
get of £216 million for the year, but 
this was at 1976 prices. Both figures 
included an additional £6 million to 
cover the increased cost of post-gradu- 
ate tuition fees in 1977-78, and this too 
tended to make the trend less steady 
than it actually was. 

Discussing the guidelines, Sir 
Frederick drew on the White Paper’s 
own emphasis on the provisional 
character of figures for the years 1980- 
8I and 1981-82 in describing them as 
“very provisional”; they were intended 
to provide each of the councils with 
a broad basis for planning. The guide- 
lines did, however, represent a continu- 
ation of the protection of the “small 
and medium sciences” at the expense 
of high energy physics, astronomy and 
space. 

Thfis the Science Research Coun- 
cil (SRC) faces a 1.7% contraction 
annually, a cut which Sir Frederick 
said could amount to more than 20% 
over a five-year period with vexed 
problems like ‘salary creep’——the con- 
sequence of maintaining ageing re- 
search staffs on graded incremental 
salary scales. 

On the other hand, in line with the 
SRC’s and the ABRC’s previously an- 
nounced intentions, support for engin- 
eering is to grow substantially, and is 
in fact the only part of tht budget to 
show a marked increase. How much 
this increase will prove to be by the 
end of the period was uncertain, Sir 


Frederick said, but it “might amount 
to a 60% expansion”, The SRC chair- 
man, Sir Sam Edwards, stressed, how- 
ever, that even a modest effort in 
favour of engineering would represent 
a large increase on the support that it 
received before. He was also quick to 
dismiss suggestions that the perceived 
need to support work ‘relevant’ to the 
country’s industrial needs diluted the 
SRC’s task of supporting basic research: 
the SRC’s support for engineering, he 
insisted, was for basic research, just as 
it was in other fields. 

Sir Sam described the reductions in 
support for big science as‘more serious 
than the figures suggested. Much of the 
SRC’s expenditure went on interna- 
tional subscriptions, for example to 
CERN, and that meant that the effec- 
tive decline in support for domestic 
activity might be more than 50%, not 
20%. This, he said, would happen at a 
time when the pressure was on for 
Britain to participate fully rather than 
merely “tick over’; there were many 
projects which ought to be done 
“bigger, better and faster” than they 
were being done. 

The position on international sub- 
scriptions clearly remains precarious. 
The SRC has the money to pay them 
this year, Sir Sam said, but if the 
pound collapsed again, “I don’t know 
where we are’: the government had 
not given an open-ended commitment, 
ang no bailing out could be guaranteed 
if that again proved necessary. As for 
the SRC’s maintenance of a “minimum 
viable level of support” for big science 
—a concept outlined last year as the 
cuts really began to bite-—Sir Sam con- 
firmed that the big science community 
already believed that that level had 
been breached. The council’s view, he 
indicated, was that it was extremely 
difficult to judge precisely what that 


level was. 
o 


Like the guitelines, the allocations 
of the 1977-78 budget reflect the policy 
of redeployment away from big 
science, though as usual the lion’s share 
necessarily goes to SRC. Also 
given are figures for research commis- 
sioned by government departments 
under the Rothschild arrangements for 
applied research. 

For the Agricultural Research Coun- 
cil (ARC) intome from commissioned 
research, representing 55% of its total 
budget, will grow at 0.6%, but this will 
only contain the ‘salary creep’, The 
Medical Research Council (MRC) faces 
more of a problem. As part of the 
general cuts in government expenditure 
the Department of Mealth has at short 
notice cut by 10% its conamissioned 
research. The Natural Environment Re- 
search Council expects to have its funds 
maintained from the various depart- 
ments (Agriculture, Industry, Energy, 
Environment), but anticipates cuts in 
the future. Against all this, Sir 
Frederick said that he saw no evidence 
that the spending departments were 
taking their funds elsewhere, a possi- 
bility Rothschild originally foresaw. 

There is no doubt that the research 
councils face problems. Apart from 
the usual agonising difficulties of de- 
ciding priorities and, more notably, 
starting new projects, they agree that 
their main problem is nothing less than 
“keeping science alive” in Britain. In 
that they were echoing the views con- 
tained in the recent annual survey from 
the University Grants Cofmmittee 
(UGC), which with the research coun- 
cils constitutes the Dual Support Sys- 
tem for university research. `. 

“We are deeply concerned”, said 
the UGC, “about the deterioration 
of reseårch capabilities in the univer- 
sities . . . We will continue to watch 
the developing situation with anxiety”. 
Those words might well have been 
repeated last week by the research 
councils for the whole of Britain’s civil 
science effort. o 
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£ million’ 

1977--78 
ARC 20.4 
MRC 42.3 
NERC pA 
SRC 138.0 
SSRC d 14.6 
British Museum 
(Natural History) 4.2 
Royal Society 22 

Total 248.9 


Science Budget: Allocation and Guidelines 


% pa. 
1978-79 to 1981-82 


° Share 
8.2 1.9 
17.0 1.6 
10.9 2.5 
55.4 —1.7 
5.9 1.9 
1.7 s 0.0 
0.9 1.0 
100 
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1Figures are at 1977 prices. They exclude estimated receipts of £52.5 million from commissions 


from government departments (ARC £24,2 


million) 
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million; MRC £11.7 million; NERC £16.6 
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® Unsurprisingly, yet another view of 
the energy problem was heard at last 
week’s ‘Energy in the 80s’ conference 
organised by the Institute of Chemical 
Engineers in Middlesbrough. It came 
from L. G. Brookes of the UK 
Atomic Energy Authority (UKAEA) 
—speaking in his personal capacity, 
of course—and it was aimed at under- 
mining the ‘conventional’ view. 

¿o The conventionale view, said 

=- Brookes, argued that the OPEC oil 
-price rises have been a good thing, 
by inducing thtift and providing an 
incentive to develop other alternative 
energies, so that reduced demand and 
promotion of coal, nuclear power and 
alternative energies will close the 
energy, gap. According to Brookes, 
however, price rises are not the solu- 


tion to the problem: ‘they are 
themselves the problem”. 

His argument is simple. High 
energy prices have affected the 


economy adversely. That has hit the 
rate of growth of electricity demand, 
upon which the rate of nuclear power 
installation depends. That in turn has 
severely reduced the rate of sub- 
stitution of nuclear for fossil energy. 
“It follows”, says Brookes, “that a 
reduction in energy prices (or at the 
very least their stabilisation) [is] our 
number one energy policy objective”. 

Brookes’ leap of logic is based on 
his view that uranium, coal and 
Middle East oil are the only large 
sources of low cost fuel, that uranium, 
used in breeders, is a greater source 

‘than all others together, and that 
nuclear power is the cheapest, safest 
and cleanest way of producing elec- 
tricity. 

Those with problems accepting 
nuclear power will be quick to ques- 
“tion the thinking behind such argu- 
ments. But there will be others who 
will find some of Brookes’ additional 
conclusions controversial as well. For 
example: high oil prices have actually 
lowered “the level of economic high 
spirits necessary for major investment 
in new energy sources”, and her cur- 
rent “flirtation” with wave and solar 
power, which arises “to some extent 
from a misdiagnosis of the problem”, 
may do harm if it is seen as an alter- 
native to nuclear power. There is no 
reason to take it for granted, he adds, 
that the days of cheap energy are 
gone forever. 

The Department of Energy’s view 
is different, naturally, Last week it 
announced that the £1 million feas- 
ibility study of wave power it unveiled 
last year is to receive a boost follow- 
ing the encouraging developments 
experienced so far. Now a total of 


£2.5 million will be spent by October 
1978, with the extra money going 
mainly to larger-scale studies. ° 
@ Smokers in Britain who have felt 
under increasing pressure over the 
past couple of years will have noticed 
the recent period ,of fits and starts 
experienced by Britain's cigarette 
industry. Measures to reduce the 





health hazard from 
nounced at the beginning of last 
month included a strengthening of 


smoking an- 


the warning on packets, moves to 
extend public no-smoking areas and 
curb advertising, and the prospect of 
an end to high tar brands, 


Close pontrol of tobacco substitutes » 


and additives according to guidelines 
from the Independent Scientific Com- 
mittee on Smoking and Health (the 
Hunter Committee) was also sought, 
and at the end of the month the 
government gave the go-ahead” to 
part-substitute cigarettes, the first of 
which may be on sale in July, subject 
to agreement on long term health 
studies. The Hunter Committee said 
it had decided to raise no objection 
to the carefully controlled use of 
two cellulose-based substitutes, Cytrel, 
made by Celanese Corp., and New 
Smoking Material (NSM), made 
jointly by ICI and Imperial Tobacco. 
The cigarettes will be mixed with 
about 25% tobacco, will carry the 
government health warning and will 
be no cheaper. ° 

The price of cigarettes has since 
gone up, and the House of Commons 
Expenditure Committee on Preventive 
Medicine has recommended legisla- 
tion against advertising and advocated 
dearer prices still, stronger health 
warnings and more non-smoking 
accommodation. 


® The National Radiological Protec- 
tion Board (NRPB), which last month 
published a review of its recent work 
over the three years 1974-76 (The 


Wowk of the NRPB 1974-76, HMSO, 
£2), published a paper last week on 
the radiation exposure of the British 
population (Fallout in rainwater and 
airborne dust-levels in the UK fe 
1975, NRPB-R49, HMSO, 50 
Based on the analysis for issi 
products and plutonium isotope 
rainwater and airborne dust collect 
during 1975, the results show average 
depositions of Cs and “Sr in rain 
were less than 2% of peak values | 
recorded in 1963 following a period | 
of heavy weapons testing. Fallout i 
during 1975 will contribute another f: 
1% to the total dose people will {< 

receive. 

















®The departure of Frands Crick 
from Cambridge to the Salk Institute 
has directed widespread attention at 
academic salaries and the position 
of those who earn money abroad. So 
what are the circumstances of those 


-at the top of the ladder? 


Professors and their counterparts in 
MRC units are paid a minimum of 
£8,016 %n 1976-77. There is no upper - 
limit in universities, provided each 
university’s average salary does not 7 
exceed £9,489. The MRC’s Special A 
Appointments Grade tops out at | 
£10,200, though higher salaries are 
paid in respect of special service. 

Five years ago the minimum was 
£5,376 and the professorial average 
£6,528; the cost of living index has 
since risen by at least 75% %, while 
salaries have risen only 45% to 50%. 
Though everyone in this salary range 
has suffered substantial setbacks in- 
real income, university and research 
council employees have suffered more | 
than most. Many have been able to 
supplement their income by doing. 
short periods of work abroad. Until 
1974, this income was not taxed un- 
less brought info the country, but in | 
the past three years those who work f= 
abroad in a wholly separate job with |. 
duties entirely performed outside the . 
coon have been allowed only ca 
25% tax exemption of their earnings, 
regnedices of where the money iskept 

The recent UK Budget has liberak- 
ised the tax position for many who. 
work overseas under tax conditions 
less faveurable than this, but has not 
made any further concessions to the 
category which  includese visiting 
academics. The level of taxation on 
the 75% taxable will depend, of- 
course, on the total sums earned in- 
a year, but would typically run at a 
level from 45% if total taxable in- 
come in the year (including UK 
salary) was between £7,000 and £8,000, 
up to 83% for over £21,000. 
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Windscale inquiry dates * 
Mr Justice Parker, who was appointed 
along with two assessors fo conduct 
the inquiry into British Nuclear Fuels 
Ltd’s plans for an oxide fuel reprocess- 
ing plant at Windscale, is to conduct 
an informal preliminary meeting open 
to the public and press to discuss the 
programme and procedure for the 
inquiry. The aim of the meeting, on 
17 May in Whitehaven, Cumbria, is 
to allow all concerned parties to make 
representations on these matters ahead 
of the main inquiry, which opens on 14 
June also in Whitehaven. 


Them and us 


The difference in attitude towards 
foreigners between the general 
manager of R&D at ICI and the Chief 
Scientist at the Department of Industry 
(Dol) is that the former thinks of them 
as ‘us’ and the latter as ‘them’. Duncan 


MANKIND has always suffered from 
disasters. The archetypal catastrophe 
was the flood, described in the 
Hebrew scriptures and in various 
middle eastern legends. Only eight in- 
dividuals out of the whole human 
population were said to have sur- 
vived to repopulate the globe with 
their progeny and that of the other 
animals saved from drowning in 
Noah’s ark. Then in the second mil- 
lenium BC the Aegean island of 
Santorini exploded, burying its cities 
in debris, and causing a tidal wave 
which may have ended the Minoan 
civilisation in Crete. This view was 
held by the leading Greek archaeo- 
logist, Professor Spirodon Marinatos. 
Shortly before his death in 1975 I 
heard him speak of his studies and 
demonstrate his excavations on San- 
torini. With all the signs of disaster 
around him he communicated his 
enthusiasm even when addressing a 
largely English-speaking audience in 
Greek: almost the only words I actu- 
ally understood were kataaTpopy and 
KAT@KAGT HA. 

No one else was left to organise 
an expedition to help in Noah and 
his family’s rehabilitation, and the 
more ‘fortunate populations on the 
shores of the Mediterranean were not 
in a position to feed and house any 
survivors in Crete. Today, however, 
with improved communications, the 
rest of the world soon knows of 
disasters in remote corners of the 
globe: funds are raised and expedi- 
tions with food, medical supplies and 
means to jmprovise shelter are 
rapidly dispatched to try to reduce 
the misery of the victims. It is some- 


Davies, who made the transition from 
one to the other when he left ICI at 
the end of March, last week expressed 
his regrets at losing some of his former 
international involvement. Talking of 
British industry, he said that the 
‘entrance fee’ for innovations—the 
initial investment eto develop an idea 
into a marketable product—-had in- 
creased by several orders of magnitude 
over the past twenty years. To ensure 
that it is recovered, better planning 
was needed at the initial stages of a 
project. Highly trained scientists and 
engineers, he said, should also be 
trained to judge the potential of an 
idea in the marketing as well as the 
scientific world before committing 
industry to a large investment which 
it might otherwise lose. À 


e + 
RGO exhibition 
The Royal Greenwich Observatory at 


Herstmonceux has put together, out of 


times ironical to note that there may 
for generations have been chronic 
shortages of all the necessities, with 
thousands of preventable deaths each 
year, in these same areas, and that 











Publish or perish 


~~ 


KENNETH MELLANBY 





+ 
world opinion has remained unmoved 
until a spectacular flood or earth- 
quake has occurred. Then financial 
and material aid has poured in, mak- 
ing at least some of the population 
(perhaps the least deserving mem- 
bers) richer than ever before. 

Aid for the viétims of disasters has 
not always been appropriate in kind, 
nor has it always been administered 
efficiently. Various international agen- 
cies have built up a corpus of infor- 
mation, but this is not readily 
available to those wishing to help. 


its own resources, a’ small exhibition 
on the castle and its environment and 
the work done by the observatory. The 
castle already has numerous visitors to 
the Isaac Newton Telescope and to the 
spacious grounds; they will now be able 
to visit the exhibition as well. k 


Chemical hazards report 


A report published recently by the 
Chemical Indifstries Association’s Safety 
and Health Council (CISHEC) provides 
the industry with details of a technique 
to combat potential hazards in exjsting 
and new large-scale chemical processes. 
The technique, known as a Hazard 
and Operability Study, involves system- 
atic study of every part of the proposed 
process and spéculative consideration of 
the consequences of every possible 
deviation from the norm. Remedial 
action for every potential hazard is 
then nofed. (A Guide to Hazard and 
Operability Studies, CISHEC, £4.50.) 


For this reason the London Technical 
Group has launched a new quarterly 
Disasters. The International Journal 
of Disaster Studies and Practice, 
aimed at educating scientists and re- 
lief workers. It says it will describe 
both successful and unsuccessful ex- 
periments in disaster relief. 

The first number reports on 4a 
UNESCO conference on the assess- 
ment and mitigation of earthquake 
risk. There are articles on the drought 
in the Sahel and on emergency 
shelters. Various useful equipment is 
described. Perhaps the most interest- 
ing contribution is a letter based on 
experience of tlhe Skopje earthquake 
in 1963 in Yugoslavia, which shows 
how thee local population, with the 
materials already available, produced 
effective makeshift shelters long be- 
fore expensive and inferior emergency 
houses could be shipped from abroad. 
This is one instance of how aid can 
be misused due to the ignorance of 
the well meaning. If future issues can 
keep up this standard, the journal 
deserves to succeed. 

Our attitude to disasters, which 
we share with the insurance com- 
panies, has curious theological im- 
plications. A colleague, a member of 
his parochial church council, was 
active and successful in raising money 
to repair a mediaeval church whose 
roof suffered in the gales of January 
1976. At the end of the year, survey- 
ing the relatively favoyrable balance 
sheet, he informed his somewhat sur- 
prised rector that everything should 
be satisfactory for the next year or 
two, “unless we suffered from 
another act of God”. 
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Oklo today 


Sik,—It is obviously of great interest to 
trace the fate of the fission products 
from the natural nuclear reactor at the 
Oklo River, Gabon (17 March, page 
206), but if parallels are to be drawn 
with, present day reactors and radio- 
active wastes, then one further fact 
needs to be stressed, enarmely that 
today’s world is seething with complex 
living organisms? 1.810" years ago 
there were, in all probability, only 
comparatively simple organisms. 

Today’s organisms have very con- 
siderable powers of dispersal so that 
any radioactive chemical which enters 
one organism may be transported a 
considerable distance as it travels 
through the food chain; and higher 
organisms (mammals for example) are 
1,000 times more sensitive to radiation 
than are the simpler forms of life (such 
as bacteria) which might well have 
existed at Oklo. To argue that since 
we, as living organisms, survived Oklo 
we can also survive comparable 
releases of radioactivity today is danger- 
ously misleading. Of course life will 
survive the next few hundred years, but 
the question is at what cost to the 
particular forms of life that we con- 
sider fo be important such as our own 
species. 

MALCOLM EDMUNDS 

Biology Division, 
Preston Polytechnic, UK 


Scientists as administrators 


Sir,—Your issue of 27 January, 1977 
carries two articles which are comple- 
mentary. The first is abstracted from 
Sir Hermann .Bondi’s broadcast and 
points out the very lkmited movement 
of scientists to administrative posts in 
the Civil Service and in industry in 
general; the second, by Kenneth Mel- 
lanby, provides the apparent paradox 
by emphasising that, in war-time, aca- 
demics immediately turned to adminis- 
trative tasks with great success. 
Mellanby goes on to ask why academics 
do not do this now. 

In war, there was one clear objective 
--the enemy. The desired end was 
agreed by all, and a constant beacon 
to steer by. Not so now when national 
goals are confused and form the sub- 
ject of bitter political wrangling and 
power-seeking. Yet, if, for example, 
the intensive cultivation of the High- 
lands of Scotland was essential for 
national survival, I have not the slight- 


est doubt that the scientific ability 


needed to do this would flow as readily 
and effectively as it did to defeat the 
Nazis. 

Sir Hermann points out that scientists 
as administrators must be seen to be 
badly needed. Rightly or wrongly the 
scientist is still often made to feel a 
poor relation of the arts man in respect 
of administrative ability, though not in 
organisations such as Unilever and 
ICI whose effectiveness as innovators 
is remarkable. 

Thise will’ not be changed simply by 
altering the structures of escięnce 
courses, but by a positive effort to en- 
courage scientists to move to adminis- 
tration. I would like to see advertise- 
ments for administrators, stating that 
applicants with a scientific and techno- 
logical background are preferred, and 
would be given the appropriate training 
if needed. After all, professors of 
science and technology and the heads 
of departments in government scienti- 
fic institutes began life as rather shy, 
young scientists: most are now cap- 
able administrators and few would 
doubt their capacity for argument— 
written «nd spoken-—-sharpened and 
tempered as it is by the ceaseless battle 
with well-meaning but uncomprehend- 
ing, non-scientific administrators. 


P. J. HEALD 


+ 
Department of Biochemistry, The Todd 
Cenire, Glasgow 





Stamps of scientific interest 


The British Post Office marked the 
centenary of the Royal .Institute of 
Chemistry by issuing a set of four multi- 
coloured stamps last month, each featur- 
ing a Nobel prize-winning development. 
The two shown, at 84p and lip, com- 
memorate Professor Sir Derek Barton's 
work on conformational analysis and the 
development of partition chromatography 
by Professor A. J. P. Martin and 
R. L. M. Synge. They depict the central 
part of the chemical structure of a steroid 
against a background of pharmaceutical 
products and instruments; and a graph, 
showing the different amounts of sub- 
stances in a complex mixture separated 
by partition chromatography superim- 
posed on the kind of pattern produced 
by the technique when used on paper. 
The other two stamps, at 10p and 13p, 
commemorate the work of Sir Norman 
Haworth, which resulted in the first 
synthetic vitamin identical to that 
occurring in natural citrus fruits, and the 
work of Professors Sir William and Sir 
Lawrence Bragg, the father and son who 
developed crystallography. 





Australia last year issued a set of four 
I8c stamps featuring famous Australian 


Cutting out abbreviations | 


Sir,-—Adrian Smith's suggestion — "a0 
February, page 492) that abbreviated 
titles of periodicals be replaced by full 


and accurate citations, will have the — 
sympathy of authors, editors and secre- 


taries, This proposal has already. been _ 
tested in practice. The British Medical - 
Journal stopped abbreviating: titles. in 
April 1969. A working party set up in 
1968 by a Conference of Medical 
Editors! “strongly recommended all 
journals to follow suit: a majority of 
(medicdl) editors agreed to do so”. The 
working party also reported that with 
full citations “the increase in type 
area is maximally 2% and usually 
much less”. The editors of the British 


Medical Journal also reported that 
“the saving in editorial time is 
enormdus”’, 


When the effective use of public 
money on scientific research is increas- 
ingly coming under close scrutiny, any 
time spent by authors and indeed 
editors, themselves very often active in 
research, on such a mundane. and un- 
productive task must be seriously 
questioned. If any economies result 
from the present practice, they must 
only be reflected in the balance sheets 
of publishing companies. 

L. D. INCOLL 


Department of Plant Sciences, 
University of Leeds, 


UK 








scientists, three of whom ironically were 
born in England. Sir Thomas Laby (1880- 
1946) did much of his research on the 
possible uses of radium in combating 
cancer. Professor Griffith Taylor (1880- 
1963) joined the Commonwealth Weather 
Service in 1910 as a physiographer and 
then joined Scott’s Antarctic expedition. | 
The other stamps depict the ornitholo- J = 
gist John Gould (1804-81), regarded as { 
the father of Australian bird study, and } 















the anthropologist, Sir Baldwin Spencer Ss : r 
the etribal | 






(1860-1929), who studied 
customs of Australian aborigines. | 
lan F. Finlay 
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Transferable drug resistance in the gonococcus 


from J. R. Saunders 


GONORRHOEA is currently the most 
prevalent human communicable bac- 
terial disease. Despite the emergence 
of strains of the causative organism 
Neisseria gonorrhoeae {the gonococcus) 
with increasing resistance to penicillin, 
single high doses of this antibigtic have 
generally proved effective. The dis- 
covery last year of infections in Britain, 
the Far East and the USA which were 
refractory to this regimen has caused 
understandable alarm amongst clini- 
cians (see for example, Center for 
Disease Control Morbidity and Mor- 


tality Weekly Report 25, 261; 1976; 
Percival et al, Lancet ti, 1379; 
1976: Phillips Lancet ii, 656; 1976), 


and the current policy of treating 
gonorrhoea ‘blind’ with penicillin has 
therefore been questioned. The culprits 
for these recent outbreaks are highly 
penicillin-resistant gonococci produc- 
ing the TEM @-lactamase (penicil- 
linase). This enzyme is specified by the 
widely dispersed transposon A (TnA) 
and its acquisition by N. gonorrhoeae 
had been widely predicted. TnA is 
commonly located on R plasmids in the 
Enterobacteriaceae, Pseudomonas deru- 
ginosa and Haemophilus influenzae and 
it seems probable that gonococci have 
acquired it by contact with one of 
these organisms. 

Almost all gonococci so far studied 
contain a plasmid of about 2.5 Mdal 
which has no known function (see for 
example Mayer ef al. Infect. Immun. 
10, 1974; Palchaudhuri et al. Infect 
Immun. WW, 114; 1975). Some gonococ- 
cal stfains contain an additional plasmid 
of about 25 Mdal (Stiffler et al. J. Bact. 
122, 1293: 1975). But so far all known 
antibiotic resistances in N. gonorrhoeae 
have been shown to be determined by 
chromosomal genes. Two groups work- 
ing independently, Roberts and Falkow 
(this issue of Nature, page 630) and 
BL Eisenstein et al. {Science 195, 998; 
1977) now show that at Jeast two 
species of @-lactamase plasmid exist in 
gonococci, one, from Far East strains, 
of about 4.4 Mdal, and „one, from 
British strains, of about 3.2 Mdal, in 
addition to the resident cryptic plas- 
mids. The origin of these resistance 


plasmids is not yet clear. They may 
have been received in entirety from 
other Gram negative bacteria, in par- 
ticular from H. influenzae, which con- 
tains similar B-lactamase plasmids (de 
Graaf et al. J. Bact. 126, 439; 1976). 
Aléerratively they may have arisen by 
transposition of TnA to resident gono- 
coccal plasmids. The ‘donors’ of TnA 
in this case could have been R plasmids 
which are capable of entering but not 
subsequently maintaining themselves in 
N. gonorrhoeae. Whatever mechanism 
is involved, the different plasmid com- 
plements of the British and Far East 
strains suggest that the TEM #-lacta- 
mase gene has been acquired by N. 
gonorrhoeae on at least two separate 
occasions. The 4.4 Mdal f-lactamase 
plasmid is widely distributed amongst 
gonococcal strains known to be dif- 
ferent on the basis of their nutritional 
requirements (auxotypes). This implies 
that considerable interstrain transfer 
has occurred. It is well known that 
chromosomal antibiotic resistance 
markers can be transferred between 
gonococci by transformation, which 1s 
the only mechanism of genetic ex- 
change so far reported in N. gonor- 
rhoeae. However, Roberts and Falkow 
have found that covalently closed 
circular DNA of either type of £- 
lactamase plasmid cannot transform 
N. gonorrhoeae. This indicates that 
transformation plays no significant part 
in the dissemination between strains of 
the £-lactamase plasmids. ° 
Roberts and Falkow, and Eisenstein 
et al. have now shown that the 4.4 
Mdal B-lactamase plasmid can be trans- 
ferred by conjugation to other gono- 
cocci, to Neisseria flava and to Escher- 
ichia coli. This plasmid is, however, 
too small to encode sex factor activity 
itself and only those strains which also 
carry the 25 Mdal cryptic plasmid can 
act as donors. THt B-lactamase produc- 
ing strains isolated in the UK, which 
all lack this larger plasmid, cannot 
therefore donate penicillin resistance to 
other bacteria. The 25 Mdal plasmid 
is thus apparently acting as a gono- 
coccal sex factor and it is of interest 
that this plasmid has not yet been 


+ 


found in recipient bacteria which, have 
acquired the -lactamase plasmid from 
donor straims. This suggests that co- 
valent linkage between the two plas- 
mids is not necessary for transfer but 
it is not yet clear whether the gono- 
coccal sex factor is totally incapable of 
transferring itself to other bacteria. 
However, similar mobilisation of non- 
self-transmissible plasmids by transfer 
factors is well documented in the 
Enterobacteriaceae. It will be of great 
interest to determine the molecular and 
genetic properties of this sex factor and 
whether it is of gonococcal origin. 

The discovery of sex factor activity 
in the gonococcus has serious clinical 
and epidemiological implications. First, 
it increases the probability that more 
strains of N, gonorrhoeae will acquire 
genes for resistance to penicillins and 
other drugs. It also makes more likely 
the transfer of resistance genes to a 
close relative of the gonococcus, N. 
meningitidis, the causative agent of 
epidemic meningitis. Meningitis is more 
likely to be fatal than gonorrhoea and 
the situation is complicated by the fact 
that N. meningitidis is carried without 
ill effect in the throats of many healthy 
individuals. Transfer of -lactamase 
genes to this organism could octur 
either directly from N. gonorrhoeae, 
from enteric bacteria, or from H. influ- 
enzae, also a common inhabitant of 
human throats and which can cause 
disease. Furthermore, H. influenzae has 
in recent years acquired both the TEM 
B-lactamase and the ability to conju- 
gate. In contrast, however, the gono- 
coccal sex factor could benefit research 
workers by providing a means of 
genetic transfer in addition to trans- 
formation for analysing the genetic 
determinants of pathogenicity in N. 
gonorrhoeae. 

There is obviously a certain irony in 
the possession of sexuality by N. gonor- 
rhoeae. If the gonocpccal sex factor 
determines the synthesis of sex pili, 
these should provide adsorption sites on 
donor cells for male-specific bacterio- 
phages. The possession by gonococci of 
their own venereal pathogens would 
indeed be divine justice. E 
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New Uranian satellite belt 


from David W. Hughes 


On 10 March at about 21.00 universal 
time the planet Uranus passed across 
the star SAO 158687 in the constella- 
tidn of Libra. Reports of this oc- 
cultation have caused considerable 
excitement because not only was the 
star occulted by the planet but it was 
also occulted by a sefies of much 
smaller satellite objects that seem to 
be in an equatogial belt around the 
planet. 

The occultation was first predicted 
by Gordon Taylor of the Royal Green- 
wich Observatory (J. Br. astr. Assoc. 
83, 352; 1973). No useful observations 
of an Uranian occulation had been 
made before and even for this one the 
occultation would only be visible from 
a small area of the Earth. Also 
Uranus would be about 40 times 
brighter than SAO 158687 which has a 
photographic magnitude of +10, so 
Taylor predicted that the observations 
would be extremely difficult and would 
need complex photoelectric equipment. 

Occultation observations are im- 
portant because they can provide data 
as to the size of the planet, its limb 
darkening and the extent and com- 
position of its atmosphere. They also 
provide an accurate spot measurement 
of the planet’s position which is ex- 
tremely important when it comes to 
using celestial mechanics to calculate 
planetary perturbations. 

The?’ positions of Uranus, given in 
the Astronomical Ephemeris, and of 
the star SAO 158687, given in the 
„Smithsonian catalogue, were care- 
fully checked in Janvary 1977 using 
photographic plates obtained with the 
155-cm astrometric reflector at Flag- 
stéff, Arizona. Franz, Wasserman, 
Seidelmann, Van Flandern and Mars- 
den (TAU Circ. 3038/40) reported that 
the position of the star had to be cor- 
rected by +1.15 arcs in declination. 
Transit circle observations of Uranus 
indicated that its declination should 
also be corrected by —0.22 arcs. This 
meant that the occultation would not 
be visible everywhere that Uranus was 
above the horizon, but would only be 
seen in an area whose northern limit 
extended from equatorial Africa, 
across the Indian Ocean, somewhat 
north of Perth, Western Australia and 
then into daylight. There was an un- 
certainty of about + 2,500km in this 
northern limit caused by the un- 
certainty in theepositions of the planet 
and star and an additional uncertainty 
of about 1,500 km due to the fact that 
the exact radius of Uranus is not 
known. Occultation would occur near 
2ih OOminur and the duration 
would increase as one moved south. 
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Fig. 1 A schematic diagram of Uranus and its newly discovered satellite belts at 
mid-occultation on 10 March, 1977. Miranda and Aeriel are the two innermost 


satellites, SAO 158687, the occulted star, is a 10th magnitude, K5 spectral 


type 


star in Libra. The equator of Uranus, the satellite belt and the orbital planes of 
Aeriel, Umbriel, Titania, Oberon and Miranda are all inclined at about 98° to the 
: ecliptic plane of the Solar System. 


On 10 March heavy rain prevented 
observations in the vicinity of Johan- 
nesburg; however astronomers on board 
the Gerald P. Kuiper Airborne Obser- 
vatory flying across the southern Indian 
Ocean about 1,000 miles East of 
Kerguelen Island (long. 90E, lat. 50S) 
were more fortunate. The occultation 
lasted for about 25min around 
2i h O6minuT. Dunham, Elliot and 
Mink, the Cornell University astrono- 
mers on the plane also, to their sur- 
prise, saw a series of secondary 
occultations that took place during an 
8-9 min interval around 20h 16min 
eur and during a similar interval 
around 21h 50min. Bhattacharyya 
and Kuppuswamy (Indian Institute of 
Astrophysics) using the 102-cm ere- 
flector at Kavalur, Madras saw the 
secondary occultation start at 20h 
19min Sis and last for 8-9s (they 
also observed that the star faded by 
0.046 magnitude when it went behind 
the atmosphere of Uranus). Millis, 
Birch and Trout at the Perth Observa- 
tory, Western Australia saw the earlier 
of the two secondary occultations. All 
the groups independently concluded 
that these occultations were caused by 
satellites that are apparently part of a 
belt about 48,000 km from the centre 
of Uranus. This belt is shown sche- 
matically in Fig. 1. As Uranus travels 
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along its orbit the Jeft hand portion of 
the belt occults the star first then the 
planet occultation occurs. Finally. the 
right hand belt occults. 

Brian Marsden (Smithsonian Astro- 
physical Observatory) has used the 
times of occultation to compute the 
following details (JAU Circ. 3048, 
3051). The belt is circular, in the plane 
of Uranus’ equator, about 12,000 km 
wide and extends between 42,200 and 
54,300 km from the centre of Uranus. 

The fact that the times of the in- 
dividual secondary occultations | are 
remarkably symmetrical with respect. 
to the Uranian occultation suggests: 


that the occulting material is confined 


to specific narrow rings in the belt. 
The Kavalur observation seems to 
have been caused by a 100km sized 
satellite near the outer edge of the belt. 

Elliote of the Centre for Radio- 
physics and Space Research, Cornell 
University, is continuing the detailed 
study of the occultation records. It 
might also be possible to observe the 
belts directly, although a very large 
telescope will be required as the 
brightest satellite is expected to have 
a magnitude of about 19. At the 
present opposition of Uranus the belts 
are between 3.5 and 4.0arcs to the 
north and south of the planet and 2.7 
to 3.l arcs to the east and west. 0O 
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from Andrew Johnston 


A conference entitled Genetic 
Engineering for Nitrogen Fixation, 
organised by Dr A. Hollaender, was 


held at Brookhaven National Labor- 
atories, Upton, New York, on 13- 
17 March, 1977. 


THE current interest in biological nitro- 
gen fixation reflects the desire that an 
increased amount of the fixed N in 
crops should come from this source 
rather than from  energy-expensive 
fertiliser. The aim of this meeting was 
to see whether such a goal might be 
achieved by genetic techniques. Most 
reports dealt with the status of current 
research in different aspects of nitro- 
gen fixation, but attention was given 
to systems whose development might 
conceivably lead to an extension of 
the range of nitrogen-fixing organisms. 

D. Helinski (University of Califor- 
nia, San Diego) reviewed the method- 
ology and uses of DNA cloning. He 
made the point that to date only the 
P-group R plasmids can be transferred 
to many bacteria of agronomic 
importance. However, their promis- 
cuity and relatively large size make 
them unsuitable as cloning vehicles and 
he described methods by which the 
ability to replicate in a wide range of 
bacteria might be transferred to more 
appropriate vehicles. 

Detailed mapping of nitrogen fixation 
(nif) genes has been caried out only in 
Kiebsiella pneumoniae. C. Kennedy 
(ARC Unit of Nitrogen Fixation, 
Sussex) showed by transduction that 
nif genes fall into two closely linked 
clusters separated by a ‘silent’ region. 
Complementation tests have defined a 
new nif gene (nifL) which has the 
attributes of a controlling gene since 
the mutant is partially dominant and 
synthesises no nitrogenase components. 
E. Ausubel (Harvard University) re- 
ported that the nif cluster proximal to 
hisD could be cloned on the plasmid 
pMB® 
= Turning to the genetics of other 
nitrogen-fixing bacteria A. Johnston 
(John Innes Institute, | Norwich) 
demonstrated that the R ° plasmid 
R68.45 could promote chromosomal 
recombination in Rhizobium species and 
that stable recombinants could be 
formed in crosses between species. A 
single circular chromosome for R. 
leguminosarum was reported. In Azo- 
tobacter vinelandii many nif mutants 
have been characterised biochemically, 
but genetic analysis has been lacking. 
W. Brill (University of Wisconsin, 
Madison) reported that nif genes in 
these species could be transferred by 
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transformation, but in cosftrast to K. 
pneumoniae they „were not closely 
linked. More suprising was the fact 
that nif* transformants were obtained 
with DNA obtained from Rhizobium. 

There have been several reports 
that plant lectins may determine the 
specificity of interactions between 
Rhizobium and legumes. D. Bauer (C. 
Kettering, Yellow Springs) showed that 
not all strains of R. japonicum bind the 
lectins of its host, the soybean. Those 
that did not could however, be induced 
to do so by whole soybean roots. This 
observation may resolve some of the 
discrepancies in the literature in 
which binding of lectins to some in- 
fective strains of Rhizobium has not 
been observed. 

The symbiosis between Azolla and 
Anabaena has been used as a source 
of fixed nitrogen in Asian rice pagdies 
for centuries. B. Rains (University of 
California, Davis) demonstrated that 
ail equivalent of 90kgha™' yr’ may 
be contributed by this symbiosis. It is 
not possible however to cultivate the 
blue-green alga outside the plant so 
the goal of breeding for increased 
levels of fixation remains a distant one. 

The role of Spirillum as a significant 
contributor of fixed nitrogep remains 
enigmatic, Although it was shown by 
J. Dobereiner (Embrapa, Brazil) to get 
into maize roots, it appears to con- 
tribute little to the nitrogen input of 
this plant though it may do so with 
some tropical grasses and wheat 
varieties. 

The supply of energy to nitrogen- 
fixing systems was considered by 
several speakers to be a major limita- 
tion to increasing levels of fixation. 
R. Valentine (University of California, 
Davis) estimated that in the ‘artificial 
nodule’ in which NH,*-excreting 
strains of K. pneumoniae were grown, 
about 20 molecules of ATP are 
required for every molecule of nitro» 
gen fixed, although this ratio varied 


depending on environmental factors. 


Inwariably H; is liberated during the 
reduction of Ne, but some of this 
energy loss may be recouped if a 
hydrogenase is present. H. Evans 
(Oregon State University, Corvallis) 
discussed the importance of this re- 
action in root nodules and pointed out 
that a particularly effective strain of 
R. japonicum has hydrogenase activity. 

If nif genes are to be introduced into 
new hosts suitable vectors must first be 
obtained. Evidence that DNA from the 
crown-gall bacterium Agrobacterium 
tumefaciens does in fact integrate into 
plant DNA was given by E. Nester 
(University of Washington, Seattle). 
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DNA isolated frém crown-gall tissue 
specifically hybgidised with one parti- 
cular fragment derived from Smal 
digestion of the large tumour-inducing 
(Ti) plasmid of A. tumefaciens. This 
integrated plasmid is present in about 
20 copies per plant cell and is trans- 
cribed in crown gall tissue, since RNA 
from this source hybridises specifically 
with it. These results were comple- 
mented by those of D. Schell (Univer- 
sity of Ghent}, who found that in some 
cases Ti plasmids contain large hairpin 
loops characteristic of some translo- 
cating sequences. Ine strain which had 
lost both the ability to degrade ‘octo- 
pene and to induce tumours one of the 
loops (length 40 um) was missing. 

The use of plant yiruses as possible 
vectors was discussed by R. Meagher 
(University of Georgia, Athens), He 
showed that when the DNA of cauli- 
flower mosaic virus was cloned in E. 
coli extra proteins were synthesised, 
but that none corresponded to normal 
virus proteins, which confirms the 
difficulties of obtaining accurate trans- 
cription and translation of eukaryote 
DNA in prokaryotes. 

However, it was emphasised at the 
meeting that the most promising 
strategy for improving the economic 
contribution of biological nitrogen 
fixation to agriculture probably lies in 
the development of better types of 
already existing nitrogen fixation 
systems. 

The conference also considered some 
of the legal, ethical and environmental 
implications of the scientific scontri- 
butions. These discussions were strongly 
influenced by the present concern in 
the United States about the potential 
hazards of recombinant DNA research. 
This meant that while there was a 
general consensus of opinion that pro- 
duction of more efficient nitrogen- 
fixing plants and bacteria was desirable, 
a number of people were concerned 
about the possible environmental 
impact of such organisms even if they 
were formed by classical methods of 
gene transfer. 


Positronium spin 
conversion 


from P. W. Atkins 


A TECHNIQUE which can detect minute 
concentrations of triplet states of mole- 
cules in gases at normal pressures May 
have important applications in detect- 
ing small concentrations of some air 
pollutants. The technique depends on 
positronium spin conversion, a new 
development of the well-known inter- 
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conversion of ortho and para hydrogen. 

The interconversion of ortho and 
para hydrogen by paramagnetic species 
has been known, studied and under- 
stood for some time. The effect depends 
on the two nuclei responding to the 
magnetic field of the paramagnetic 
molecule; in a collision one of the 
protons is closer to the unpaired spin 
than the other, and so its magnetic 
moment, and therefore its spin orient- 
ation, is changed by a greater amount. 
This relative reorientation of the two 
proton spins switches an ortho mole- 
cule (where the two nuclear spins are 
parallel) into a para molecule (where 
the nuclear spins are in opposition). 
The rate of interconversidn is not fast 
because it depends on the interaction 
of the field of the paramagnetic species 
with thè two nuclear magnetic 
moments, and these are very small. If 
the magnetic moments were of the 
size typical of electron magnetic 
moments (about 2,000 times larger than 
nuclear moments), or if the ortho and 
para molecules could combine in some 
way with the radical and by so doing 
change their spin angular momentum 
by sharing it with the paramagnetic 
species, the rate of ortho—para conver- 
sion would be very much greater. 

In a recent letter W. Brandt and D. 
Spektor (Phys. Rev. Lett. 38, 595: 
1977) have, in fact, taken the step which 
leads to a rapid interconversion rate. 
They have done this by replacing the 
hydrogen molecules, with their weak 
nuclear moments, by positronium, and 
studying the rate of interconversion of 
para positronium (e` and e* spins in 
opposition) and ortho positronium (e` 
and e* spins parallel). The magnetic 
emoments of e` and e* are both of the 
order of a Bohr magneton, and so the 
(e",e") species can act as a sensitive 
probe for the existence of paramagnetic 
species in the gas phase (as well as in 
solids, as had been found previously). 
Alternatively, the positronium can at- 
tach to a paramagnetic species, and by 
a redistribution of spin angular momen- 
tum, switch from ortho and para while 
the species switches from triplet to 
singlet. In these ways positronium inter- 
conversion can detect free radicals and, 
as the authors show, respond to the 
presence of photo-excited triplet mole- 
cules in the gas phase. 

The experiment is basically the 
observation of the quenching of 
scintillations from positronium in the 
presence of the impurity of interest 
(SO, or benzaldehyde for example). 
The positron source was a 5 uCi™Na 
sample at one end of a 25-cm cylinder 
of diameter 10cm, with an ultraviolet 
source at the other. Two detectors 
monitored the scintillations: one was 
placed behind the *Na source, and the 
other next to the chamber wall. The 


standard coincidence counting tech- 
niques were used to monitor the delayed 
coincidences between the 1.28 MeV y 
ray from the source (which accom; 
panies positron emission) and one of 
the 0.511 MeV y rays from the anni- 
hilation of a positton by an electron. 
The experiment is repeated with and 
without ultraviolet illumination and 
coincidences for times greater than 
about 30 ns were stored. This choice 
of time delay eliminates positron 
annihilation from all states other than 
ortho positronium. 

The role of the paramagnetic species 
(such as a photo-excited triplet state 
of benzaldehyde) is to convert the long- 
lived ortho positronium into para posi- 
tronium, which annihilates rapidly. The 
authors examined argon, nitrogen, and 
air at atmospheric pressure with trace 
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impurities, and found that the cross 
sections for quenching are very large, 
of the order of 1.5X10°’% cm? for 
benzaldehyde and 0.9x10°’ cm’ for 
SO:. These values are of the order of 
10° 7 a’, where a is the Bohr radius, 
and indicate interaction ranges of the 
order of 50 A. They appear to increase 
as VT in the range 300-400 K. = 
The importance of the effect is its 
sensitivity, on account of its large 
cross section, to very small concen- 
trations of photomagnetic trace impuri- 
ties in air; triplet concentrations as low 
as 107° can be detected at atmospheric 
pressures. The authors speculate that 
their work will have implications for ” 
research on gas pollution, in particular 
on HSO, formation by the photo- 
chemical oxidation of SO, to,SO; in the 
atmosphere. (J 
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Molecular human cytogenetics 


® 
from Susumu Ohno 





One of the 6th series of annual ICN- 
UCLA symposia, entitled Molecular 
Human Cytogenetics, organised by 
R. S. Sparks and D. Comings, was 
held at Keystone, Colorado on 6-11 
March, 1977. 





THE meeting appropriately began with 
excellent reviews by D. E., Olins (Oak 
Ridge National Laboratory) on nucleo- 
somes and by E. H. Davidson (CalTech) 
on DNA sequence organisations A 
progress report by Davidson indicated 
that some of the short interspersed 
repetitious sequences, each a few 
hundred nucleotide pairs long, may 
actually represent the promoter or 
operator site for an adjacent unique 
DNA sequence. If RNA polymerase II 
can be modified by a cell type specific 
modifier subunit, the polymerase, so 
modified, can selectively transcribe a 
specific group of structural genes 
capped by the similar promoter sites. 
Thus, this particular class of repetitious 
sequences is at last gaining functional 
respectability. 

Regardless of whether the func- 
tional subunit of nucleosomes is a 
histone dimer rather than a tetramer 
(R. Chalkey, University of Towa), a 
nucleosome itself unquestionably con- 
sists of two histone tetramers that 
assure the equimolar*representation by 
H2A, H2B, H3 and H4. 160 DNA base 
pairs may make one or two loops 
around a nucleosome. The distance 
between adjacent nucleosomes, how- 
ever, may be variable. As a rule, it was 
thought to be represented by 60 ex- 
posed base pairs (Olins), but V. Allfrey 


(Rockefeller University, New York) 
remarked that in the rat liver, there are 
170 exposed DNA base pairs between 
nucleosomes. In view of a proposed 
flip flop mechanism involving histone 
tetramers of neighbouring nucleosomes, 
this uncertainty about internucleo- 
some distance is annoying to say the 
least. What was in everybody’s mind 
was the fate of nucleosomes during 
active transcription and replication of 
DNA. 

With  characteristically beautiful 
photomicrographs, S. L. McKnight 
(Columbia University, New York), 
from Oscar Miller’s laboratory, seems 
to have shown that a stretch of DNA, 
being actively transcribed as evidenced 
by the presence of RNA polymerase 
molecules and | growing transcripts, 
seems to be associated with as many 
nucleosomes as that representing an 
adjacent spacer sequence. Allfrey, how- 
ever, was of the opinion that an actively 
transcribing ribosomal RNA gene of 
the slime mould, Physarum poly- 
cephalum, is either not associated with 
nucleosomes or those nucleosomes that 
maintain the association are highly 
modified, by acetylation of histones 
perhaps.e The latter possibility was, of 
course, not ruled out by McKnight. 
With a rather indirect but clever 
method applied to HeLa cells, R. L. 
Seale (University of Colorada Medical 
Center, Denver) presented good evi- 
dence that, during DNA replication, 
one-half of a replication fork (therefore 
two-quarters of a replication loop) still 
maintains nucleosomes. The apparent 
omnipresence of nucleosomes forces us 
to modify much of our thinking as 
was evident in J. Cleaver’s (University 
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of California School of Medicine, San 
Francisco) discussion of DNA repair 
enzymes. 

From a string of beads, visible under 
the electron microscope, to a chromo- 
some as seen under the light micro- 
scope, needs a great deap of the imag- 
ination. H1, which has a hydrophobic 
globular core and the very basic amino, 
as well as carboxyl, terminus is a good 
candidate for maintaining higher order 
helical packing of the string of beads 
by bridging nucleosomes at a certain 
interval. According to D. Cole (Uni- 
versity of California, Berkeley) H5 
(found in vertebrates with nucleated 
erythrocytes) as well as some of the 
so-called HMG proteins of I. Isenberg, 
can be considered as allies of H1. 
Furthermore, he has shown that each 
mammaliah species generates not one, 
“but several organ-specific species of H1. 
Data from sea urchin indicates that 
the basic histone genetic unit contains 
one each of the HI, H2A, H2B, 
H3 and H4 genes. Cole’s findings 
and the similar finding by Isenberg 
(Oregon State University) for H2A 
indicates that the genome of higher 
vertebrates contains not orfe but 
several genetic units for histones 
that are the same with regard to 
the H4 gene but different with regard 
to Hi genes and to a lesser extent H2A 
genes. In this connection, an apparent 
paradox is noted with great interest. 
Using H4 message purified from HeLa 
cells, W. Prensky (Tufts University, 
Boston) reported that the number of 
histone gene copies in the human 
genome is only of the order of tens 
rather than hundreds and is localised 
on the short arm of chromosome 7 near 
its centromere. By contrast not only 
with sea urchins and frogs but also with 
the cat, the human genome apparently 
contains fewer copies of each of the 
multigene families. This is true for 
the 5S RNA genes (found on the long 
arm of chromosome 1f and also of the 
18S and 28S RNA genes (distributed 
among five pairs of acrocentrics— 
chromosomes 15, 16, 17, 21 and 22). 

I wonder if humans owe their extra- 
ordinary longevity to the fact that they 
possess so few copies of these genes. 
It seems to me that having too many 
copies of a functionally ubiquitous 
gene is a curse rather than a blessing 
to somatic cells. Mutations which alter 
function (suppressor-type mutations of 
RNA genes, for example) sustained by 
a few copies out of hundreds or 
thousands are not likely to be particu- 
larly deleterious, and so may accumu- 
late, resulting in more and more 
mistranslations and mistranscriptions 
leading finally to the general deteriora- 
tion so characteristic of jhe ageing 
process, With fewer gene copies, 
mutated cells will be eliminated more 
efficiency thus delaying ageing. 
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Of winged beans and Wom Poms . 


from Robert M. May 
+ 


ADMIRERS of Michael Flanders and 
Donald Swann will recall their hymn 
to the fabulous Wom Pom plant (Angel 
Record 35797): “You can do such a 
lot with a Wom Pom / You can use 
every part of it too... The flesh in 
the heart of a Wom Pom / Has the 
flavour of porterhouse steak / And the 
juice is a liquor / That will get you 
higher quicker . . . Gaudeamus Wom 
Pom, gladly we salute / Vade mecum 
Wom Pom, philanthropic fruit.” 
Nature’s closest approximation to 
the Wom Pom may well be the little- 
known tropical legume, Psophocarpus 
tetragonolobus or winged bean. In its 
study of underexploited tropical plants 
with promising economic value (see 
Nature 265, 209; 1977), a panel of the 
US National Academy of Sciences 
under the direction of Noel Vietmeyer 
decided that the exceptional merits of 
the winged bean deserved a sep&rate 
and deeper examination. The fruits of 
that work are set out in The Winged 
Bean: A High-Protein Crop for the 
Tropics (NAS, Washington DC, 1975). 
Today the winged bean is grown 
only as a backyard crop in Papua New 
Guinea and Southeast Asia. These 
regions are, however, typical of the 
humid tropical zone that includes large 
parts of Central and Southe America, 
the Caribbean, Africa, Oceania, and 
West Asia, where protein deficiency is 
high and the plant is still unknown; 
not many edible crops with such high 
projein content will grow in these 
regions. Unlike the soybean (where 
only the seeds are used), all parts of 
the winged bean can be eaten: tubers, 
seeds, leaves, flowers, and shoots. 
The immature pods are highly 
palatable, and can be eaten raw. The 
seeds are similar in composition to 
soybeans, averaging 34% protein (by 
dry weight) and 17% oil. The seeds 
give an edible oil, with a good propor- 
tion of polyunsaturated essential fatty 


How a chromosome or rather a 
chgomatid manages to pack 10° or 
more DNA base pairs into itself is a 
mystery still unresolved. After listening 
to discussions of sister chromatid 
exchanges by S. Latt (Children’s 
Hospital Medical Center, Boston) and 
S. Wolff (University of California 
Medical Center) and of meiotic segre- 
gation by M. Moses (Duke University 
School of Medicine), one cannot help 
but marvel at the ease with which two 
sister DNA strands manage to sort 
themselves out without too much un- 
winding. All the tortuous models pro- 
posed so far are likely to be well off 
target. To discuss the mechanism of Q 


acids. The tuberous roots are slightly 
sweet, and contain 20% protein (by 
dry weight). This is spectacularly 
higher than the protein content in 
other edible roots and tubers such ds 
cassava (1%), potatoes (2%), sweet 
potatoes (2%), or yams (2%). 

Like other leguminous plants, the 
winged bean fixes atmospheric nitrogen 
by bacteria in nodules on the roots. 
Compared with other ¢dible legumes, P. 
tetragonolobus appears to have maore 
and larger nodules on its extensive 
root system, Which may account for 
the plant’s exceptional protein con- 
tent. These factors afte also probably 
responsible for the plant’s ability to 
grow well in tropical soils poor in 
nitrogen, and in newly cleared soils 
(without the inoculation with appro- 
priate soil bacteria demanded by many 
other tropical legumes). It can also be 
used in crop rotations to restore soil 
nitrogen. 

Little is known about the varieties of 
P. tetragonolobus. Those currently cul- 
tivated require staking to produce high 
yields of pods and seeds. The NAS 
report acknowledges that this method 
of agriculture is impractical and un- 
economical for mass cropping, and 
that not all winged bean pods mature 
at the same time, so that the plant is 
not likely to rival the soybean as a 
large-scale commercial product in the 
near future. “Its potential is as a sub- 
sistance crop or as a cash crop for 
small markets. For these purposes, the 
fact that it produces food during many 
months is an advantage, and staking is 
not a serious handicap”. 

One of the long term benefits that 
may well’ come from research on in 
vitro recombinant DNA is better crops, 
genetically engineered to our require- 
ments. In the short run, however, we 
could make better use of what nature 
has provided, particularly in the 
tropics. 


SONSONS OANA 


and G-banding and of R-banding with- 


out knowing the packing method the 
chromosome uses is likely to be futile. 
Although D. Comings (City of Hope 
Medical Center) pointed out that a 5% 
difference in GC/AT ratio may make 
a 50% difference in fluorescence 
intensity, the fact that anti-single base 
antibodies (O. J. Miller) as well as 
G-C specific antibodies (J. H. Van de 
Sande), can also bang chromosomes, 
seems to indicate that what matters 
is not the base composition of a whole 
long stretch but short stretches here 
and there that occupy exposed or 
accessible positions on the chromo- 
some. I have amused myself with the 
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thought that a solitary human chromo- 
some left in man—mouse somatic 
hybrids still exhibits fts own charac- 
teristic banding pattern, although its 
chromosomal proteins by then are 
likely to be entirely of mouse origin. 

Because of strenuous afternoon 
exercise on skis and skates and social 
evenings not many people attended the 
last session, on evolution, which I 
thought the best. Of man’s relation to 
the great apes, both A. Wilson 
(University of California, Berkeley) 
and P. Pearson (University of Leiden) 
pointed out that the genetic distance 
between the chimyfanzee and the gorilla 
is considerably greater than that 
between man and the chimpanzee. The 
tendency of certain autosomes to be 
extremely conserwed was noted both 
in primajes (Pearson)* and Equidae 
(O. A. Ryder). Even rhesus monkeys 
seem to maintain a homologue of 
human chromosome 1. Whether such 
an apparent chromosomal conservation 
correlates well with the conservation 
of its individual genes, as is the case 
with the mammalian X, is an evolu- 
tionary question of utmost interest. As 
no functional significance can be 
assigned to highly repetitious DNA 
base sequences (so-called satellite 
DNA), their evolutionary role cannot 
be conjectured. Nevertheless, they 
have a peculiar habit of jumping 
around, ignoring the pair-by-pair homo- 
logy of diploid organisms, the human 
Y-specific repetitious sequences being 
an exception (L. M. Kunkel, Johns 
Hopkins Hospital). Human satellite 
DNAsel to 4, some of them more 
ancient in origin than others, have 
apparently been jumping around as 
free spirits during the course of evolu- 
*tion that first branched out gibbons 
and then the anthropoid apes and man 
(J. R. Gosden, Western „General 
Hespital, Edinburgh). E. Southern 
pointed out some years ago that the 
evolutionary fate of highly repetitious 
sequences is to become moderately 
repetitious by accumulation of random 
mutational base changes. Unless a 
mechanism exists for eliminating old 
repetitious sequences, the genome size 
should continue to increase with every 
new addition of highly repetitious 
sequences. While most species have 
apparently invented this elimination 
mechanism, the kangaroo rats (Dipo- 
domys) of North American deserts 
have not. Among this group of leaping 
rodents larger genome sizes are corre- 
lated with a greater amount of highly 
repetitious DNA (F. T. Hatch, Law- 
rence Livermore Laboratory). 

Sex chromosomes continue to 
unravel their mysteries ahead of auto- 
somes, the in vitro study of the X- 
inactivation mechanism now seems 
possible. Using three X-linked marker 
enzymes, G. Martin (National Insti- 


tutes of Health) reported that mouse 
Ovarian teratoma cells, kept in an 
undifferentiated state with the help of 
the feeder layer, express the genetic 
activities of both X chromosomes. Ag 
soon as they are allowed to organise 
and differentiate one X-chromosome 
is inactivated. Rapidly accumulating 
evidence mainly due to S. S. Wachtel 
has all but verified the proposed testis- 
organising function of the H-Y antigen 
(S. Ohno, City of Hope Medical 
Center). But the actual location of this 
testis-determining H-Y gene is now 
problematical. Although the presump- 
tive existence of this gene in multiple 
copies could still salvage its Y linkage, 
X linkage of the H-Y gene in the 
normally inducible state with the Y 
carrying its activator gene, is becoming 
increasingly attractive. B 


Objective 
authentication 


from C. R. Cavonius 













Authenticity in Art was the subject 
of an interdisciplinary symposium 
at the Van Gogh Museum, Amster- 
dam, on 12 March 1977. The sym- 
posium, which refiected the increas- 
ing intefest in the use of objective 
techniques in authentication, was 
organised by H. L. C. Jaffé (Art 
Historica] Institute, University of 
Amsterdam) and L. H. van der 
Tweel (Van Danzig Foundation), 

+ 





THE discussion clearly showed the 
complementarity of techniques derived 
from physical and physiological science, 
and from modern graphical analysis. 
S. J. Fleming (Oxford University) des- 
cribed changes in the pigments used by 
artists over the centuries. The obvious 
possibility of rejecting a later forgery 
because it contains pigments that were 
not available to the original artist has 
been extended by methods that in some 
cases enable the dating of different 
samples of the same pigment on the 
basis of their radioisotope ratios *or 
trace contaminants. This has proven 
especially useful in the case of the 
ubiquitous pigment lead white which, 
depending on the era in which it was 
manufactured, contains varying 
amounts of impurities, or different 


crystalline structures (although the 
chemical composition remains the 
same). Fleming concluded that if 


museums and collectors regularly used 
physical dating techniques, the chance 
of success by forgers would become 
vanishingly small. 

Physical methods are, however, of 
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little help in discriminating between 
artists of the same school, who tended 


to Ase similar materials, This problem. i 











was discussed by J. Bruyn. 
Historical dnstitute, Amsterdam 
the framework of the current | 
tion in Utrecht ef works by . 
Scorel. Recent developments 
red scanning methods make 
sible to reveal the artist’s sk 
under all pigments other than bl 
and this technique has revealed sey 
cases in which different parts of 





painting were sketched by different i 


artists. Bruyn further explained how | 


an analysis of underpainting can aid in : 


authenticating a painting, since mem- 
bers of a given school tend to. follow 
the master’s technique, whereas copyists — 


attempt only to reproduce the appear: 


ance of the surface, 

Prints and drawings present a special 
problem, since they offer little material 
for physical analysis. In this case, A. 
Perrig (University of Hamburg) demon- 
strated how an analysis of the fine 
structure of an artist’s line can aid in 
identifying a drawing in cases in which 
the overall style is ambiguous. As an 
example, Perrig showed that the cross- 
hatching in several putative Michel- 
angelos was done with a stroke. that 
does not appear in any of his authenti- 
cated works, and through a seriés of 
steps that resembled a good detective 


mystery, traced their origin to Cellini _ 


Two different methods for describing 
an artist’s style in objective terms 
were proposed by d. J. Denier van der 
Gon (University of Utrecht) and J. 
Storm van Leeuwen (Royal Library, 
The Hague). The first reported the 
results of recent experiments in which 
the velocity and position of an artist’s 
hand were recorded while she sketched 


several types of line, When drawing — 
repetitive lines for shading, velocity 
increased in proportion to line length, 
whereas when qopying a line, or draw- 
ing an outline, velocity remained essen- = 
tially constant, suggesting that the two.” 
types of activity are mediated by- 


different neuromuscular control sys- _ 
tems. If it were possible to deduce a 
from a drawing which types of a os 
had been used for specific lifes, it — 
might be possible to identify oe g 
since these would presumably consist - 
predominantly of constant-velocity | 
lines. However, Denier van der Gon 
admitted that this would be technically 
difficult. 

Storm van Leeuwen described his 
experience with a method that is al- 
ready available for describing an 
artist’s style in objective terms: the 
pictological method devised by van- 
Danzig, which he used to conclude 
that only 33 of 116 paintings that were 
attributed to Frans Hals in the 1930s 
were actually from his hand; sub- 
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sequent authentication through, for 
example, pigment analysis hase in 


general confirmed van Danzig’s analy- 
sis, The heart of this method is the 
identification of at least 100 charac- 
teristics in well-authenticated works 
of a given artist. If a dubious painting 
contained 75% of these, van Danzig 
concluded that it was authentic. Storm 
van Leeuwen reported a high rate 
of success in applying pictological 
analysis to objects as diverse as book- 
bindings, but cautioned that the 
method is difficult to learn. 

In the general discussion the view 
that connoisseurship must remain the 
ultimate test of a work of art was put 
forward. But this traditional view had 
clearly received a strong challenge 
from thee more objective methods 
presented. Ed 


Continental drift 
changes climate 


from Peter J. Smith 7 


THE annual mean temperature 
difference between the equator and the 
north pole is at present about 41 C 
(equatorial 27°C to polar — 14 °C). 
But evidence from the fossil record 
makes it clear that temperatures during 
the Mesozoic, for example, were 
generally higher than they are now and 
that the large equator-north pole 
temperature drop cfirrently observed is 
probably atypical of the past few 
hundred million years of geological 


time. So why has the temperature 
gradient increased? Why is late 
Caenozoic climate abnormal? One 


possibility is that since at least the 
Palaeozoic the Earth has been influ- 
enced by extraterrestrial effects such as 
variations in solar luminosity, as 
suggested by Ulrich (Science 190, 619; 
1975). However, Donn and Shaw (Geol. 
Soc. Amer. Bull. 88, 390; 1977) now 
claim that the appeal to external pro- 
cesses is unnecessary and that climatic 
changes in the northern hemisphere 
during the Mesozoic~Caenozoic may be 
attributed entirely to changing terres- 
trial geography. 

Their evidence comes from the appli- 
cation of a modified form of «ahe ther- 
modynamic meteorological model of 
Adem (Tellus 14, 102; 1962 and sub- 
sequent papers), the purpose of which 
is to estimate the temperature of the 
Earth’s surface and atmosphere from 
the radiation balance. The details are 
complex and can barely be summarised. 
Suffice it to say that the model involves 
such factors as the solaç radiation 
received at the Earth’s surface, the sur- 
face albedo (reflectivity), latent heat 
loss from the surface by evaporation, 


heat of condensation in the atmos- 
phere, cloudiness, heat storage in the 
oceans and atmosphere, the horizontal 
addy diffusion of heat, and heat added 
to the atmosphere by shomt-wave and 
long-wave radiation. What emerges 
from a consideration of these thermal 
effects is an equilibrium temperature 
distribution; and the model can cer- 
tainly be said to work insofar as it has 
been used successfully to describe the 
present climate. 

The crucial element as far as Donn 
and Shaw are concerned, however, is 
the change in the Earth’s albedo with 
time. The present albedo of the Earth 
as a whole is about 30%; that is, about 
30% of the incident solar radiation is 
reflected back into space and is thus 
unavailable for warming the Earth’s 
surface and atmosphere. But this 
average conceals large variations, for 
whereas the albedo of clouds is about 
90%, that of ice and snow is 60-80% 
and that of certain land and water 
areas is less than 10%. Moreover, 
because of its transparency ° and 
mobility, water transports heat to a 
greater depth than does land and is 
thus more capable of storing heat. The 
amount of heat absorbed by the 
Earth’s surface, and thus available for 
later warming of the atmosphere, is 
therefore dependent upon the relative 
proportions and positions of the 
different types of surface cover. 

And the proportions and arrange- 
ment of continents and oceans in the 
northern hemisphere have changed 
considerably over the past 200 Myr 
because of continental drift and 
possibly polar wandering. The albedo 
and heat storage characteristics must 
likewise have changed. To see if such 
changes are sufficient to account for 
the observed climatic changes, Donn 
and Shaw have therefore used their 
modified Adem model to determine the 
surface temperature distribution for the 
early Triassic (200 Myr ago), the mid- 
Jurassic (150), the Palaeocene (65), the 
Oligocene (35) and the present. The 
point of beginning with the early 


Triassic is that this epoch preceded the” 


separation of Europe, America and 
Africa and marked a time when much 
of the northern hemisphere was water. 
(Of course, much of the northern 
hemisphere was also under water 
during the Cretaceous, when large 
continental areas were submerged. This 
period has not been considered in order 
to avoid having to distinguish between 
the thermal effe@ts of land and large 
epeiric seas.) 

What the analysis shows is that during 
the early Triassic the temperature 
difference between equator and pole 
over most of the northern hemisphere 
was only about 20 °C. But as more and 
more land moved in from the southern 
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hemisphere and drifted towards the 
north pole over .the succeeding 
200 Myr, the  equator-pole tem- 
perature drop rose to about 40 °C, 
which agrees well with the currently 
observed value of 41 °C. Throughout 
this period, however, the tropics re- 
mained at 25-30 °C. In other words, 
the increasing temperature gradiént 
was brought about by a gradual 
decrease in polar temperature un- 
accompanied by any significant change 
in equatorial temperature. 

The increasing gradient tied to a 
nearly constant equatorial temperature 
inevitably led to a decrease in the over- 
all mean northern hemisphere tempera- 
ture—in efact, a more or less uniform 
fall of about 3°C, throughout the 
200 Myr. But temperature reductions in 
the higher latitudes were *not only 
greater but also less uniform. In the 
60-70°N band, for example, the annual 
mean temperature fell by about 5 a 
during the first 165 Myr and by about 
the same over the remaining 35 Myr. 
During the same intervals the propor- 
tion of land in that latitude band rose 
0-50% and 50-100% respectively, 
emphasising again the importance of 
‘continentality’ in producing tempera- 
ture decline. Incidentally, the model 
analysis shows that the mean 60--70°N 
temperature fell below freezing point 
10-15 Myr ago, which is in good agree- 
ment with the onset of North 
American glaciation. 

In summary, then, it would seem that 
continental drift is capable of explain- 
ing fully the gross changes in northern 
hemisphere temperature for the past 
200 Myr. Whether the same can be 
said for the southern hemisphere, 


where the present equator-pole tem- 
perature drop is even higher at TG; 
remains, to be seen. Donn and Shaw 
promise that analysis later. 
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N S PE tg ise ata sears 
th pe ar a ae 


me aye ee 


100 year ago 


Bertin dealers in delicacies have 
recently received from the south, and 
especially from Upper Italy, immense 
quantities of edible birds which have 
been captured there in their flight 
northwards. Unfortunately there were 
not only snipe, fieldfare, and larks, or 
so-called “delicacies” among the birds 
sent, but also singing birds, that are 
never eaten in Germany, such as gold- 
finch, thrush, and nightingales. The 
animals were caught of their migratory 
flight by means of nets, or surprised 
during the night and indiscriminately 
killed. A new indication of the im- 
portance of an international law for 


bird protection! 
From Nature 15, 12 April, 522; 1877. 


















mo 








Extended radio galaxies 
W. A. Christiansen ° 


National Radio PPPN Observatory, Charlottesville, Virginia and University of North Carolina, Chapel Hill, North th Car 


A. G. Pacholezyk 


593 








National Radio Astronomy Obserwatory, Charlottesville, Virginia and Steward Observatory, University of Arizona, Tucson, Arizona 85721 Le 


John S. Scott” . 


* * » 
University of Maryland, College Park and Kitt Peak National Observatory, Tugson, Arizona. 





| "i l hoj + + 
Observations of extended radio sources are interpreted in — 


terms of a picture for radio source evolutign involving 
multiple ejections of ram pressure confined plasmons in 
which instabilities lead to the formation of turbulent hot 
spots and to in situ particle acceleration. The hypothesis 
of ram pressure confined turbulent plasmons leads to a 
coherent theory of various radio phenomena including 
compact radio sources, radio tail galaxies and extended 
double radio sources. 





ALTHOUGH the powerful extended double radio sources were 
among the first extragalactic radio sources to be extensively 
studied, a detailed understanding of their nature is still elusive. 
The ultimate source of the energy liberated in these sources 
remains a problem, and will not be dealt with here. We pre- 
sent a coherent picture of the observed structural, spectral 
and polarisation features of the extended double sources, 
assuming that an adequate amount of energy is released and 
properly directed in the central region of the parent object. 

A natural model for double radio sources assumes the com- 
ponents of a given source to be ram pressure confined plas- 
mons ejected from a galaxy into an external medium. More 
exotic models have been developed to explain the following 
difficulties: (1) Rayleigh-Taylor instabilities, induced in the 
plasmon because of deceleration, may cause disruption of the 
plasmon’. (2) Large adiabatic energy losses are expected be- 
cause of the expansion of the decelerating plasmon. (3) Recent 
observations indicate the presence of highly polarised ‘hot spots’ 
in some extended sources?~‘. If hot spots are confined by 
ram pressure, high densities of thermal matter (n ~ 107? cm~?) 
are required to achieve penetration to the observed distance. 
Polarisation observations, however, indicate that this thermal 
density is about an order of magnitude smaller (n ~ 107% cm =a) 
(refs 2, 3). (4) The relatively high equipartition magnetic field 
intensity in the hot spots implies synchrotron lifetimes on the 
order of 10‘ yr (refs 2, 3). This is only of the same order as the 
light travel time from the central source to the observed dis- 
tance of the hot spot. 

We argue that ram pressure confined plasmons do develop 
instabilities; however, the spectra and amplitude of the in- 
stabilities are severely limited by the bow shock flow. These 
limited instabilities lead to the formation of hot spots, the 







d opment of turbulence and in situ particle acceleration, 


at the above listed arguments are inapplicable. 
ervations of radio tail objects (and bent double struc- 


tures) which we assume to be phenomenologically similar ee 


to the more energetic doubles discussed here, clearly indicate — 
a number of discrete ejection events (that is, multiple explosions). 
We therefore adopt a multiple ejection picture (compare ref. 6); 
this hypothesis (unlike the single ejection) leads to initial 


nuclear phase luminosities consistent with observations of 
QSOs. , 


Plasmons evolution 


The evolution of plasmons in a multiple explosion. picture for 
radio galaxies may be separated into four stages (Fig 1). 

Stage 1: 
adiabatically expands along the channel formed by the previous 
explosion’, resulting in a low surface brightness. Stage 2: this 


the plasmon created in the most recent explosion — 


plasmon, on encountering the debris “from previous. ex- 


plosions, is rapidly decelerated, adiabatically compressed: and 


greatly brightened. Stage 3: Rayleigh-Taylor instabilities. 


develop near thè front of the plasmon, and generate turbulence 


throughout the plasmon, leading to the acceleration of par- : 


ticles by the betatron and second order Fermi mechanisms’. 


Stage 4: deceleration drops to zero and the plasmon expands. > 


Fig. 1 Velocity of the front of the plasmon in units of light ~ 
velocity (V), travel time in units of stdbping time t/Ts, and a- 


scale height r/fa (ro = 1 kpc) of a plasmon in a channel as = 
functions of the position of the front of the plasmon relative. 


to the length of the Channel //L. Channel length: diameter is 10. 


The mass of the plasmon is 0.1 of the total mass of the debris at- e 


‘the end of the tunnel from previous events. 


~ Stage 2 > Stage 3 
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The instabilities no longer grow and the turbulence (and con- 
sequent particle acceleration) decays. 


Instabilities and hot spots 


Linearised calculations indieate that ram’ pressure confined 
plasmons are Rayleigh-Taylor and Kelvin-Helmholtz un- 
stable. It seems that*the instabilities grow rapidly enough to 
disrupt the plasmons’. 

Near the front of the plasmon the Rayleigh-Taylor instability 
is dominant with a growth time t~(A/|A|)¥?2, where à is the 
instability wavelength and |A| is the absolute value of the 
plasmon acceleration. For ram pressure confined plasmons 
JA! ~ ppv?/pr, where pg is the background gas density and v, 
p and r are the centre of mass velocity, average density and 
scale height of the plasmon, respectively. Therefore 


T ~ (p/pp)!? Ar)? yo (1) 


As |A] is largest at the beginning of Stage 3 (Fig. 1) the 
growth rate of all instabilities should be most rapid at this time, 
and the @xistence of hot spots and bright ridges, which we 
associate with growing instabilities, should be most prominently 
associated with this stage. ° e 

Previous calculations did not specifically take into account 
the interaction between growing surface instabilities and the 
two-dimensional hypersonic flow of shocked ambient gas 
around the ram pressure confined plasmon. This flow does 
not stabilise the surface in the sense that it prevents the growth 
of instabilities but it does strongly limit the amplitude of the 
instabilities by sweeping them afound the nose of the plasmon 
into its wake. Therefore, these instabilities contribute to tur- 
bulence but are swept away before they reach amplitudes large 
enough to disrupt the plasmon. 

At the stagnation point, the flow velocity of the shocked gas 
is zero. Above the stagnation point, however, the shocked gas 
flow has a non-negligible component normal to the surface". 
Instabilities growing near the stagnation point encounter this 
flow as soon as they protrude above the surface and are 
efficiently suppressed. 

Away from the stagnation point, the flow is nearly tangential 
to the surface. The tangential acceleration, Ay, of an instability 
due to the ram pressure of this flow is thus 

@ 


Ay = (kpsn¥*sn)/pr (2) 


where k is a dimensionless constant of order unity, Psn and 
va are the density and tangential velocity of the shocked gas, 
respectively. Numerical calculations” indicate that 


© PspVsn ~ PV 


and Ven/¥ ~ sina + 2.2(A/r) cos®a (h<0.1r) G3) 


where a is the angle between the plasmon’s velocity and the 
surface normal, and A is the normal distance above the surface. 
Instabilities continue to grow until the velocity of the instability 
relative to the plasmon exceeds the signal speed in the plas- 
mon, v. The instability then loses communication with the 
rest of the plasmon, is decoupled, and ceases its growth. For 
ram confined plasmons, vs ~ y (Pp/P)'?, and the time re- 
quired for decoupling an instabjlity is 


° facs ~ v,/Ay Ta (PaP) vAr (4) 


Well away from the stagnation point (cos*a< sina~ 1), 
Ay ~ Pgv?/pr. Therefore, tae ~ (A°P/Y° Pa) 7, and one may 
conclude that tg. < tforany% < r. This means that Rayleigh— 
Taylor instabilities do not develop far from the front of a plas- 
mon, and is consistent with observations which seem to in- 
dicate that bright hot spots (which we identify with large am- 
plitude instabilities) are always found near the leading edges 
of extended sources. 

Near the front of the plasmon (cos*a > sina ~ 0), the 


Ld 
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tangential acceleration of an instability depends on the value 
of 4 (which is equal to its amplitude). During the linear phase of 
instability growth 3 


tae ~ (P/PB) ? (Arjhy) (5) 


4 

where / is the average amplitude of an instability in the interval 
before it is decoupled. Comparing this result with the growth 
time (equation (1)) we conclude that instabilities near the front 
of the plasmon for which (Ar)!/* < h would not develop large 
enhancements in their amplitudes before being swept away. 
A natural upper limit on h is the thickness of the shocked 
region, A < O.Ir. Therefore, although the initial spectrum of 
instabilities is unknown, it is clear that any instability for which 
Ory < O.1r will not develop a large increase in its amplitude. 

In conclusion, only a limited spectrum, of Rayleigh-Taylor 
instabilities having wavelengths in the range e 


0.0Ir < wer (6) 


are capable of developing, near the front of a plasmon, the 
large increases in amplitude which, are necessary for the en- 
hancement of magnetic field and brightness obsetved in hot 
spots. Indeed, the sizes of observed hot spots fall in this range? ~*. 
Furthermore, there is no evidence for structure in extended 
radio sources at a scale smallgr than the preceding lower limit*. 

Later in Stage 3, py/p-» 1.0 and |A| -+ 0. As a result, the 
instabilities stop growing, expand and blend with the extended 
source. ” 


Acceleration and spectra 

Equipartition magnetic fields in double-lobed sources (es- 
pecially in the hot spots) lead to unacceptably large synchrotron 
losses in times short compared with the lifetime of the radio 
component, In particular, the frequency, Vr, at which synchro- 
tron losses become dominant (the frequency where the spec- 
trum should begin to exhibit exponential steepening) is pre- 
dicted to be within or possibly below the radio window. 

This is not the case, however, for our model, in which the 
position of vr in the source's spectrum does not move steadily 
to lower frequencies. Because of the compression, betatron and 
Fermi accelerations which occur at various stages of the 
plasmon’s evolution, vr at times increases. i 

The general form of the function v(t) is™ 


vr = [const )H (£) exp(2a)/[ HX) expla)dt)’] (7) 


where a is the time-dependent sum of the coefficients of par- 
ticle energy change (for example, Fermi acceleration coefficient, 
adiabatic loss coefficient, etc.). (See Pacholezyk and Scott’;*.) 

During Stage 1, equation (7) implies that vr decreases, 
although synchrotron losses are minimal, since the plasmon 
is expanded to a large scale size and the magnetic field is small. 

The compression during Stage 2 implies that vr increases as r 
decreases 


Ve œ 8.2% f08 Hr Arrn rari) 7? (Hz) (8) 


where subscripts refer to the ends of respective stages. The 
development of turbulence during the early parts of Stage 3 
leads to a further increase in the magnetic field through the 
turbulent dynamo effect, implying that although r increases 
during Stage 3, vr also increases (compare equation (7)). 
A given component will not be perfectly homogeneous since 
turbulence develops at different rates in different parts of the 
source. This means that the frequency of the exponential cutoff, 
vy, will be a function of position in the source, with the regions 
where the instabilities are most highly developed (that is, hot 
spots) having the largest value of vr. 

The overall spectrum early in Stage 3 represents the composite 
of a series of different exponential cutoffs corresponding to 
different parts of the plasmon. This implies that the total 
spectrum will begin to curve (but not exponentially cutoff) 
at a value of vr corresponding to parts of the plasmon where 
turbulence has not significantly developed. This value of vr 
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is that at the end of „Stage 2 (compare equation (8)), which 
is the point in the evolutionary sequence just before the onset 
of turbulence. For the dbserved scale size (6x 1022 cm), equi- 
partition magnetic field (6 x 10-5 G), and <+> ~ : 0.1¢ appropri- 
ate to Cyg A, we predict that the spectrum should start tq bend 
at 

Veena X 10° Hz (9) 


a yalue close to that observed in this source®, although un- 
certainty in this value is relatively large. 

As turbulence develops first at leading edges of plasmons, 
high resolution observations of sources in the early parts of 
Stage 3 should show lessẹcurvature (higher average Vr) and 
flatter spectra at the front of the components than at the rear. 
There are some observational indications that this is so in 

Cyg A (ref. 2). e o 
— Sofirces well into Stage 3, with fully developed turbulence 
throughout the entire plasmon, will have lower overall polarisa- 
tion (because of the turbulence), ‘and vr will be shifted to higher 
frequencies through the source (see equations (7)-(9)) than 
younger, less polarised sources. In addition, because the plas- 
mon is expanding during Stage 3 the integrated fuminosity 
gradually decreases. although acceleration is moving Vr to 
higher frequencies so that for a given event the maximum lumi- 
nosity is reached early in Stage 3. 


Depolarisation and energetics 


For Cyg A the diameter- of the hot spots is ~ 3 kpc “The polarisa- 
tion observations??? imply a cellular structure with N = 10 
cells along the line of sight through the hot spot? and a value 
of nH~5x10~? G cm, where n and H are the thermal 
particle density and magnetic field in the hot spot. Assuming, 
since the hot spot is compressed, H = neo where Hego is the 
equipartition field for the entire plasmon, the value of the 
compression coefficient, n, can be determined by comparing 
the surface brightness of the hot spot with the total surface 
brightness of the plasmon 


pA e 
notte Fus Protal 
Frotat rus 


where Fasto and Fusto: indicate the observed flux and 
radius of the hot spot (entire plasmon), respectively, assuming 
F(v)~v—"*. For Cyg A, n = 3.6; therefore n = 2.3 x 10-8em~3. 
The identification of hot spots as instabilities invalidates the 
“application of the ram confinement condition to the hot spots?” 
themselves. This condition (properly applied to the entire 
plasmon) is consistent with the.density derived above. Given 
the velocity, v~ 0.1c, and the density derived from polarisation 
arguments above, the total kinetic energy of the plasmon is 
Exe~ 2x 10% erg. The ratio of the particle and field equipar- 
tition energy to the kinetic energy is then Epo/Exe = 1.3 x 1072, 
Therefore about 1% of the bulk kinetic energy of the plasmon 
has. been ee through instabilities and turbulence into 
relativistic particle and field energy. The value for this ratio is 
consistent with the value of 2° derived previously i in the plas- 
mon model for the head—tail radio sources’. 


Faraday rotation 


The multiple explosion hypothesis predicts the existence of 
non-luminous relic plasmons outside the currently active radio- 
emitting sources. There is evidence that high-density relics 
may exist near Cyg A. Observations indicate that the south- 
following (Sf) component has a rotation measure of —1100 
rad m~? while the north preceding (Np) has a rotation measure 
of +215 rad m~ (refs 2, 13). This large difference in the rotation 
measure between, the two components can be interpreted as a 
result of the source being viewed along a line of sight which 
intersects one of the relic plasmons. If the source axis is not 
; perpendicular to the line of sight (Fig. 2), radiation from the Sf 
component passes through a relic plasmon before reaching 
the observer while radiation from the Np component does not. 
The difference i in the rotation measures would then be a measure 
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Fig. 2 Sepemti representation of the radiating plesmons’ and © 

relics in Cygnus A. The obser¥ed large rotation measure of the- 

south-following component is understood in: terms. of the large. 
path length of the radiation through the relic plasmon, - 


of the magnetic field intensity (H,,.:;,), thermal particle density 
(nenco) and diameter (dene) of the relic plasmon, that. is, 
Hrericttreticdretic’N ~ “MA = 10% ARM, where 
rad~*, and N is the number of magnetic cells along the ‘The of 
sight through the relic. 

The largest differences in rotation measure should occur 


for sources with high-density relics when the most recent. plas- 


mons are in Stage 2 or early Stage 3 and the radio. axis lies 


near the line of sight. Later in Stage 3 when coalescence of the oe 


most recent plasmons with relics is nearly complete the TO- 
tation measure differences will disappear. 


Also, for Cyg A the Sf component must be closer to the ob. = 


server (Fig. 2) Therefore, because of the difference in. light 


travel time for the emission from the twò components, the SE- 


component should be more advanced in its evolution. If, as 





was assumed earlier, Cyg A is located at the beginning of Stage 3 2 


in its evolutior, the fact that the Sf component is slightly older 


should imply: (1) Sf luminosity > Np luminosity; (2) Sf polarisa- : 
tion < Np polarisation; and (3) the hot spot in Sf should have. 


a higher surface brightness. All three effects are observed. 


X-ray emission 


Several authors have pointed out that the X-ray emission from. 
the bow shocks of ram pressure confined plasmons. will be. 
relatively small. For Cyg A the predicted bow shock X-ray 
luminosity would be ~ 10%" erg s~ (ref. 14). In addition, the. 
inverse Compton X-ray emission from the interiors of active __ 
radio sources is not large’®. The detection of an X-ray | source. 
associated with Cyg A with a luminosity of 210" erg s, 7 
was reported, however, and thermal bremsstrahlung from | an. oe 


extended, region of high temperature gas (T> 10°K) was sùg- 
gested", 

We attribute this X-ray emission to a thermally relaxed 
(T~ 5x 105 K) relic plasmon whose density and mass may then 
be estimated 

AreticV. 51 deme e (cm ~8) * 


4M relic S 1,15 x 10%? dee” (g) (10) 


“where denic is the diameter of the relic cloud in units of 10 kpe. 
Using density and rotation measure, we can estimate the relic 
magnetic field 


Heie Z 3X 10% deere (G) 


Assuming # = 2x 107° (see preceding section) the mass 
of the currently active source in Cyg A is M,.~2x 10% g 





Although the observed X-ray source undoubtedly is partially 
composed of heated intergalactic gas, a reasonable estimate 
of its mass would be 


Mreħe~ l setting (11) 


where Nis; is the number of plasmons accumulated in the relic e 


over the lifetime of the source. An upper limit on the number 
of explosions is 


Nin S1 Heno (12) 


The observed X-ray luminosity can be maintained by the 
injection of an energy equivalent to the currently active source 
in Cyg A at a rate of ~1 (10% yr). This implies Nin; £ 100, 
80 dreie 2 OO kpe, Hreica 7X 107" G, and MreicS 10°Mo. 

It is interesting that with these relic parameters, the fastest 
process for filling the channel through which new plasmons 
must travel is simply back filling by the relic gas. This occurs 
on a time scale ~ (the channel length)/(relic sound speed). 
For these parameters, the filling time is ~ 10° yr, a value 
consistent with N,,)* 100, and for which the ghannel will 
remain continuously open. 


Morphology 


The model of radio sources presented here emphasises (1) the 
multiple ejection of plasmons, and (2) the in situ acceleration 
which occurs when these plasmons are significantly decelerated 
by ram pressure. The predicted morphology resulting from these 
effects should be consistent with observations. 

Sources with prominent hot spots should be associated 
with the early parts of Stage 3. Examples other than Cyg A are 
3C 33, 3C 390.3 and 3C 61.1. (The latter source also shows a 
strong ‘bridge’ feature which can be ascribed to the reflection 
wave generated as the plasmon ‘bounces’ off the relic at the 
beginning of Stage 3). 

Other possibilities include subsequent events which occur 
quickly enough so that the expanded relic is still visible when the 
latest plasmon encounters it. An example of such a source 
might be DA240. | 

If the channel is not straight (because anisotropic ram 
pressure occurs when there is a density gradient in the external 
medium?7-8), some deceleration of the plasmons will occur 
soon after they leave the parent Galaxy, as the plasmons hit 
the curved wall of the channel. This causes brightening of the 
component close to the galaxy, resulting in such structures 
as bent doubles and wide-angle tails (for example, 3C465, 


to be found. 
If the velocity of ejection of the plasmons is comparable with 
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the speed of motion of the Galaxy through the ram-confining 
medium, subsequent plasmons are not ejected into the channel 
of the previous plasmoid. Each ejecfed plasmon is then de- 
celerated by the external medium, and the resulting structure 
is a gadio tail. 

In both bent doubles and tails the deceleration process is 
more gradual than it would be in the case where the plasmoids 
encounter a massive relic. This implies that the brightness for 
these two cases should be smaller than for straight doubles. 
This effect seems to be borne out by observations™. 

Because of the density gradients likely to be present, and the 
acceleration of the parent Galaxy, we expect straight channels 
to be rare in clusters of galaxies, 4nd bright straight doubles 
to be rare in clusters. The exception would be cD galaxies 
which should lie at the centre of the density gradient and should 
not be significantly accelerated. Indeed, it seems bright straight 
doubles are rare in clusters, the exceptions being large centrally 
located cD galaxies. . 


Summary ‘ 


We suggest that components of extended radio galaxies are 
merely plasmons, and that multiple ejections of these objects 
lead naturally to the observed structures of double-natured 
radio sources. The ram pressure deceleration of these objects 
(which for objects like Cyg A occurs at the end of a channel 
‘ploughed’ by a previously ejected plasmon) leads to in- 
stabilities im the plasmon, which, far from destroying the 
plasmon, lead to in situ betatron and Fermi acceleration of the 
relativistic particles present in the plasmon. This acceleration 
provides a means of transforming a fraction of the tremendous 
bulk kinetic energy of the ejected plasmon into relativistic 
particle (and magnetic field) energy, thus producing the ob- 
served radio brightness. This replenishment of internal energy 
is necessary (and possibly sufficient) to explain the observed 
spectral and morphological features of extended radio sources. 
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A simplification and synthesis of late-Wiirm Northern 
Hemisphere glaciation is possible by postulating an Arctic 
Ice Sheet that behaved as a single dynamic system. 
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LATE-WÜRM Arctic glaciation is better understood if we first 
identify the important features of present Antarctic glaciation. 
The Antarctic Ice Sheet is a mass of ice and snow covering 
most of the Antarctic continent, with both grounded and 
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floating portions that are thick enough to flow under their own 
weight. Ice domes are centres of spreading in the grounded 
portions and are connetted by ice divides. Terrestrial domes 
are grounded largely above sea level on the East Antarctic 
continental shield and marine domes are grounded largely 
below sea level on the West Antarctic continental shelf. Seaward 


597 


uncoupling, resulting in massive fracture of the ice surface. 
Conventional reconstructions? of late-Würm glaciation 
emphasise the terrestrial? character of the Laurentide and 
Scandinavian ice domes, but when isostatic depression is con- 
sidered, large portions of these dames were marine, as were the 
Innuitian, Barents Sea, Kara Sea and East Siberian Sea domes. 


flow from ice domes commonly converges on fast-moving » We have now reconstructed all of the date-Wiirm ice domes 


currents of ice called ice streams. Ice streams draining terrestrial 
ice domes begin as outlet glaciers in fjords eroded through 
coastal mountains. Ice streams draining marine ice domes begin 
in submarine troughs eroded on the continental shelf. Ice 
streams are centres of spreading in the floating portion of an 
ice sheet, and form floating ice tongues that can coalesce with 
each other or with thick sea ice to create ice shelves; these are 
generally confined in embayments and pinned by islands or 
submarine rises. Calving bays form along the deep-water margin 
of the ice sheet where icebergs continuously calve from ice that 
is afloat or grounded well below sea level. Catastrophic retreat 
of a calving bay up an ice-stream occurs when the floating 
portion becomes unpinned and the grounded portion surges. 
A surge may be temporaty, periodic or continuous, and is a 
sudden acceleration of glacial flow caused by substantial ice-bed 


(CLIMAP 18,000 Bp revised ice-sheet reconstructions, un- 
published data, University of Maine) and find that Weertman’s? 


* idealised two-dimensional analysis of an ice dome-ice shelf 


junction predicts that late-Wiirm marine domes may have been 
inherently unstable for present combinations of bed slope and 
sea level along flowlines of major ice streams that drained these 
ice domes. A conclusive demonstration of whether such in- 
stability existed would require a three-dimensional analysis that 
considers constraints imposed on ice streams by bedrock walls 
and sills, and constraints imposed on ice shelves by confining 
embayments and pinning points*-*. A preliminary analysis® 
indicates, however, that viscoplastic instability restricts the 
side-wall constraint on ice streams to a zone only a few kilo- 
metres wide, so that the major late-Wiirm ice strefms should 
conform reasonably well to Weertman’s two-dimensional 
K 


Fig. 1 A minimum reconstruction of the late-Würm Arctic Ice Sheet, in which an ice shelf covering the Arctic Ocean flowed from the 
Canadian-European sector to the Alaskan-Siberian sector, where it grounded along the continental-shelf margin and ablated slowly by 
melting. We assume that marine portions formed nfainly from transgression of land portions on to continental shelves exposed by falling 
sea level. Present sea-level contour and present lacustrine shorelines — — —, Present 100-m bathymetric contour and a conservative 
late-Wiirm sea level contour..... , Present 1000-m bathymetric contour and, except for island arcs and ocean ridges, the approximate 





continental-shelf margin, , Limit of late-Wiirm glaciation. 





— — , Surface flowlines on the respective grounded and floating 


portions of the late-Wiirm Arctic Ice Sheet. L, Laurentide; G, Greenland; B, Barents; S, Scandinavian major domes of the Arctic Ice 

Sheet. IN, Innuitian; CO, Cordilleran; NE, Newfoundland; IC, Iceland; BR, British; PU, Putorana; KA, Kara; and (in Fig. 2) ES, East 

Siberian minor domes of the Arctic Ice Sheet... .. , portion of the Arctic Ice Sheet that drained into the Atlantic Ocean. Regions flooded 

by ice-dammed rivers (black areas) include Mansi Lake in the Ob River basin, the Aral-Caspian Sea, and the Black Sea, which were 128 m 

above, 48 m above, and at least 50 m below present sea ag, eee em were interconnected. +-, Intersections of 10° longitude 
and latitude intervals. 





analysis. If so, the major coristraint preventing disintegration 
of inherently unstable late-Wiirm marine ice domes was 
probably the inertia of confined and pinned ice shelves buttress- 
ing ice streams that drained marine ice domes. This hypothesis 
is supported by investigations of late-Wiirm fecession of marine 
West Antarctic ice from the edge of the Antarctic continental 
shelf?~*. Today, this dome, which occupies less than half of its 
late-Wiirm area, is drained almost entirely by large ice streams 
that are usually buttressed by confined and pinned ice shelves. 
A dynamic argument can be made that removal of the ices 
shelves would lead to ice-stream surges*~*, drawing down the 
ice dome and perhaps leading to its collapse by propagation of 
calving bays along evacuated ice-stream channels. Therefore, 
we conclude that reconstructions of late-Wiirm glaciers may 
have to consider the inertial constraint of confined and pinned 
ice shelves on ice streams that drained marine ice domes. 

A second difficulty of standard reconstructions involves the 
chronology of late-Wiirm deglaciation. Available “C dates 
indicate major retreat of peripheral terrestrial ice early in the 
deglacial hemicycle as opposed to relatively late major recession 
of northerly marine ice. For example, considerable fluctuating 
recession began in the southern and western terrestrial Lauren- 
tide ice shortly after 18,000 yr ago, whereas måjor recession of 
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northern Laurentide and Innuitian manine ice apparently did 
not begin until considerably later in the deglacial hemicycle. 
The reason for this is not obvious, ‘particularly because the 
northern marine ice probably was unstable and because a 
glacial record from northern Alaska’ suggests that late-Wiirm 
climatic amelioration was nearly synchronous in this portion 
of the Arctic and in temperate latitudes. 

In view of these problems in dynamics and deglacial chron- 
ology, we think that a simplification and synthesis of late-Witrm 
glaciation is possible by postulating an Arctic Ice Sheet that 
behaved as a single dynamic system composed of terrestrial and 
marine grounded ice, and ice shelves (Figs 1 and 2). We start 
by identifying numerous ice stream’ in marine portions of the 
Arctic Ice Sheet from geological literature and from continental- 
shelf topography. In order to buttress the largest ice streams, 
we endorse the concept of an ice shelf on the Arctic Oceap™! ~ 
and postulate extensions of this ice shelf across the Greenland, 
Norwegian and Labrador seas jntodhe North Atlantic. Ice-shelf 
flow was determined by junctions of ice shelves with domes of 
the Arctic Ice Sheet. Two Arctic Ice Sheet*reconstructions are 
presented, because the distribution ôf late-Wirm Arctic ice is 
not well known. In both the minimum (Fig. 1) and maximum 
(Fig. 2) reconstructions, the Greenland and Norwegian seas 


Fig. 2 A maximum reconstruction of the late-Wiirm Arctic Ice Sheet, assuming masine portions formed mainly from thickening sea ice 
which became grounded on continental shelves. Markings are described in Fig. 1 legend. Compared with the minimum reconstruction in 
Fig. 1, the maximum reconstruction in Fig. 2 shows a hypothetical ice dome in the East Siberian Sea as an integral part of the Arctic Ice 
Sheet, an expanded Innuitian ice gome, and a more southerly position of the ice-shelf calving margin in the North Atlantic. These features 
greatly increased the area of the Arctic Ice Sheet that drained into the Atlantic Ocean. Circumstantial evidence for the hypothetical ice 
dome in the East Siberian Sea included the glaciated character of the De Long Islands, the presence of foreign till and erratics on the 
north coast of Alaska’; the truncated and dissected top of the Chukchi Cap"*; and the topography of the sea floor in the area of 


Chukchi Cap, which appears glaciated and is very similar to sub-ice topography in East Antarctica (compare bathymetric contours of the 
Map of the Arctic Region, world 1 : 5,000,000 sheet 14, American Geographical Society, New York, 1975, with topographic contours 
under the East Antarctic Ice Sheet*’). 
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Fig. 3 The dynamics of ice streams draining marine portions of the Arctic Ice Sheet. The orthogonal slip-line fields of maximum shear stress 
for extrusion, compression and identation (a) can be joined to give the approximate slip-line field and flow lines for an ice stream (b) and 
to predict the expected crevasse pattern (c) when an ice stream is the major conduit for flow from an ice dome to an ice shelf. The channel 
troded by an ice stream allows the ice dome-ice shelf junction (— — —) to extend part way up the ice stream. Flowlines (+) converge on ee 
fjords through the partly subglacial mountains bordering the continental shield at the head of an ice stream, and diverge on to the ice shelf ©... 
bordering the continental shelf at the foot of an ice stream. Surface components of the stress tensor oy and its principal stress components ox, 


shown on opposite sides of the ice stream, relate crevasses to extending, 
and merges with the ice shelf. Removal of the ice shelf would bring 


laminar and compressive flow as the ice stream becomes un rounded 
the extending-flow regime to the foot of the ice stream, allowing a 


calving bay to migrate up the ice stream as icebergs are sectioned along extending-flow crevasses. Calving-bay migration would stop when 
the ice-stream grounding line reached a bedrock sill above sea level at the head of the fjord through the mountains, or would proceed into 
the heart of a marine ice dome if a sill did not exist. ; = 

e 


were covered by a southward-moving ice shelf that was nearly 
grounded on the shallow banks between Greenland, Iceland, 
the Faeroe Islands and Scotland; and was fed from ice domes 
covering these areas, Scandinavia and the Barents Sea. Both 
reconstructions also show a southward-moving ice shelf over 
Baffin Bay, David Strait and the Labrador Sea, fed from the 
Laurentide, Innuitian and Greenland ice domes. and nearly 
grounded in Davis Strait. The North Atlantic margin of the 
combined ice shelf extended in an arc from the Grand Banks 
off Newfoundland to the continental shelf off Scotland, coinci- 
ding approximately with the August 0 °C sea-level isotherm 
18,000 yr ago’. This margin ablated largely by iceberg calving. 

The importance of ice shelves to late-Wiirm glaciation is the 
recognition that a huge unbroken ice cover existed over polar 
seas and adjacent portions of North America, Greenland and 
Eurasia; that this ice cover constituted a unified Arctic Ice 


Sheet with grounded terrestrial and marine portions and. gi 
floating ice shelves; and that all components were intercon- 
nected dynamically, each depending for its existence on the E 
others. Late-Würm glacial history can be understood by viewing 
the Arctic Ice Sheet as one dynamic system, stressing the pre- er 
_dominantly marine character of this system and the dynamics - o 
of marine ice domes in relation to ice streams, ice Shelves, and = 
calving bays. The huge interior floating ice shelves were key. 
e factors in stabilising the Arctic Ice Sheet, for they buttressed: 
marine portions which in turn abutted terrestrial portions, 


Ice domes 

Our proposed Arctic Ice Sheet consisted of marine domes over 
Hudson Bay, the Gulf of Bothnia, the Barents Sea, the Kara — 
Sea, the Queen Elizabeth Islands and possibly the East Siberian 
Sea; and terrestrial domes over the Canadian Cordillera, 

















<o Newfoundland, Greenland, Icéland, the British Isles and the 
~ Putorana Plateau. . 
Seaward spreading from major dontes of the Arctic Ice Sheet 
- differed fundamentally from landward spreading: (1) It occurred 
= primarily in marine portions qver a bed that*had been mostly 
below sea level, and which thus remained mostly thawed, 
whereas landward spreading occurred primarily in terrestrial 
portions over a bed that had been mostly above sea level and 
which had been and partly remained frozen. (2) Seaward 
spreading was primarily inward convergent flow from ice 
divides joining the domes, and thus accelerated more rapidly 
than landward spreading, which was primarily outward diver- 
gent flow from the ice divides. Because basal frictional heat 
increases as ice accelerates, more meltwater was formed at the 
bed for seaward than for landward spreading. (3) Seaward 
' spreading ended as rapid stream flow because ice moved 
_ between coastal mountains and islands; landward spreading 
ended as slow sheet flow because ice moved over broad interior 
plains. Ice-sheet energy was thus focused on narrow zones along 
the seaward margin, but was dispersed across broad fronts 
along the laxdward margin. These features combined to increase 
ice-bed uncoupling, the primary cause of glacial surges, for 
seaward spreading compared with landward spfeading. Surge 
conditions would thus develop first in ice streams and outlet 
glaciers draining marine portions of the Arctic Ice Sheet. 


Ice streams 


Mountain ranges along continental margins follow the landward 
side of the continental shelf and commonly project through an 
ice-dome margin. Hence, ice flowing seaward from the terrestrial 
portions of an ice dome commonly funnels into outlet glaciers 
that erode fjords through coastal mountains, and focus ice 
drainage in ice streams that erode troughs on the continental 
shelf. These ice streams are also supplied by the grounded 
marine portions of the ice dome. Ice-stream troughs are fore- 
deepened, as are fjords, so that a low submarine sill usually 
exists at the outer margin of the continental shelf where ice 
streams become afloat and merge with ice shelves. The sills and 
ice shelves combined to stabilise ice-stream grounding lines at 
many continental-shef margins during the late-Wiirm. When 
ice-stream grounding lines retreated across these sills, they 
swept over the entire continental shelf and migrated into 
outlet-glacier fjords. We conclude that the ice streams draining 
the Arctic Ice Sheet were in stable equilibrium where they began 
as outlet glaciers, unstable equilibrium where they extended 
across continental shelves, and metastable equilibrium where 
they merged with floating ice shelves (Fig. 3). Constraints by 
thick ice shelves caused compressive flow, ice thickening and 
divergence where ice streams became afloat. This stabilised 
ice shelf-ice stream grownding lines at sills and bottlenecks 
associated with submarine banks along the outer continental- 
shelf margin. As soon as ice streams were able to punch through 
retreating ice shelves, however, the extending flow, ice thinning 
and convergence at the heads of ice streams became unchecked 
and caused grounding-line recession. The inherently unstable 
marine portions of the ice dome were then transformed into 
ice shel€es and carved up by calving bays (Figs 3 and 4). 
‘Mountains and islands along ice dome-ice shelf junctions in 
. Antarctica are commonly unglaciated because outlet glaciers 
and ice streams tend to channel flow around elevated coastal 
topography. In our reconstructiort, this implies that unglaciated 
n portions?" of Banks Island and Baffin island, for example, 
=: are not indicative of thin inland ice, but result from channelling 
-of sheet flow into fjords and straits, which allowed unglaciated 
<00 highlands and headlands to exist along the ice dome~ice shelf 
~~ junction. Ice streams similarly drained ice around Devon 
Island and Newfoundland, where local ice domes may have 
existed. 













Ice shelves . i 
-What maintained the stability of the large floating ice shelves 
that may have been necessary to prevent ice streams from 
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Fig. 4 Migration of a calving bay up the Hudson Strait ice stream 
and collapse of the Laurentide ice dome over Hudson Bay. 
Successive stages are shown in the plan (a) and profile (b) pairs, 
where the profile is taken along the ice flowline (>) shown in 
plan. White areas denote the grounded ice sheet, dotted dreas 
denote the floating ice shelf and tabular icebergs, black areas 
denote seawater, and checked areas denote bedrock. In a: 
O E , present shorelines; ~~, schematic crevasse patterns 
based on Fig. 3. The Hudson Strait ice stream was stabilised by 
an ice shelf in the Labrador Sea 18,000 yr ago. By about 
8800--10,000 yr ago this ice shelf had retreated and thinned 
sufficiently for the ice stream tq punch through it between the 
longitudinal-shear crevasses along its floating length so that a, 
calving bay followed the ice stream grounding line up Hudson 
Strait. The Laurentide ice dome collapsed in a few centuries 
after the grounding line and calving margin of the surging ice 
stream crossed the island pinning points at the entrance to 
Hudson Bay. 


drawing down marine portions of the Arctic Ice Sheet? One 
requirement is that a positive mass balance existed over all but 


calving and melting margins of the ice shelves. In the Arctic 


Ocean a positive annual mass balance would have been expected 
once northward heat transport from the North Atlantic Current 
essentially ceased®’ during the late-Wiirm maximum, when the 
North Atlantic Current flowed eastward towards Africa rather 
than north-eastward into the Norwegian Sea*!. This change in 
current direction caused Jower North Atlantic sea-surface 
temperatures so that they were compatible with an ice shelf 
that had a snowline close to sea level along its North Atlantic 
calving margin. N 

A second requirement is that snow accumulation over the 
Arctic Ice Sheet was sufficient to maintain the iceberg calving 
rate, which can be estimated from present Antarctic ice shelves, 
along the North Atlantic ice-shelf margin. The nearly constant 
forward velocity about 100 km behind the calving margin of 
the Ross Ice Shelf is about 0.9 km yr~? (ref. 22), and seems to 
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Hudson. Strait 
Mean depth below 100 m (m) 
Width over 100 m deep (km) 
Area below 100 m deep (km?) 
Mean annual ice discharge (km? yr~?) | 
* Area of accumulation basin (km?) | T 
Mean accumulation in basin (m yr) 
Davis Strait 
Mean depth below 100 m (m) 
Width over 100 m deep (km) 
Area below 100 nt deep (km9 
Mean annual ice discharge (km? yr ~) 
Area of accumulation basin (km?) 
Mean accumulation in basin (m yr~!) 
e Denmark Strait: -- 
Mean depth below 100 m (m) 
Width over 100 m deep (km) 
Area below 100 m deep*{km*) 
Mean annual ice discharge (km? yr ~1) 
Area of accumulation basin (km?) 
Mean accumulatfon in basin (m yr} ý . 
Iceland-Faeroe Ridge | 
Mean depth below 100 m (m) 
Width over 100 m deep (km) 
Area below 100 m deep (km?) 
Mean annual ice dischafge (km? yr~) 
Area of accumulation basin (km?) 
Mean accumulation in basin (m yr) 
Faeroe-Shetland Trench . 
Mean depth below 100 m (m) i 
Width over 100 m deep (km) 
Area below 100 m deep (km?) 
Mean annual ice discharge (km yr~4) 
Area of accumulation basin (km*) 
Mean accumulation in basin (m yr) 
North Atlantic Calving Margin 
Mean thickness 100 km from margin (m) 
Width 100 km from margin (km) 
Area 100 km from margin (km?) 
Mean annual ice discharge (km yr~*) 
Area of accumulation basin (km®) 
Mean accumulation in basin (m yr} 





_ Table 1 Ice-accumullation rates on the Arctic Ice Sheet necessary to maintain a 900 m yr™ iceberg calving rate in the North 













Atlantic. 


s 
Minimum ice sheet Maximum ice sh 
(Fig.1) « (Fig. 2) 
243 243 
70 . 7 
17 17. 
15 13 
0.55 x 10° 0.55 x 10° 
. 0.027 0.027 
300 300 
300 300 
90 90 
81 - 8I 
2.36 x 10° 2.36 x 108 
0.034 0034. 
171 171 
350 350 
60 60 
54 54 
0.34 x 108 0.84x 10° | 
0.159 0.064 
376 ° 316 
380 380 
120 120 
108 108 
3.76 x 10° 10.84 x 10° 
0.028 0.010 
333 333 
210 210 
70 ° 70 
63 63 
0.72 x 10° 0.72 x 108 
0.088 0.088 
350 350 
1310 3800 
460 1330 
414 1200 
7.73 x 108 15.87 x 10° 
0.053 0.076 
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equal the iceberg calving rate because the calving margin has 
not undergone substantial change in this century. The nearly 
constant forward velocity of the Ross Ice Shelf was measured 
efor ice averaging 350 m thick across an unsupported front 
600 km wide between Roosevelt Island and Ross Island. Pre- 
sumably, a forward velocity of about 0.9 km yr ~? would also be 
required 100 km behind the calving margin of the late-Wiirm 
North Atlantic ice shelf, if its forward velocity matched the 
estimated present Ross Ice Shelf iceberg calving rate. Sectors 
between pinning points along the Labrador—Baffin-Greenlande 
Iceland-Faeroe~Scotland line varied from 70 to 350 km wide. 
Ice > 350m thick in any sector along this line would have 
been grounded (Table 1). Annual precipitation rates needed to 
maintain a 0.9-km yr~? ice-shelf velocity acr®ss each sector are 
given in Table | (where the flowlines in Figs 1 and 2 are used 
to identify the snow accumulation basins for each sector) and 
are well below present rates in high polar regions, suggesting 
that the postulated calving rates could have been maintained 
easily. Hence, we think that late-Wiirm ice shelves existed over 
polar seas and stabilised the Arctic Ice Sheet. 

` Although the probable need to stabilise large ice streams that 
drained marine portions of the Arctic Ice Sheet is our primary 
reason for reconstructing ice shelves, other evidence is com- 
patible with this postulate. Like present Antarctic ice. shelves, 
our proposed Arctic ice shelves all existed in embayments 
nearly surrounded by large ice domes and had margins that 
were pinned by islands or banks. Glacial-marine sediments 
with very low abundance of left-coiling Globigerina pachyderma 
deposited in the Norwegian and Greenland seas during the 
late-Wiirm maximum indicate absence of the North Atlantic 
Current and presence of a complete ice cover®*, Late-Wiirm 
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sea-surface temperatures in the North Atlantic were compatible 
with an ice-shelf calving margin between Newfoundland and 
Scotland'. Nothing yet reported from the Arctic Ocean floor 
precludes existence of a late-Wiirm ice shelf; whereas. slow 
sedimentation rates, striated clasts and truncated rises on this’ 
ocean floor are compatible with a debris-carrying ice shelf 


slowly ablating on its underside and scraping across pinning ae 


points? ~26, 


Calving bays Ee 
We postulate that dynamic processes involving ice streams, ice 
shelves and calving bays were essential factors in disintegration. 
of marine portions of the Arctic Ice Sheet. Calving bays have an 
important role in removing ice rapidly, and exist in metastable 
equilibrium. That is, they are in stable steady state for*small 


perturbations tNat do not permit ice-shelf grounding lines to 


migrate over bedrock sills or ice-shelf calving margins to retreat 
from pinning points, but are in unstable catastrophic retreat for 
large perturbations that allow either of these events to occur. 
Hence, calving bays can remove floating ice shelves, or can 


disintegrate grounded marine ice by propagating hp surging 


ice streams that have punched through buttressing ice shelves 


dFigs 3 and 4). ae rae 


A view of Northern Hemisphere deglaciation that involves 


these dynamics is now possible. The Arctic Ice Sheet underwent 


peripheral fluctuations between about 22,000 and 14,000 yr ago. 
It then suffered step-by-step collapse of its marine portions 
concurrently with slow ablation of its terrestrial fringes. First, 

rising air temperatures and northward migration of the North 
Atlantic Current ablated the North Atlantic ice-shelf calving 
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margin from pinning points’ between Iceland and Scotland 
shortly before 14,000 yr ago*!, causing ice-shelf recession into 
the Norwegian Sea. Late-Wiirm Scafidinavian ice had extended 
to the edge of the Norwegian continental shelf, where it 
terminated in water that wasecommonly up to 450 m deep?7"?. 
The topography of the Norwegian continental shelf*’:?° 
indicates to us that owtlet glaciers from the Scandinavian dome 
continued across the continental shelf as ice streams up to 
250 km long. If so, we would argue from the viewpoint of ice 
stream—ice shelf dynamics that the Norwegian Sea ice shelf» 
buttressed these ice streams, and ice streams from the Norwegian 
Trench, the Barents Sea dome, and the Icelandic dome. In this 
case, the broad Egga moraines would have been deposited at 
the ice dome~ice shelf junction. Ice-shelf recession into the 
Norwegian Sea about 14,000 yr ago would have unbuttressed 
the ice streams, causing surges and resulting in rapid removal 
of marine ice from adjacent continental shelves by calving bays. 
This is compatible with the distribution and age of the oldest 
late-Wiirm moraines on the outer Norwegian and Icelandic 
coasts?®~32, Whether the Barents Sea dome receded at this 
time is urtlear. Shell “C dates from emerged marine deposits 
imply that major recession of Barents Sea ice occurred relatively 
late, which is compatible with “C dates of the Marchida 
moraines in north-western USSR that place final disintegration 
of eastern Barents Sea ice in Pre-Boreal timet., New dates on 
shells from the westernmost coast of west Spitsbergen, however, 
if they are reliable, suggest that initial deglaciation of western 
Barents Sea ice may have been earlier than previously expected 
(G. Boulton, personal communication, 1975). In any case, we 
postulate that subsequent north-westward recession of the 
Norwegian Sea calving bay into the Greenland Sea would have 
removed grounded ice from the East Greenland continental 
shelf. Finally, the heart of the Scandinavian ice sheet was 
removed by a calving bay that migrated up the region now 
covered by the Baltic Sea and the Gulf of Bothnia. The Gulf of 
Bothnia was deglaciated by 9300-8900 yr ago****, 

Late-Wiirm climatic amelioration also caused the ice shelf 
over the Arctic Ocean to unground north of Alaska and to 
retreat toward Siberia and Greenland, resulting in step-by-step 
surges of northern® Laurentide, Siberian and Innuitian ice 
streams. Deglaciation of northern Laurentide ice probably 
occurred largely by calving bay propagation up these surging 
ice streams. It had begun by 12,400 yr ago orf north-western 
Victoria Island*’; by 10,500 yr ago in Dolphin and Union 
Straits, and by 10,200 yr ago in Coronation Gulf. As late as 
10,000 yr ago, however, a Laurentide~Innuitian ice lobe still 
occupied Viscount Melville Sound. Ice recession occurred in 
Parry Channel between the Laurentide and Innuitian domes by 
9500--9000 yr ago, allowing deglaciation of McClintock Channel 
and Peel Sound by 9200 yr ago®>~"". 

Recession of westernmost Innuitian ice from Prince Patrick 
Island had begun by 11,700 yr ago and from Melville Island by 
11,300 yr ago. Deglaciation of the inner channels under the 
Innuitian dome occurred 10,000-9000 yr ago. Meanwhile, 
the Labrador Sea calving bay had migrated past pinning points 
in Davis Strait and retreated into Baffin Bay by 10,000-9000 yr 
ago" then up Hudson Strait, past the island pinning points 
at the north end of Hudson Bay, and gutted oft the remainder 
of the Laurentide ice dome about 8100-7900 yr ago (Fig. 4). 
Finally, a calving bay migrated into Foxe Basin shortly after 
7000 yr ago*. The hearts of most major domes of the Arctic 
Ice Sheet were thus removed, in some cases leaving terrestrial 
fringes to ablate by melting. The Greenland dome still remains 
in existence, because it alone among the major domes was 
largely terrestrial and therefore immune to irreversiblee 
disintegration mechanisms affecting marine ice domes. 


Conclusions 


We believe that the concept of an Arctic Ice Sheet harmonises 
geological and gtaciological problems associated with standard 
reconstructions. It fits the pattern of deglaciation and reconciles 
the problem of initial major recession of peripheral terrestrial 


Nature Vol. 266 14 April 1977 


+ 

portions as opposed to later major retseat of interior marine 
portions. It conforms with the dynamic relationship of grounded 
marine ice to ice streams and ice shelves that we postulate for 
the present marine West Antarctic ice dome’~*. Moreover, it 
emphasises that the Arctic Ice Sheet consisted of marine 
portions in unstable equilibrium confined between land portions 
in stable equilibrium and ice shelves in metastable equilibrium. 
Perturbations of stable sectors were reversible, perturbations of 
unstable sectors were irreversible, and perturbations * of 
metastable sectors were reversible if small, but irreversible if 
large. The critical perturbations during the last 14,000 yr were 
intervals of climatic warming that affected the margins of the 
Arctic Ice Sheet. These perturbatfons were reversible along 
terrestrial margins in stable equilibrium, but were large enough 
to be irreversible along ice-shelf margins in metastable equili- 
brium. Terrestrial portions retreated slowly across wide fronts 
by melting. Marine portions that had been in unstable equili- 
brium collapsed by rapid iproads of calving bays which 
migrated up surging ice streams after climatic warming 
removed the confined and pinned ice shelves which had pre- 
vented ice-stream surges. Cryospher€—hydrosphere interactions 
thus destroyed the marine heart of the Arctic Ice Sheet, whereas 
cryosphere~atmosphere interactions eliminated terrestrial 
fringes. 

Implicit in our Arctic Ice Sheet hypothesis is the suggestion 
that ice shelves formed before marine portions of the ice sheet. 
Otherwise, these marine portions, being inherently unstable, 
might never have existed. The implications of this suggestion 
will be presented in a later publication. 

This report resulted from research sponsored by the Academy 
of Sciences of the USSR; and by CLIMAP and the Office of 
Polar Programs of the US NSF. 


Received 8 December 1974; accepted 16 February 1977. 


1 CLIMAP Science 191, £131 (1976). 

2 Weertman, J. J. Glacial. 13, 3 (1974). 

3 Hughes, T. J. Geophys. Res. 78, 7884 (1973). 

4 Robin, G. deQ. Nature 253, 168 (1975). 

5 Thomas, R. H. Nature 259, 180 (1976), 

6 Hughes, T. ISCAP Bull. 4, Univ, of Maine, Orono (1975); Rev. Geophys. Space 

Phys. 15, 1 (1977), 

7 Denton, G. H. & Borns, H. W. Aart. J. U.S. 9, 167 (1974). 

8 Denton, G. H., Borns, H. W., Jr, Grosswald, M. G., Stuiver, M. & Nichols, 
R. L, Ant. J. U.S. BO, 160 (1975). 

® Hughes, T. Rev. Geophys. Space Phys. 13, 502 (1975). 

10 Hamilton, T. D. & Porter, S. C. Quaternary Res. $, 471 (1975). è 

1! Mercer, J. H. Palaeoxeogr. Palaeoclimatol. Palaeoecal. 8, 19 (1970). 

i2 Broecker, W. S. Science 188, 1116 (1975). 

13 Thompson, W. Trans. Geol. Soc. Glasgow 8, 322 (1888). 

14 Leffingwell, E. de k. U.S. Geol. Surv. Prof. Paper 109, 1 (1919). 

15 MacCarthy, G. R. Arctic 11, 70 (1958). } 

16 Ostenso, N. A. in Encyclopedia of Geomorphology (ed, Fairbridge, R.), 49-55, 
(Reinhold, New York). ° 

17 Drewry, D. J. Nature 256, 194 (1975). 

18 Apara J. T., Mears, A., Miller, G. H. & Pheasant, D. R. Nature 239, 147 
(1972). u 

19 Craig, B. G. & Fyles, J. G. Geol. Surv. Can. Paper 60-10, i (1960). 

20 Crary, A. P. Arctic 13, 32 (1960). 

21 Ruddiman, W. F. & McIntyre, A. Quaternary Res. 3, 117 (1979). 

22 Dorrer, E. W., Hofmann, W, & Seufert, W. J. Glaciol. 8, 67 (1969). 

23 Kellogg, T, B. in Climate of the Arctic (eds Weller, G. & Bowling, S. A.) 336 
(University of Alaska, Fairbanks, 1975). 

24 Clark, D, L. Geol. Sec. Am. 82, 3313 (1971); ibid. 81, 3129 (1970). 

25 Hunkins, K., Bé, A. W. H., Opdyke, N. D. & Mathieu, G. in The Late Cenezoic 
ae Ages (ed. Turekian, K. K.) 215-237 (Yale University, New Haven, 
1974). 

26 Schwarzacher, W, & Hunkins, K. Geology of the Arctic 1, 666 (1961). 

27 eerie B.C. in The Quaternary (ed. Rankama, K.) 91-138 (Wiley-Interscience, 
1965), 

28 Holtedahl, O. Norges Geol. Linders. 208, Pl. 14 (1960). 

29 Marthinussen, M. Norges Geol. Unders. 345, 1 (1974). l 

30 Andersen, B. G. Norges Geol. Unders. 210, 1 (1960); ibid. 256, I (1968). 

31 Mangerud, J. Norsk Geogr. Tidsskr, 24, 121 (1970). 

32 Ashwell, I, Geogr. Annaler STA, 225 (1975). r 

33 Schytt, V., Hoppe, G., Blake, W., Jr. & Grosswald, M. G. Jat. Ass. Scient. 
Hydrol. Publ, 79, 207 (1968). , : 

34 Grosswald, M. G., Lavroy, A. S. & Potapenko, L. M. Data of Glaciol. Stud, 
C ontelo, Discussions, Publ. 24 (Academy of Sciences of the USSR), 173-191 
(1974). , 

35 Lundqvist, J. in The Quaternary (ed. Rankama, K.) 139-198 (Interscience, 
New York, 1965). ae 

36 Hoppe, G. Geographica Skrifter fran Uppsala Universitets Geofrafiska Institue 
tionen 20 (1948), 

37 Craig, B. G. & Fyles, J. G, Geol. Surv. Can, Paper 60-10, 1 (1960). 

38 Blake, W., Jr. Geof, Surv, Can. Paper 63-28, 1 (1963). 

39 Craig, B. G. Geol, Sury. Can. Paper 65--20, 1 (1965), 

40 Blake, W., Jr. Can. J. Earth Sci. 7, 634 (1970); in Climatic Change in Arctic Areas 
During the Last Ten-Thousand Years (eds Vasari, Y., Hyyarinin, H, & Hicks, S.) 
77~101 (University of Oulu, 1972). l 

4i Crane, H. R. & Griffen, J. B. Radiocarbon 2, 173 (1959). 

42 Blake, W., Jr. in Climatic Change in Arctic Areas During the Last Ten-T housand 
Years (eds Vasari, Y., Hyvarinen, H. & Hicks, S.) 77—101 (University of Oulu 
Press, 1972). 

43 Andrews, J. T. et al. (in the press}. 

44 Fillon, R. H. Nature 253, 429 (1975). , 

45 Mar. Sci. Branch Geol. Surv. Can. Paper Ser. Dept. of Energy, Mines and 
Resources (in the press). 

46 Blake, W., Jr Geol. Surv. Can. Paper 66-26, 1 (1966). 





Nature Vol. 266 14 April 4977 











DNA sequences coding for the H2B histone 
of Psammechinus miliaris 


M. L. Birnstiel*t, W. Schaffner*t & H. O. Smitht 


*Institut für Molekularbiologie II der Universität Zürich Winterthurerstr. 266A, 8057 Zürich, Switzerland. 
+The Johns Hopkins University, Department of Microbiology, 725 N. Wolfe Street, Baltimore, Maryland 21205. 
IMRC Laboratory of Molecular Biology, University Postgraduate Medical School, Hills Road, Cambridge, UK. 








Starting from restriction enzyme cleavage sites of known 
topologies the DNA sequences coding for two thirds of the 
H2B histone protein, together with some 3' extracistronic 
sequences, have bgen determined for the sea urchin Psamme- 
chinus miliaris. This weambiguously identifies this gene and 
further reveals its 5'-3’ polarity and accurate map position 
in a cloned histone DNA repeat unit. 





: * 
THE coding sequences of the five histone proteins are arranged? 
in the order H4, H2B, H3, H2A and H1 in a 5.6-6 kb DNA 
repeat unit? which is many hundred times répeated on the 
chromosomal DNA of Psammechinus miliaris*, the first species 
for which the exact gene order! and the direction of transcription* 
unravelled, It now seems that an identical gene arrangement is 
found for Strongylocentrotus histone DNA®®, while unpublished 
work from Hogness’ laboratory and our own (Jean Burckhardt) 
suggests that the histone genes in Drosophila are organised 
differently. Here we report the base sequence arrangement of two 
sections of the H2B coding sequence of the histone DNA 
isolated’ from the A-histone phage 2h22 with essentially three 
aims in mind. ° 
(1) To test the identification and map position of the H2B coding 
sequence, formerly obtained by hybridisation of the putative 
H2B mRNA to histone DNA”. 
(2) To verify the polarity of the H2B gene, dad hence of the gene 
cluster, as previously determined from a combination of 
resection with 5’ exonuclease and hybridisation with 


oo. individual mRNAs to histone DNA‘. 


` E 


(3) To confirm the accuracy of partial denaturation mapping of 
genes and spacers in the electron microscope?. 


Hind I 2 Hae II 
H4 H2B. 
Base 
pairs 80 440 





Fig. 1 Partial denatura- 
‘tion and restriction maps 
of histone DNA re- 
claimed from Ah22 re- 
combinants. a, Distribu- 
_ tion of spacers (double 
Tine) and histone mRNA 
coding sequences as de- 
termined in the electron 
-microscope*. b, Cleavage b 
sites for restriction 
enzymes Hind HI, Hae II, 
Hind II and Bgl i (see 
text). c, Cleavage sites for 
Hae lil. Fragments 2 and 


These studies will also enable us to gain new insights into the 


evolution of the H2B proteins and to assess the fidelity of « 


sequence conservation during maintenance and amplification of o 
histone DNA. cloned in a lambda vector. 
Sequencing procedures we — 
Both the sequencing techniqyes®’’ used for these experiments pir 
depend on the availability of restriction cleavage sites. as unique 
starting points for the actual sequence analysis. 

Figure la depicts the structural map of the Psammechinus 
histone gene cluster as it was compiled from biochemical! and 
electron microscopic? analyses. The histone DNA, reclaimed | 


from Ah22 accommodates five (possibly six; see below) cleavage 
sites for the restriction enzyme Hindli, as indicated on the map. ® | 


The fragments A, C and F produced by this treatment can be 
further cleaved asymmetrically by digestion of the DNA with- 
restriction enzymes Hae II and Bgl II (see Fig. 2). Two of these 
restriction fragments (fragments 2 and 4) terminate in close 


proximity. to one another in the DNA segment predicted to. 
contain the H2B sequences. The termini of these DNA fragments, __ 
with their well defined locations within the histone DNA provide | __ 
suitable starting points for the sequencing of the H2B gene. —__ 


Moreover, fragment B can be strand separated by gel electro- 
phoresis? and subjected to sequence analysis. | pee 
Histone DNA (25 ug), prepared from Ah22 recombinant DNA DHE 


by cleavage with HindIII followed by purification from ADHA |. 


by two cycles,of actinomycin CsCl density gradient centrifuga- 
tion!’ was digested with 50 units Hindi enzyme for 3.h in 50 pl. 

buffer containing 20 mM Tris-HCl, pH 7.8; 7 mM MgCl, 7mM 
mercaptoethanol. At the end of the incubation 1 pl BAP = 
(0.06 U) was added. Incubation was continued for 30-min at a 


3 Hind Ul 4 Bel IL 





4and 1’ and 4’ were used ; 
in the sequencing H 
experiments. : 
54 i | ERIAS cnn ui | Hae m 
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Fig. 2 Restriction fragments of cloned histone DNA h22. a, Electropherogramme of fragments produced after digestion of cloned histone 
DNA with Hae II, Hind IL and Bg! II. Electrophoresis was through a 4°% polyacrylamide gel in 90 mM Tris; 90 mM Borate, pH 8.3;2.5mM 
EDTA at% V cm~, The fragments refer to the DNA sections shown in Fig. 16. Fragments 2 and 4, labelled at onlY one of their termini with 
(y~-**P)-ATP were subjected to the sequencing technique of Gilbert and Maxam’. b, Hae IH restriction fragments of cloned histone DNA, 
Electrophoresis was as describedeabove. Fragments 1* and 4’ were recovered and annealed to strand separated yh22 DNA and served as 
primer for the ‘plus and minus’ technique*®. For strand separation of histone recombinant phage DNA the procedure of Szybalski® as 
modified by Lozeron (W. Barnes, Ph.D. thesis) was used. One mg purified 1 Sam-7 h22 (ref. 7) dissolved in 3 ml of 1 mM KH,PO,; 1 mM 
EDTA; pH 8.5; 0.1% sodium sarkosyl was mixed with 0.66 mg of poly (U, G) (Miles) and was denatured’for 3 min at 100 °C. After quick 
chilling, 60 ul of 50 mM Tris-HCI, pH 7.6 was added and the solution made up with CsC1 and water to a final vol of 16.8 ml and a density 
of 1.750 g ml ~. The solution was transferred to a polyallomer centrifuge tube which had been previously boiled in 0.1 M EDTA, pH 10 and 
was centrifuged at 32,000 r.p.m. for 60 h at 20 °C in a Ti60 rotor. 40 fractions were collected, and the distribution of the separate DNA strands 
monitored either by absorbance measurements or by analytical agarose gel electrophoresis. Fractions corresponding to the heavy and the 
light strand were individually pooled and dialysed against 5 mM Tris-HCI, pH 8. Poly (U, G) was removed by incubating the samples in 
0.5N NaOH at room temperature for 1 h. Tris-HC1 and HCI were added to an end concentration of 0.3 M NaC1;0.3 M Tris-HCI, pH 7.8 
and the strands were self-annealed at 65 °C for 1 h. The DNA was then precipitated by addition of ethanol and redissolved in 300 pl 10 mM 
Tris-HC1, pH 7.5; 0.5 mM EDTA and the solution at about 0.8 mg ml~ kept frozen. For one ‘plus and minus’ sequencing reaction, 10 pg 
of restriction fragment (about | pmol) was denatured in a boiling waterbath for 3 min, chilled in ice, mixed with about 8 ug of single 
stranded lambda DNA prepared as described above (about 0.5 pmol) and allowed to anneal at 67 °C for 1 hin 0.1 M NaCi; 20 mM Tris- 
HCI, pH 7.4: 10 mM MgCl, | mM mercaptoethanol. This material could then be used directly for elongation by DNA polymerase using 
the Sanger and Coulson technique”. 


37°C. The DNA was deproteinised by shaking with phenol and 
was recovered by precipitation with ethanol. After washing with 
ethanol, the DNA was redissolved in 100 u! kinase buffer (50 mM 
Tris-HCl, pH 9.5; 0.01 M MgCl,; 0.005 M DTT; 5°% glycerol) 
to which 10 yl of (a-P?*-)ATP (10 M; 1,000 Ci mmol ~+) made 
up according to the protocol of Gilbert and »Maxam’, and 
1 pl T, kinase (0.5 U) were added. After 15 min 2 volumes of 
2 M ammonium acetate were added and the DNA was precipi- 
tated with 21/2 volumes of ethanol. The DNA was recovered 
by centrifugation, dissolved in 100 pl 10 mM Tris-HCI, pH 7.8; 
1 mM EDTA and loaded on a 0.2 x 15 x 40-cm 4% polyacryl- 
amide gel made up in glycine buffer (30 ml NAOH; 30 g glycine 
made up to 2 1.). Electrophoresis was terminated when the 
unincorporated °*P appeared in a lower buffer compartment. 
The labelled DNA bands were located by autoradiography and 
cut out from the gel. 

The polyacrylamide gel revealed seven kinds of molecules 
rather than the five anticipated from the previous work!!. The 
two additional cleavage products were found in the low molecu- 
lar wetght range. One of these, B, bridges the gap between 
amino acid 85 and 104 of the H2B sequence and thus is made up 
from 62 base pairs (see below). The nature of the other small 
fragment, which was only poorly labelled, has not been deter- 
mined as yet. The two slowest moving components of the poly- 
acrylamide gels corresponding to fragments A and C of Fig. la 
were recovered, pooled and digested with Hae II. This treatment 
yielded four DNA molecules each labelled with **P at one of 


their ends. Fragments 2 and 4 (see Fig. la and 2) containing the, 


presumptive H2B DNA sequences were then subjected to the 
sequencing procedure of Gilbert and Maxam’. In addition, frag- 
ment B was recovered, denatured and strand separated by 
electrophoresis and the faster moving single strand sequenced’. 

For other sections of the histone DNA, the plus and minus 
method of Sanger and Coulson’ was used. This procedure is 
- based on elongation by DNA polymerase of unique primer DNA 


fragments hybridised to a single stranded template DNA. The 
availability of histone DNA cloned both in lambda’ and in 
pCRI plasmid?* proved to be very advantageous for this work. 
Template was obtained in preparative amounts by, strand 
separation of histone recombinant DNA with poly(U, G) in a 
CsCl density gradient according to the protocol of Szybalski 
et al., Primer fragments were prepared by restriction of total 
recombinant pCRI h7 DNA and fractionation of the products. 
by preparative polyacrylamide gel electrophoresis. This com- 
bination of template and primer DNA each obtained using 
different vectors eliminated any possible vector DNA bagk- 
ground during sequencing. 

For the preparation of primer DNA, 600 ug of the recombi- 
nant plasmid pCRI (Pm histone) 7 DNA”? were cleaved with 
Haelll restriction endonuclease (a gift of Dr Nigel Brown) and 
the resulting fragments were fractionated on a 0.3 x 20 x 45 cm, 
5%, polyacrylamide slab gel®. Then 2 ug of reclaimed 6kb 
Psammechinus histone repeat, digested with Hae III, were run 
in parallel slots in order to identify the histone-specific DNA 
fragments. The gel was immersed for Ih in electrophoresis 
buffer containing ethidium bromide 0.5 ug ml ~. Histone DNA 
fragments were excised under ultraviolet light. The DNA was 
recovered by electrophoresis into a dialysis bag, taken up in 
0.3M sodium acetate, pH 7, mixed with 21/2 volumes of 
ethanol, kept at —20 °C overnight and spun down in a SW50 
rotor at 45000 r.p.m. for 1 h at 4 °C. The DNA fragments were 
redissolved in 200 ul 10 mM Tris-HCl, pH 7.5; 0.5 mM EDTA 
and kept frozen until use. 

The Hae II fragments have been mapped (see ref. 11, and 
Figs 1c and 2). The largest of these (1^) includes the spacer 
between the H2B and the H3 gene and part of the latter. This 
DNA section and 9 other Hae III DNA fragments were isolated 
(see above) and on denaturation were individually annealed 
to either the light or the heavy strand of 4h22 DNA known to 
contain the coding and the anti-coding sequence of the histone 
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Fig.3 DNA sequences of H2B histone protein. Protein sequence of H2B of Parechinus (top line, ref, F5) of calf thymus (bottom line, 
ref. 16); middle line—DNA and protein sequences of the H2B of Psammechinus. Amino acids in Psammechinus which differ from either of 
the other two species are marked with asterisks. Ambiguities in either DNA or protein sequences are denoted by brackets. The restriction 


cleavage sites relevant to the present work are boxed. 





mRNAs, respectively (see Fig. 2 legend). After base sequence 
analysis, the DNA sequences were gonverted into amino acid 
sequences using all three possible reading frames and compared 
with the known amino acid sequences of the histone proteins by 
computer. Sequences pertainifg to the H2B were identified by 
comparison with the known H2B protein sequence of the sea 
urchin Parechinus, detérmined by Strickland and von Holt". 


Partial sequence of the 


H2B gene of Psammechinus 

The H2B protein from the sperm of the sea urchin Parechinus 
contains 143 amino acids'®, Comparison with the calf thymus 
protein revealed" that the Parechinus sperm protein is larger by 
17 amino acids, with the additional peptide sequences appear- 
ing, in the main, at the N-terminal end of the molecule. The 
DNA sequences obtained from the base sequence analysis of the 
Psammechinus histone DNA were converted into amino acid 
sequences and recorded in Fig. 3 so as to yield maximal sequence 
homology with the H2B protein of Parechinus (top line) and calf 
thymus (bottom line), respectively. The numbering of the amino 
acids of the Psammechinus protein was made to conform with 
that of Parechinus. Starting at the 5’ terminus of fragment 2 
(Fig. 1) the Gilbert and Maxam procedure yielded abut 75 bases 
of the coding sequence, from approximately amino acid 84 to 
amino acid 60. Starting from the labelled HindII site of fragment 
4 a sequence of 80 nucleotides was obtained, representing the anti- 
coding sequence ranging from amino acid 107 up to 131 of the 
H2B protein. In this experiment, the first two or three bases were 
lost from the analysis so that the known sequence started at Val 
(position 107). The position of the Hindll cleavage site may be 
predicted from the amino acid sequence of the protein, as 
indicated in Fig. 3. The fast-moving single strand of B yielded 
the coding sequences for codons 104 to 90, leaving a gap of a few 
amino acids unaccounted for. 

Comparison of the H2B amino acid sequences and the DNA 
sequence obtained from hybridisation of one of the smaller 
Hae 111 fragments (indicated in Fig. 1c as a bold line) to the light 
strand of 4h22 DNA and subsequent sequence analysis using the 
plus and minus method” showed that this section contained the 
missing DNA sequente between amino acid positions 85 and 90. 
The first readable codon specified Ser in position 82 and could 
be extended up to amino acid 91. Here too, there was a small 
overlap in DNA sequence in both sets of experiments. From the 
position of the first readable codon 82 on the electrophoretic 
gel relative to the dye marker it was predicted that the Hae IH 
sequence which had served as a primer for strand extension, was 
to be found some 18 base pairs to the left of codon 82. As can be 
seen from the first set of data, it lies at the predicted point 
between Arg 75 and Ala 76. 

From the mapping experiments (Fig. Ic) it was also predicted 
that the large Hae III fragment used in these experiments en- 
compasses most of the spacer region between the H2B and H3 
gene, with a Hae IH site just to the right of the former. Strand 
extension starting from the fragment annealed to the heavy 
1h22 strand was expected to include the coding sequence of the 
C-terminal end of the H2B protein. Comparison of the DNA 
and pfotein sequences has confirmed this. The sequence con- 
tains, in addition to a short stretch of DNA, pre8umably coding 
for an untranslated region of the H2B mRNA, about 45 readable 
bases extending to His 127. Here again there is a small overlap 
of 15 bases with the previous*set of data. Our data then, 
covering the proteins sequences from amino acid 60 to 143 
provide an unequivocal identification of the H2B gene con- 
firming our results previously obtained by the classical methods 


of mRNA translation in vitro and RNA-DNA hybridisation’. e 


A small number of ambiguities in the DNA sequences and 
hence in the amino acid assignments remain. These have been 
noted in Fig. 3. 

Polarity and map position 

_ of the H2B coding sequence 

- The positions of the Hind and the Hae II cleavage sites have 
been determined independently from overlaps found in complete 
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digests using a variety of restriction enz$mes or by our partial 
enzyme digestion procedure (Fig. 1). In, these-experiments it was 
established that fragment A is cleaved asymmetrically by Hae H 
so that the terminus on the left of the map becomes associated 
with the small DNA fragment 1 and the other terminus with 
fragment 2. Moving from the 32P-labelled 5’ end of fragment 2 
towards the left (Fig. la), a partial sequence of the H2B coding 
sequence was obtained. In turn, the *?P-labelled 5° terminus of 
fragment 4 yielded the anti-coding sequence of the H2B from 
amino acid 107 to 131. Also, Hae IT fragment annealed to the 
light and another small fragment annealed to the heavy Ah22 
DNA yielded upon extension of the 3° termini with polymerase 
anti-coding and coding sequences of the H2B, respectively. 
Together, these experiments prove unequivocally that the lower 
strand (Fig. 1b and c) includes the coding sequence and hence 
these experiments confirm that transcription of H2B is from the 
left to right of the map-—~as shown for the histone DNA repeat 
unit by exonuclease experiments’. ° 

The present work can also be used to place the H2B coding 
sequence accurately in the partial denaturation map of cloned 
histone DNA. Electron microscope mapping studies revealed 
that the HindII enzyme cleaves the double-stranded DNA region 
presumed to represent the H2B gene? in the right half of that 
DNA segment. Our present work shows that there are in fact 
two Hindli sites in close proximity to one another at positions 85 
and 105, about two thirds of the way along the H2B sequence. 
The Hae I Ates predicted to lie in the same area (see Fig. Ic) 
have now been mapped, by sequencing, near Ala 76 and 125, 
respectively. It should be mentioned, that the largest Hae Ill 
fragment has been shown, by sequence analysis, to extend into 
the H3 coding sequences to the right. Furthermore, the N- 
terminal end of the H2A coding sequence has been located using 
another Hae IH fragment of known map position, so that this 
coding sequence also has been identified and mapped unequivo- 
cally within the cloned histone DNA of Psammechinus W. S. and 
M. B., unpublished), Our sequencing data therfore confirm our 
previous assignments of genes!’ as well as their positions in 
relation to spacer DNA2. Nothing can as yet be said about the 
extracistronic sequences since they show no homologies to 
known untranslated mRNA sequences. 


Evolution of the H2B protein sequences 


The available DNA sequences define about two thirds of the 
amino acid moieties of the H2B protein of Psammechinus. There 
is extensive sequence homology with both the calf thymus and 
the sea urchin Paraechinus H2B protein, especially near the C 
terminus. This is in keeping with the general tenet that histones 
are conservative in evolution. There are some disparitits, 
however. Thus position 78 and 100 are different in all three 
proteins. Two substitutions Arg*>Lys occur in positions 75 and 
143. Val in position 142 apparently is different from the Ser in 
either of the two other proteins. There is a whole series of inter- 
changes involving Val<slle. It should be noted that, with two 
exceptions, all amjno acid substitutions are conservative and 
must therefore be the result of natural selection acting at the 
level of protein sequence within the living animal. This suggests 
that the change we observe reflects the evolution of the H2B 
sequences within the sea urchin rather than a randomisation 
process which might have occurred during cloning and amplifi- 
cation of the histone DNA in a lambda vector, and further 
supports the hypothesis that the cloned histone DNA has 
remained essentially unaltered after passage through E. coli. 

We have asked whether the frequent substitutions Val<-llie 
could be neutral mutations occurring by a random process. In 
this context it is pertinent to note that the codons in region 62, 
66, 72, 79, 84, 87, 91, 107 and 112 are such thaj interconversion 
of these two amino acids could occur by substitution of a single 
base GA. If the appearance of A or G in the first position was 
determined purely by chance, there would be a 1 : 8 probability 
of finding only Val at a given position in all three species, a 
1: 8 chance of finding only Ile and a 6 : 8 probability of finding 
a mixture of the two. In the nine instances cited above the 
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frequency of occurrenee of Val only, Ile only or Val and Ile 
mixed at a given site in the three species are 3:9, 2:9 and 4:9, 
respectively. These ratios are distinctly different from those 
expected from a stochastic process and the appearance, in many 
instances, of Val only, or Ile only, must be the result of natural 
selection at the protein level. 

Considering only amino acids which have been unequivocally 
identified, the known sequence of Psammechinus differs from 
thdt of Parechinus in overall nine moieties, but only in seven 
from calf thymus H2B; while the work of the von Holt group™ 
has shown the calf thymus and Parechinus sperm H2B to differ 
in 11 amino acids within the sequences delimited by the present 
work. The known Psammeéchinus H2B sequences are more like 
those of calf thymus H2B than those of Parechinus sperm. Now, 
the H2B histones of sea urchins are a diverse class of proteins 
giving rise to variants!’ which are often associated with tissue- 
specific gene expression. Interestingly, H2B proteins isolated 
from Parechinus embryos ate more like calf thymus H2B (von 
Holt, personal communication) and so it is possibile that the 
histone DNA cloné we are analysing is derived from those gene 
units which would normally have been active during early stages 
of sea urchin development. 
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letters to nature 


A galactic vacuum cleaner? 


A REMARKABLE feature of the distributions of CO, H., HI, HII 
and du&t in the Galaxy is that their most dense regions form a 
broad ring-like structure surrounding the galactic centre, along 
with a dense nuclear disk located at the centre’~*. Between 
the ring and the nuclear disk there exists a region of very low 
* density. The radius of the nuclear disk is approximately 600 pe, 
and the ring extends from an inner radius of 2-4 kpe out to a 
radius greater than 15 kpc for HI, but to only 8-10 kpc for the 
interstellar components expected to be generated by spiral 
shocks (namely CO, H, and HH). We point out here that this 
structure is a possible consequence of a postulated stellar bar 
at the centre of the galaxy. 

The difference between the HI ring and that of the other 
components can be explained in terms of the radial variation of 
the spiral shock strength, and this idea forms the basis of 
Stecker’s recent proposal for modifying the ‘galactic population 
classes®, The shock strength is an increasing’ function of the 
component of the gas velocity perpendicular to the assumed 
spiral stellar potential, namely r(Q-Q,) sini, where r is the 
galactocentric radius, Q and QO, are the angular velocities of 
the gas and spiral pattern respectively, and / is the spiral pitch 
angle. One way in which the shock strength could decrease to 
zero at 8-10 kpc, and hence explain the confinement of CO, 
H, and HH to within that radius, is for corotation (Q = Q,) 
to occur at around 10 kpc. This would require O,= 25 (kms~) 
kpc™! on the basis of the Schmidt model, and some support 
for such a value for Q, comes from the shape of the HI line 
profile in the direction of the anticentre®, 

Shu’ has suggested an explanation for the absence of HII 
regions in the 600 pc-3 kpc region assuming that the inner 
Lindblad resonance occurs at about 3 kpc. Standard spiral 
density wave theory predicts that there should be no stellar 
density wave inside this radius, and therefore no shocks to 


present considerations. are concerned is that they induce 


produce the HII regions and so on. But although this could 
explain the deficiency of shock-generated species it does not 
explain why all the interstellar material i¢ deficient there. 

Here we propose an alternative explanation for the dis- 
tribution of interstellar matter in the central region on the basis 
of a hypothetieal stellar bar situated at the centre of the Galaxy. 
Sorensen, Matsuda and Fujimoto? have computed the flow of 
gas in barred spiral galaxies, assuming a specified potential due 
to the stellar bar plus a stellar disk, and neglecting the self 
gravity of the gas. The results of these calculations show that - 
two pairs of shocks are formed. One pair are straight, almost 
radial shocks situated on the leading side of the bar (B in 
Fig. 1), and the other pair are trailingespiral shocks originating 
near the bar-gas corotation points (S in Fig. 1). The S shocks 
can be identified with the trailing spiral arms in barred galaxies, 


while the B shocks are sometimes observed as straight, bi; 


symmetric dark lanes within the stellar bar’. 
The most important aspect of the B shocks as far as the. 


strong inflow of gas, so that almost all the gas orfginally 
occupying the* region within the corotation points is swept 
into a dense nucleus at the centre of the bar. The physical 
reason for this is that the gas plunges into the B shocks almost 
at normal incidence leading to a very strong shock (in contrast 
to the weaker shocks in ordinary spirals with oblique incidence). 
The gas loses both angular momentum and energy (by radiation), 
and consequently falls towards the centre after the shock, 


è slowly spiralling inwards as it successively traverses the shocks. 


The gas flow through the S shocks is more complicated with 
infall produced in the inner part of the shock while outside 
the corotation point the gas gains angular momentum in 
passing through the shock density peak and spirals outwards, 
although much more slowly than the infalleproduced by the 
B shocks due to the higher obliquity of incidence. In this 
manner the stellar bar acts as a ‘vacuum cleaner’ sweeping gas 


+ 
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Fig. 1 Schematic diagram of the circulation of gas in a barred 
galaxy from the calculations of Sorensen, Matsuda and 
Fujimoto®. Arrows represent the velocity of the gas in direction 
and maggitude in the rest frame of the bar, the density peaks 
“produced by the shocks are shown by the broken lines, and the 
| crosses represent the bar~gas co-rotation, poipts, 
+ 


and dust away from the corotation region. Observations? 
of HI in barred spirals support this result in that a dense nucleus 
is observed at the centre of the bar along with an extended 
ring coincident with and extending beyond the optical spiral 
arms. 

A small central bar at the cenfte of ordinarily spiral galaxies 
has been previously proposed in a few contexts. Mishurov and 
Suchkov™ have suggested that spiral density waves may be 
excited by a rotating central bar, while Contopoulos’* has 
shown from the calculation of stellar orbits that a gravitation- 
ally self-consistent bar can be obtained inside the inner 
Lindbald resonance. From the observational viewpoint 
attempts!® have been made to explain the radial motions of HI 
at the galactic centre in terms of elliptic orbits which could 
possibly be induced by a bar. Observations of Cohen and 
Davies are not inconsistent with this explanation of the radial 
motions, and furthermore the geometry of the HI features 
which they have obtained are highly suggestive of a stellar bar 
in that their features Ia and XIVa would cofrespond to the 
B shocks, while features XII and I would correspond to the 
S shocks. If the steep drop in the interstellar densities at 
2-4 kpc represents the outer extent of the in-sweeping effect 
of a bar then the corotation point of the gas with respect to 
the bar should occur at approximately this radius. This is in 
reasonable agreement with the extent of features Ha and XIVa, 
which should lie within the corotation points, and in fact extend 
out to 2 kpc. 

If the bar corotates with the spiral wave pattern in the outer 
part of the Galaxy at say 25 (kms~*) kpc ™ then we would require 
a deep minimum in the rotational velocity of the gas somewhere 
in the region of 2 kpc from the centre in order to have a bar~gas 
corotation point there. This is inconsistent with the Rougoor— 
Oort rotation curve’; however the presence of strong radial 
motions in the central part of the Galaxy must make the 
definition and evaluation of the rotational velocity there 
uncertain, and the rotational vglocities of some of the central 
features obtained by Cohen and Davies suggest at least the 
possibility of a deep minimum between 1 and 2 kpc. Such a 
rotational velocity minimum is observed in M31 (ref. 16), 
and it is noteworthy that a ring-like distribution plus a dense 
central nucleus for interstellar material in M31 is indicated 
by the combined HI and radio continuum observations. 

On the other hand it is not obvious that the bar needs to 
co-rotate with the spiral pattern; the two may be dynamically 
independent with the bar rotating more rapidly than the 
spirals. A bar~gds co-rotation point could then be obtained at a 
radius of say 2 kpc even with the Rougoor—Oort rotation 

‘curve, For example, in the central part of NGC4314 tiny 
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spirals appear which seem to be independent of the grand 
design’. : E 

In summary the presence of a small bar at the centre of our 
galaxy could provide a single explanation for three puzzling 
aspecés of galactic structure, namely the strong central radial 
motions, HI features [Ila and XIVa, and the region between 
600 pc and 2-4 kpc deficient in interstellar matter. We can 
estimate the mass of the bar under the assumption that it is the 
most massive constituent within the hypothetical bar—gas 
co-rotation point at approximately 2 kpc. This leads to a value 
less than a tenth that of the total galatic mass, which should be 
compared with the situation in normal barred spirals where the 
mass of the bar is probably a much more substantial fraction 
of the total mass. 

This work was supported in part by the SRC. T. M. thanks 
Professor N. C. Wickramasinghe for hospitality. . 
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Mass distribution of 


massive meteoroids determined : 
by occurrence of brilliant fireballs 





DETERMINATION of the mass distribution function of bodies is of 
prime importance for an understanding of the evolutionary" 
processes that determine the population of the Solar System. 
We report here a method for measuring mass distribution of 
meteoroids, by determining the occurrence frequency of very 
brilliant fireballs. In a certain mass regime the number distribu- 
tion can be described by a power law 


dn = (const. m~ dm 


where dz is the number of particles having a mass between m 
and m+dm and s is the mass distribution index. s is a slowly 
varying function of mass, and values of s have been well estab- 
lished for meteoroid particles 1071? < m< 10 g by various tech- 
niques, and reasonable estimates are available for large bodies 
mz 10° g (meteorites and asteroids). There is, however, a lack of 
information in the mass range 10'<m< 10° g corresponding’ 
to meteoroids which yield meteors of visual magnitude 
--2> M,Z — 12ranging from bright visual objects to very brilliant 
fireballs (the term fireball generally refers to any meteor brighter 
than Venus, M,~ ~4). The problem is one of sampling: while 
meteor (radar, visual, optical) counts over periods of hours at a 
single station are suitable for estimates of s for mSlg 
(M,2 0), such a procedure yields a prohibitively low count for 
larger objects. This difficulty would be overcome by observing 
over a large area of the Earth’s surface for many years. We 
determine here the occurrence frequency of very brilliant fire- 
balls, as a method of s measurement. A fireball of magnitude 
equal to that of the full Moon is an outstanding spectacle likely 






se. 
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to be well reported itt an area with a high population density. 


With good communigations and active research groups 
analysing reports and recording data, a reliable estimate of the 
influx of such large objects could be secured. In the British Isles, 
extensive records of fireball events covering more than 40yr, are 
available*-*. Most observers’ estimates were based on the great 
illumination produced on the landscape or inside buildings, and 
the personnel analysing the reports were experienced workers in 
the field. A detailed examination of the reports reveals a 
consistent rate of about two lunar fireballs (apparent visual 
magnitude equal to or brighter than that of the full Moon) seen 
in the British Isles per year. Specifically, in the period 1900-36 
the average occurrence frequency was 2.4 yr". This frequency can 
be compared with that of visual meteors to obtain an estimate 
of s. + 

- Assuming that meteor luminosity is proportional to pre-entry 
meteoroid mass, m, the cumulative flux N of méteors having 
magnitudes equal to or lêss than absolute magnitude, M is 
given by 

logio = (const.)—((s— 1)/2.51)M 
+ e = 

For a single observer the average rate of sporadic meteors 
M,<0 is 0.86 h“ (ref. 1), and as s is known‘ to be close to 2.35 
for --4<M,< —2, the cumulative rate for M,< —2 is 7.34 
107? h~}. Estimating the surface area viewed from the British 
Isles as 4x 10° km?, then with an area of 1.16 10° km? under 
surveillance by a single observert, the average rate for the 
geographical area is 2.52 x 107! h~t, 

Of the lunar fireballs during the 36-yr period, 85°% were 
observed between 1800 and 0200 ur, with 50° occurring 2000- 
2300 uT (reflecting an observation bias rather than any true 
variation). The effective observing period is close to 8h d7?: 
also for this period the visual sporadic rate is close to the diurnal 
mean value. Although clear skies are not necessary for the 
detection of such brilliant objects, detection conditions depend 
upon the prevailing cloud type. If a cloud cover of <7/10 is 
required for detection, however, the percentage time available 
in the British Isles isë about 40°. Hence the average lunar fire- 
ball occurrence frequency becomes 2.05 x 107? h~, As the height 
of maximum luminosity is lower for brighter meteors, the 
apparent magnitude M,~ — 12 of a lunar fireball needs correc- 
tion. From the beginning and end heights of lunar fireballs, 
and noting that the maximum luminosity for bright objects 
occurs about three-quarters of the way along the trail’, a mean 
height of 60km is found. The absolute visual magnitude 
(referred to a standard height of 100 km) is therefore M, ~ —11. 
This implies that the observed fireballs are nine stellar 
magnitudes brighter than meteors of M, = —2. 

If meteors which differ in absolute magnitude by AM have 
occurrence frequencies of N, and N,, then 


s = 1+(2.51/AM) logi NNa) 


leading to s = 1.58, The reported mean annual lunar fireball 
rate of 2.4 showed no systematic variation over the 36-yr period, 
and it seems unlikely that this value would have an uncertainty 
exceeding 50%. With independent sightings of a large number 
of fireballs, systematic magnitude errors would not be expected, 
and it is not unreasonable to assign an uncertainty in AM of 
+1 mag. The estimate of the mass distribution index, s, is thus 
quite good: the uncertainty in N, leads to an error of 0.05 in 5, 
and the uncertainty in AM implies an eror of 0.06. We conclude 
that s = 1.58 +0.08. The observed fireball rate is incompatible 
with large values of s suggested by some authors: a value of 
s$ = 2.34 appropriate to visual meteors implies only one lunar 
fireball sightingein the British Isles every 200 yr. 
W. J. BAGGALEY 

Physics Department, 
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Gravitational radiation 
from freely-falling bodies 






THE problem of determining the gravitational radiation : 
freely-falling bodies is almost as old as general relativity itse 
Investigators have deduced an energy loss, an energy gain and no 
radiation at all’. Although Eddington? foresaw the difficulties 
half century ago, many now believe that the Einstein quad- 
rupole formula correctly describes the rate of energy loss? _ 
Cooperstock initiated a new approach to the problem by con- © 
sidering two bodies in an initially static configuration by virtue 
of an intervening strut‘. The strut was severed and the dynamical _ 
perturbation to the gravitational field was analysed, During the _ 
stress-breaking period, the radiated energy loss agreed with the _ : 
quadrupole formula. During free fall, however, the model with — 
two point masses proved inadequate and an interior metric was 
required. Even then, there were indications of a breakdown of the z 
quadrupole formula and a much larger energy flux, A model of — 
realistic sources has now been constructed and the previous 
indications have been realised. The free-fall energy loss rate 
exceeds that which would be anticipated by the quadrupole 
formula by a factor of (a/p.)*, where pe is the characteristic e 
size of the bodies and 2a is théir separation. : 
The model is chosen to consist of two perfect fluid spheres of 
radius pọ with thin retaining skins. If the zero order density and 
pressure are 


a) 


then the metric within the spheres and strut can be expressed ine 
the formë 


"s = constant, °P = 0 


D 


where u is of order G?. From the Einstein field equations, it 
follows that ¥ and y are of the order G and G?, respectively, in 
the sources, as they are in vacuum. The field equations imply 
that v satisfies the Poisson equation 


ds? = etVdr?— e20 -V (dr? dz?) — ret" -vdo? 


V ?v = 4nGT;! QB) 
From equations (1) and (3) and the conservation laws 
T';4 =0 (O 


the first order static pressure is found. ud 
In a short time interval, counterstresses are applied to rè- 
move the supporting strut and envelopes, and free fall begins. 
The metric is then described as a second and third orger per- 
turbation of the background metric (equation (2)). The second p 
order dynamic metric is found to have the required continuity 
and to be singularity-free only when the complementary 
phenomena of stress-breaking in the strut, pressure variation. a 
in the bodies and the ensuing free-fall motion are properly 
synthesised. Using the field equations, it is possible to express 
one of the elements b’ of the third order pertubation in an ~ 
inhomogeneous wave equation with the first and second order 











This lengthy equation may be expressed symbolically in the 
form ae 


(5) 


where (F) represents terms which are linear in components of the 
energy-momentum tensor and (v)(b) represents the nonlinear 


Db = +O) 


+ 











terms which are functions of products of the first-order back- 
ground metric and the second-order dynamic perturbation. 

It was shown! that the source terms above which neglect non- 
© jinearities, yield precisely the energy flux of the quadrupole 
- formula. For free fall, attentien must also be focused on the 
remaining nonlinear contributions to b’. The analysis of the 
contributions from the many source terms is very lengthy and 
difficult and will be fully delineated in another publication®. 
As anticipated’, certain parts of the source for b” combine 
to give the dominant asymptotic contribution 


G3 mn? 


, (t— p 
he ieee: Seem 
O99? p 


where p is the radial coordinate. This yields a gravitational 
energy flux 
dE Gm® 


rae ae, | 
dr > aipat 





(t— p} 


during the early stages of free fall. S” 

Unlike electrodynamics, the fadiated energy is dependent 
upon the structure of the sources. This is not surprising because 
of the important role of nonlinearities which are absent in 
electrodynamics. Indeed, it was shown‘ that the linear terms 
alone imply a structure-independent radiation. 

For a given separation and mass, the flux increases with 
diminishing size pe. This is understandable because of the 
increased background field intensity, which contributes through 
the nonlinearities to the radiation. It is to be emphasised that the 
expression for the flux loses its validity if pẹ is allowed to become 
so small as to violate the weak-field condition. 

The harmonic coordinate condition, which has caused others 
difficulty for asymptotic calculations, has not been employed. 
Moreover, the problem of avoiding the intrusion of incoming 
radiation is solved by the development from an initially static 
configuration, 

The usual derivation of the quadrupole formula treats the 
retarded integrals as for compact sources in electrodynamics. 
Moreover, various surface integrals containing the energy- 
momentum pseudotensor are discarded on application of the 
Gauss theorem. These procedures are justified bOth in electro- 
dynamics for compact sources and in general relativity when the 
compact sources dominate the field sources. During free fall, 
however, the field sources are of the same order as the compact 
sources and the analysis leading to the quadrupole formula is 
inapplicable. 

This work was supported by grants from the National 
Research Council of Canada and the University of Victoria. 
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Stable photoelectrochemical 
cells for the splitting of water 


FoLLOWING Fujishima and Honda’s suggestion of water photo- 


=< Jysis by a photoelectrochemical cell’, no stable cell has been 


reported (but compare refs 2, 3) capable of water decomposition 
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Fig. 1 Photocurrent-potential curves of semiconductor electrodes 

against Pt in | M NaOH, 25 °C. a, n-SrTiO,; b, n-TiO2; ¢, p- 

CdTe; d, p-GaP. Potential sweep rate: 10 mV s~. Areas: 

n-TiO,, p~CdTe and p-GaP, 0.0491 cm?, n-SrTiO;, 0.0594 cm?, 
0.05 W cm ~?. 


without the application of either an external bias or a pH 
gradient. The main problems have been to find stable anodes 
and cathodes with sufficiently negative and positive critical 
photopotentials, respectively, so that they may be suitably 
combined in a self-driving photo cell producing hydrogen and 
oxygen from water. We report here that the anodes n-TiO, and 
n-SrTiO, and the cathodes p-CdTe and p-GaP can be combined 
to form four separate stable self-driven cells: n-TiO,—p-CdTe, 
n-TiO,-p-GaP, n-SrTiO,-p-CdTe and n-SrTiO,-p-GaP capable 
of water photoelectrolysis. 

TiO, (001 face) and SrTiO, polished single crystals were ° 
reduced in H, at 800 and 900 °C for 5 and 3 h, respectively, to 
form low-resistance n-type crystals. Ohmic contacts to both 


* 


Fig. 2 Cell voltage-time curves of self-driven electrochemical 

hydrogen producers. a, SrTiO,-GaP; b, SrTiO,-CdTe; c, 

TiO,-GaP; d, TiO,-CdTe. External resistance 1 kQ. Areas: 

n-TiO,, p-CdTe and p-GaP, 0.0491 cm?, n-SrTiO,, 0.0594 cm? 
in 1 M NaOH, light intensity 0.05 W cm~?, 25 °C. 


Cell voltage (mV) 
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crystals were obtained b soldering indium on to the crystals. 
An ohmic contact to a p-CdTe (undoped; 110 face) was formed 
by depositing gold on a'silver diffused layer. An ohmic contact 
to p-GaP (Zn doped; 100 face) was formed by soldering an 
In~Zn alloy on to the back of the crystal. The crystals were 
positioned in Teflon holders and fixed with epoxy resin. 

Each pair of electrodes was positioned in adjacent compart- 
ments of an electrochemical cell with a water jacket. The light 
from a 900"W xenon lamp was split equally with front 
surface mirrors of evaporated aluminium film on glass plates 
and used to irradiate each electrode. 

The photocurrent—potential curves of the four electrodes in 
1 M NaOH, light intensit¥ 0.05 W cm~? at 25 °C are shown in 
Fig. 1. The two n-type electrodes 2-TiO, and n-SrTiO, can be 
combined with bofh p-CdTe and p-GaP to form self-driving 
photpelectrolysis cells. 

The stabilities of the cells were determined by measuring the 
cell voltage as a function of time with an external resistance of 
1kQ (Fig. 2). The cell voltage in each case after reaching a 
steady-state value’ after some 3h was still stable after 12h, 
although éhere were somè fluctuations due to instability in the 
light source. Some electrodes were used satisfactorily for a total 
of 50h in various cells. 

The chemical output power of each cell (Fig. 3) was calculated 
from the maximum cathodic cufrent densities based on the free 
energy change of Hy) to H:O, that is, 1.23 (V) i, where i is 
the cathodic current density. è 
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Fig. 3 Maximum cathodic current densities of self-driven electro- 
chemical hydrogen producers and their chemical output power 
densities based on the free energy change of Hag) to HOn, 
that is expressed as 1,23(V) x i, where / is the current density. 
a, SrTiO ,-GaP; b, SrTiO s-CdTe; c, TiO,-GaP; d, TiO,-CdTe. 
Areas: n-TiO,, p-CdTe and p-GaP, 0.0491 emê, n-SrTiO s, 
0.0594 cm*. 1 M NaOH, light intensity 0.05 W om, 25°C. 


-The efficiencies of the cells in xenon light were calculated and 
are listed in Table 1. The efficiencies are still too low to be of 
practical applicability, but the difficulty is caused by the large 
energy gaps of the photo-anodes n-TiO, (3.0 eV) and n-SrTiO, 
(3.8 eV). From the energy gaps of p-GaP (2.25 eV) and p-CdTe 
(1.5 eV), it is possible to estimate that these electrodes can use 
up to 2 and 13% of the solar spectrum, respectively. 
= Thus, the major problem if this method is to be considered as 
‘a contender for a method of H, production is to find a stable 
anode (Es 1.0-1.8 eV) with a critical photopotential such that 
it can be efficiently combined with p-CdTe in a self-driving 
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Table 1 Efficiencies of cells in xenon light* a 
Cellt ; Efficiency in xenon ight a 
i CA) 
n-TiO,-p-CdTe ° 0.044 
n-TiO.~p-GaP 0,098 
n-SrTiO ,~-p-CdTe ` 0.18 
n-SrTiOrp-GaP i 









*Conditions: 1 M NaOH, 25 °C, light intensity. 0. 0s: 
“ dod cm.” areas: n-TiO,, p-CdTe, p-GaP, 0.0491 cm}; ve 
4 emê 


hydrogsh producer. The present results do not preclude 
development of cells with an efficiency of > 7 °%. Soe 
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Crystal and molecular structure 
of a ‘hexa-host’ inclusion compound 


WE recently suggested’, and found experimental support fort? 
a totally new concept for the design of inclusion compounds. 
Using this désign concept we prepared a series of host com- © 
pounds based on a hexa-substituted benzene ring (D), and we 
now report the results of the first X-ray structural study on one = 
of these compounds. 


Y SPh 
Y Y “i 
Q n 
Yo SPh 
(I) (IL) 










The rbon jettachiGride adduct of hexa-phieuiytthitetie y 
(II) is trigonal with a unit cell (a==14.263; c=20.717°A) con- 
taining three "molecules of CysHa Ss. A host-guest _ (carbon 
tetrachloride) ratio of 1 :2 was found by microanalysis. R 
chlorine. The space group js either R3 or R3 (ref. 3), th 
centrosymmetric space group (R3) was chosen and this che 
has been justified by the success of the subsequent analy 
structure was solved by direct methods using 2071 ini 
reflections measured with Mo—Ka radiation on a Hil, 
automatic diffractometer (using a Lindemann capill l 
crystal containment), and refined to a final R value of 0 055. 
the hydrogen atoms have been located and allowed for, as have - 
the guest molecules. Full details of the structural analysis will 
be published elsewhere. ae: 

Figure 1 shows a general view of the host molecule. It is 
centred on a point of 3 symmetry; thus the crystallographically 
equivalent ‘legs’ of the molecule point alternately above and 








612 . 





Fig. 1 An ORTEP drawing showing a general view of the 

molecular structure of host molecule (I) in the crystal of the 

CCl, clathrate. (The hydrogen atoms are not shown). Bar 
represents 3 A. 


below the plane of the central benzene ring. The relative 
orientation of the central and side-chain aromatic rings may be 
appreciated by a consideration of the torsion angles C(I *) CU) 
§(2)-C(3) and C(1)-S(2)-C(3)-C(4), which are 56° and 28° 
respectively. 

Figure 2 illustrates the host-guest packing arrangement in 
the crystal; the two host molecules which complete the cage 
(which lie above and below the cavity as reviewed in the direc- 


* 
Fig. 2 An illustration of the host~guest packing in the crystal 
of the CCI, clathrate of (ID, as viewed on to the ac plane. Two 
host molecules which lie above and below the cavity as viewed in 
this direction have been excluded to show the guest molecules 
more clearly. Bar represents 3 A. 
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tion shown) have been omitted for clarity. The two CCI, guest 
molecules in the clathrate cage are orientated such that a C-Cl 
bond of each is co-linear with the c axis. Although relatively 
small gaps have been detected in the cage wall these are in- 
sufficiently large to allow the guest molecules to escape un- 
hindered. Solvent loss does in fact occur slowly when the 
crystals are left in air at room temperature, with apparent 
complete disruption of the crystal lattice. 

The crystal packing forces seem to be of the normal van der 
Waals’ type, no evidence having been found to suggest marked 
charge transfer interactions between host and guest molecules. 

A host~guest ratio of 1:2 has also been found for the guests 
CCI,CH, and CCI,SCI, though ghest species CCi,Br and 
CCI,NO, form complexes with a 1:1 ratio. Recrystallisation of 
(ID from the solvent CCI,CCI,H gives ynsolvated triclinic 
crystals, 5 

Further studies on other ‘hexa-host’ molecules indicate that 
tiigonal symmetry is not always encountered in the inclusion 
compounds formed. A study of the complex of hexakis (benzyl- 
thiomethyl) benzene (formula (D, Y==CH,SCH,Ph) with 
dioxane has shown the crystals to bë monoclinic, space group 
P2,/c, with two host and two guest molecules in the unit cell. 
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Effect of magnetic field on reduction 
of iron oxides: magnetite and wüstite 


A STRONG magnetic field (500-1,400 Oe) was reported by Skor- 
ski? to cause an increase in the reduction rate of haematite . 
(Fe,O 3) to metallic iron when H, wds used as the reducing 
agent. This effect was attributed to the magnetic properties 
of the H,, because neither CH, nor CO produced a similar 
increase when under the influence of a strong magnetic fiefd. 
Although Svare! disputed this explanation, Peters” offered 
an alternative one, based on thermodynamics, which indicated 
that an increase in reaction rate is expected under the influence 
of a strong magnetic field when the reactants were relatively 
non-magnetic and the products were strongly magnetic-—as 
with reduction of haematite to iron. We report here our re- 
sults of studying magnetite and wiistite reduction to iron, 
which show an increased reduction rate for magnetite, under 
the influence of a strong magnetic field, but an inexplicably 
decreased rate for the wiistite reduction. 

Confirmation of the effect noted by Skorski! was attempted 
by Rowe et alt. To avoid the complication arising from the 
two-step process of haematite to iron reduction with H, below 
550 °C (FeO, -> FeO, — Fe), Rowe et al. examined the sim- 
pler nickel oxide-nickel system. The NiO -» Ni reduction 
meets Peters’ criterion for expected reduction rate effects 
from applied magnetic fields almost as well as the Fe,03-> 
FeO, — Fe system does. That is, NiO is. relatively non- 
magnetic (paramagnetic) whereas Ni is ferromagnetic (satura- 
tion magnetisation ~ 54). Fe,O, is relatively non-magnetic 
(antiferromagnetic), while metallic Fe is also ferromagnetic 
(saturation magnetisation ~ 218). (Fe,0, is also relatively 
magnetic, being ferromagnetic with saturation magnetisation ~ 
92.) Rowe et al: found that application of a strong magnetic 
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+ x 
field (~ 4,200 Oe) produced no detectable difference in the 
reduction rate of NiO to metallic Ni and therefore failed to 
confirm the general effect expected in the reduction of a non- 
Magnetic species to a magnetic one. 

Having observed no difference in reduction rate of NiO to 
Ni on the application of a strong magnetic field, we now check 
more directly Skorski’s observation on Fe,O, reduction. At, 
temperatures less than 550 °C, Fe,O, is formed as an inter- 
mediate; Skorski did not attempt to account for this effect. To 
eliminate this complication, we decided to investigate here the 
reduction of magnetite and wiistite (FeO) to metallic iron. 
According to Peters’ thermodynamic argument, the rate of 
reduction of FeO to Fe should be enhanced to a greater degree 
. than expected for Fe,0, to Fe, since magnetite is more strongly 
a magnetic than wüstite. That is, the change in saturation mag- 
netisation is greater in reducing FeO to Fe than in reducing 
Fe;0, to Fe. Also, both of these reaction rates should be 
enhanced to a greater extent than in the NiO -> Ni case, if 
Peters is correct. 

Our apparatus’, which allows continuous observation 
throughgut the reduction (an advantage over Skorski’s ‘obser- 
vation after the fact’ method), consists of an electrobalance 
(sensitive to 10~* g) connected to a strip chart recorder to trace 
the weight of reactant (Fe,O, or FeO) plus product (Fe). When 
the strong magnetic field is applied, the apparent weight (satur- 
ation magnetisation) of the Fe,0, and Fe or the FeO and Fe 
are recorded. The temperature was measured Y means of a 
thermocouple inserted nearby the quartz sample pan. 

Before each run, the electrobalance system (including sample) 
was flushed at room temperature with 20% H, in N, carrier at 
a rate of 65ml min™ for at least 1h to assure a constant 
reaction atmosphere for each run. The gas flow was continued 
until the reaction was essentially 100%% complete and the experi- 
ment was ended. We used ~1-3-mg samples of powdered 
FeO, and FeO. The Fe,0, samples were powdered to 200 
mesh; finely powdered FeO samples were used but the mesh 
was not known. All experiments were begun at room tempera- 
ture (~ 24 °C) and reached ~ 385 °C (for magnetite) after about 
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Fig. 1 Reduction of Fe,O, to metallic iron with a 65-ml-min™ 
flow of 20% H, in N; carrier at ~385 °C. Points were hand-read 
from a strip chart recording for construction of Fig. 1 so that 
data taken under the influence of a strong magnetic field can be 
directly compared with those without the strong magnetic field. 

The mass data were recorded continuously. Data on the left side 
of the dashed line in Fig. 1 were recorded after the insertion of 
an ~4,200-Oe Permanent magnet. Initial sample heh (Fe,O,): 

@, 0.98 mg; + +, 0.98 mg; A, 1.29 mg; W. 2.27 mg; x, 1.42 mg. 

Data on the right side of the dashed line in Fig. 1 were recorded 


, 1.53 mg: i. 54 mg; 
x, 1.18 mg. 
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Fig. 2 Reduction of wiistite to metallic iron with a 65-ml min=* = 
flow of 20% H, in N, carrier at ~-~490 °C. Points were hand-read 
from a strip chart recording (see Fig. 1 legend). The mass data 
were recorded continuously. Data on the left side of Fig. 2 were 
recorded in the Earth’s magnetic field (e0.5 Oe) those on the 
right side were recorded after the insertion of an ae 200-O8¢€ 
permanent magnet. Initial sample weights (FeO): ©, 1.31 mg; 
Ci, 1 16mg; A, 2.51 mg; @, 2.46 mg; +, 1.05 mg; x, 2.25 mg. 


8 min, ~ 490 °C (for wiistite) after about 10 min. Reaction did 
not occur until near the reaction temperature. 

For magnetite, five runs were performed in the Earth’s field, 
and five after the insertion of an ~ 4,200-Oe permanent magnet 
(Fig. 1). The reductions were all carried to essential completion 
(as confirmed by stoichiometry), «and the reduction rates 
compared. Skorski’s' reductions were not generally carried to 


completion. Figure 1 shows that the reduction of magnetite to 


iron occurred at a significantly faster rate under the influence 
of the strong magnetic field, thus confirming Skorski’s observa- . 
tion by an independent technique. This is not, however, direct 
confirmation because we found the reaction rate was increased 
on reducing Fe,O, to Fe, whereas Skorski started with FeO, 
and ended wfth an Fe,O,, FeO, and Fe mixture of unknown a 
composition. Poe 

For the wiistite reduction, three runs were conducted witha 
strong magnet, and three without (Fig. 2). The reductions were — 


all carried to (and recorded to) essential completion, as for 


magnetite, and the rates compared. Although the data for the s 
wüstite reduction in the presence of the strong magnetic field _ 


are not shown to completion in Fig. 2, the difference in rates — 


brought about by the magnetic field is apparent. a 

Surprisingly, we found that the application of a strong K 
magnetic field during the wüstite reduction with H, resulted in 
a significantly slower reaction rate than when the reduction was 
conducted in the Earth’s field? This supports our earlier sus- 
picion that Peters’s? thermodynamic argument was not the 
determining factor in the reductions studied to date (refs 1, 4 





and present work). In all cases, the general requirement is met 
:that the product be more highly magnetic than the reactant, 
but a strong magnetic field affects*the reduction rates as 


follows: ; 


NiO — Ni no observable effect 
FeO, miaa Fe,0, = Fe i ‘ - 
eee } reduction is speeded up 
FeO -— Fe reduction is slowed down 


We are not able to explain these data at present. This work 
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Computer simulation and statistical 


geometric model for contacts in binary 
random two-dimensional disk packings 





+ 
EXPERIMENTAL investigation of the characteristics of multi- 
component packings of particles would involve a large number 
of manipulations for even very few components in the mixture, 
» and each additional component would increase this number 
enormously. A method of calculating the properties of such 
mixtures would be of interest if only as a framework within 
which to design experiments. One difficulty is that for this very 
reason a theoretical approach cannot be subjected to a thorough 
experimental verification. We therefore think it useful to take 
< the problem further by comparing two previously published 
theoretical approaches, by a statistical geometric model’ and 
a computer simulation’, for calculating the contacts between 
disks in two-dimensional multicomponent random mixtures. 
The average total coordination number in % packing is 
defined as the total number of contacts in the packing divided 
by the total number of disks in the packing (C). In multi- 
component packings this may be further subdivided: first, into 
the individual average coordination number for each disk 
size (c,), that is, the total number of contacts on disks of a 
given size divided by the number of disks of that size; second, 
into the average coordination number for each size by each of 
- the other disk sizes in the packing (pip). 
| In a binary packing, these various coordination numbers 
- are related by the following expressions: 


C = (nicit NgC2)/Gy + Ng) (1) 
e Cy = Put Paie (2a) 
Cy = Part Pos j (2b) 


Note that py, = Per but my pio = MePoy 


L 

It was shown previously’ that the average coordination 
- number on aach disk size (c) could be calculated from a disk 
= size distribution (relative numbers of disks m; and their dia- 
meters d) using a simple statistical geometric model of an 
: idealised gapless packing of which the space was divided up 
_ into triangular subunits. The matrix of (p) values can also be 
- calculated from the model through the relative numbers of 
‘triangular subunits (Tix) calculated by expressions (3) and (4) 
in ref. 1. Each of these subunits includes three contacts and the 
relative numbers of the different types of contact between disks 
-can therefore be calculated. For a binary mixture there are 
three types of contact and expressing these as fractions of the 
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total number of contacts we have e 
ha = (Tir X 3+ Tita) * (3a) 
taa = (Taga X 3+ Tiza)/3 (3b) 
3 ha = ter = (Ti X 24 Trie X 2/3 (3c) 
titles tte = I (4) 
By definition and for a binary mixture . 


tı = number of type 11 contacts/total number of contacts 


ty = m Pa) Nelo) (5a) 
fag = (na Poa)/(RıC1 + Nelo) (5b) 
toy = big = (MPre HRaPai)/MCr t Mela) (5c) 


By elimination between expressions (2), (3) and (5) we may 
calculate values of pj). . 

As reported in ref. 2, the process simulated is that of disks be- 
ing put into a two-dimensional box in random order from a 
random pojnt and allowed to fail and roll until they attain a 
dynamically stable position. No adhesion or rebound is con- 
sidered and once in position a disk is assumed not to move. The 
various coordination numbers are obtained by counting after 
rejection of the disks at the edge.” 

It is well known? that the porosity and coordination number 
in packings depend not only on geometrical factors (size 
distribution) but also on what may be called mechanical 
factors such as the conditions in which the packing is 
formed: vibrated, settled in water dropped from a height, or the 
properties of the grains other than size; their density, surface 
roughness, existence of attractive or repulsive forces. For 
example, a packing of monosize glass spheres can have a 
porosity of 0.40 or 0.36 and an average coordination number of 
8 or 9 depending on whether the packing is vibrated or not. 
Grains with a higher density or with attractive forces between 
them tend to pack to lower porosities than grains with surface 
roughness or repulsive forces between them. As an example of 
these effects it is possible to simulate a looser packing with a 
lower total coordination number by including an adhesional 
probability in the computer simulation. When a disk 4s put 
into the box and touches another disk a random number is 
compared with the assumed adhesional probability: if the 
random number is smaller than the adhesional probability the 
disk is fixed in that position, if it is greater the disk continues to 
roll until the next contact when the procedure is repeated or the 
disk reaches a stable position. All the results reported here are 


+ 
Fig. 1 Comparison of coordination points from the model with 
computer simulation. Diameter ratio 2.5. Values of tj are 
shown as curves, and computer simulation results are shown as 
points: As hais X’ bias ©. foo. 
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Fig. 2 Comparison of coordination points from the model with 
the computer simulation. Diameter ratio 2.5. Values of i; from 
the model multiplied by the gompaction factor are shown as 
curves, and computer simulation results are shown as points: 


A, Piss O, Piss @, Pa; x Sy Por 


for an adhesional probability of 0°4. Here the model is con- 
cerned only with geometrical factors and relates to an idealised 
compact gapless packing, with an average total coordination 
number of 6. The computer simulation includes mechanical 
factors to a certain extent and gives values for a more realistic 
packing with a constant average total coordination number of 
4.02 +0.04 for all mixtures considered here. This geometrical 
invariant may be used to define a ‘compaction factor’ which 
represents the degree to which mechanical factors allow real 
packings (here computer simulated) to approach the geometry 
of the idealised packing. In this case the factor is 4.02/6.00 = 
0.67. Multiplying by this factor allows the different coordina- 
tion numbers obtained from the model to be compared with the 
computer simulation. The figures show this comparison. Figure 
1 (analogous to Fig. 3 in ref. 1) shows values of f; from the 
model as smooth curves and results from the computer simula- 
tion as points; the agreement is excellent. Figure 2 (analogous to 
Fig. 6 in ref. 2) gives values of p; from the model multiplied by 
the compaction factor as smooth curves and the results from the 
computer simulation as points. The agreement is excellent 
which indicates the concept of the compaction factor. 

The comparison between the coordination numbers for two- 
dimensional binary random disk packings as calculated by 
computer simulation and a theoretical model shows a good 
agreement between the two methods. Notably the invariability 
of the average total coordination number with size ratios and 
mixture proportions is confirmed. This allows the definition of a 
‘compaction factor’ which allows the results of the theoretical 
model for an idealised gapless packing to be used to calculate 
coordination numbers for real packings. 
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Gravity in Zambia 


A RECONNAISSANCE gravity survey of the Republic of Zambia was _ 
carried out from 197] to 1975 by the Geological Survey of Zambia 
in collaboration with the University of Zambia and The Uni- — 
versity of Michigan!, We present here a. Bouguer anomaly map . 
and preliminary analysis of the gravity data, in the context ofe 
the principal tectonic elements and structural characteristics Ka, 
eastern and southern Africa, 

Zambia is situated on the Central African Plateau: which 
slopes gently from an elevation of 1,000 m in the south and west 
of Zambia to a maximum elevation of > 2,000 m in the north” : 
east. The characteristic gently sloping terrain.is broken- in the — 
extreme north by the Tanganyika and Mweru rifts and in the - 
east and south, respectively, by the Luangwa and mid-Zambezi . 
rifts, which contain Karroo (Permo-Triassic) sediments and - 
volcanic rocks. The plateau comprises principally Pan-African 
(450-750 Myr) and older igneous and metamorphic basement: 
rocks. In the west, the basement is in places broken. by fault 
block basins, but the distribution of these is obscured by a- 
blanket of Quaternary Kalalvari sands. | 

Over 2,700 gravity stations were established along the primary 
and secondary road network of Zambia, at approximately 
10--15-km intervals, with a characteristic density of one station 
per 400 km?. All stations were referenced to the previously 
established East African primary net?, Free-air and simple 
Bouguer anomalies were calculated using the 1930 International 
Gravity Formula and a density of 2.67 g cm~, Elevations for ® 
about one-third of the stations were taken from topographic 
map contours; at the remaining stations, elevations were 
determined with aneroid barometers. A mean uncertainty of 
+2 mgal, arising principally from uncertainties in elevation, is. ‘ 
typical. : 

Our Bouguer anomaly map of Zambia (Fig. 1) shows 
Bouguer anomalies ranging between — 200 and — 75 mgal, with 
a mean near — 140 mgal. The regions in the north and northwest 
marked by the —160-mgal contour lie along the axis of the 
so-called Great Negative Bouguer Gravity Anomaly? of Africa: 
the long and continuous ~-120-mgal contour in the south 
marks its approximate southern boundary. The overall grain 
of the map i» dominantly northeast-southwest, a tectonic trend 
which is prominently displayed by the Upemba graben in 
southern Zaire, the Mweru and Luangwa rifts, the middle. 
Zambezi valley, and which continues to the south-west into — 
northern Botswana‘. 

Some of the individual features of the map can be clearly 
identified with structural elements, the best example being the 
elongated gravity troughin eastern Zanabia which coincidesclosely 
with the Luangwa rift. The southern terminus of the Tanganyika 
rift, and the northern margin of the Zambezi rift along Lake 










Kariba also show gravity depressions. The arcuate trend of the 
— 140-mgal contour in the northern part of central and western > 


Zambia follows closely the curvature of the Lufilian arc, a 
Pan-African age structural element that hosts the rich copper 


mineralisation of Zambia and southern Zaire. The moderate ~— 


gravity depre§sion in central western Zambia is associated with 
a zone of persistent seismic activity®; the large nearly circular 


depression in northern Zambia lies within a region of Pre- ` 


cambrian platform sedimefits, and could represent a smal] 
sedimentary basin. , a 
Three regions show prominent gravity highs: the eastern 


border with Malawi, the region south of Lake Mweru, and pe 
the region north of Lake Kariba. In each of these areas the 
anomalies reach —80 mgal with gravity relief of at least 40 =- 


megal. These highs are not associated with any obvious structural 
elements or topographic settings; they are in areas with 
elevations of 900--1,800 m. 

Residual anomalies were obtained by subtracting a smooth 
regional anomaly field from the observed Bouguer anomaly 
field. The regional pattern was estimated by a number of 





techniques, including free-hdnd smoothing, Fourier and 
` polynomial surface-fitting methods, and a mean anomaly 


against elevation parameterisation. E&ch representation of the 


regional field yielded different residuals, but some anomalous 
regions were common to all of the residual fields. Those regions, 
- each with residual anomalies > 20 mgal (inset map of Fig. 1) 
~ display a north-east-south-west grain, as does the anomaly map. 
< The most prominent feature is the chain of positive residuals 
-extending from south-western Zambia north-eastward along the 
© southern margin of the country. This remarkable feature 


merely traverses Zambia; it can be traced south-westward 
through Botswana to the Namibia border‘, and continues 


northeastward into the Malawi highlands’, approaching 2,000 
km in length. This prominent positive residual buttresses the 


southern margin of the Great Negative Anomaly throughout 
central Africa. 

The negative residual over the Luangwa rift arises from the 
low-density Karroo sedimentary fill. A similar residual probably 
exists in the mid-Zambezi valley beneath Lake Kariba, but it 


“las not been confirmed due to a lack of data from the valley 





and beyond*in Rhodesia. The negative residual which extends 
from the north across the Zaire pedicle into the Zambian 
Copperbelt possibly reflects relatively thick sedimentary 
accumulations in the north, but is associated with the Copper- 
belt granites at its south-western terminus. 

A scatter plot of Bouguer anomalies against elevation 
is shown in Fig, 2a. Stations at < 800-m elevation lie exclusively 
within the Luangwa, Zambezi and Tanganyika troughs, and 


Fig. 1 Bouguer gravity anomaly 
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thus afford an opportunity to compare, gravity variations in 
rift and non-rift settings. Regression lines were fitted to mean 
Bouguer anomalies and mean elevationg in each 100-m elevation 
interval; these lines are shown in Fig. 2 and their parameters 
in Table 1, with similar, earlier analyses from east Africa’’*. 

The Zambia and Kenya regression lines have similar slopes 
in their respective rift and non-rift settings, but the Zambian 
intercepts in both settings are substantially more negative. The 
Zambian line for non-rift stations is almost the same as that 
determined by Woollard for 3°x3° mean anomalies in east 
Africa. 

The different slopes in rift and non-rift areas implies different 
densities in the two settings, and suggests contrasting crustal and 
upper mantle structures. The significance of the different 
intercepts is unclear, but the differences may stem from the fact 
that in Woollard’s® and our analyses, the fines were fitted to 
mean anomalies, while Khan and Mansfield’ presented a subset 
of their individual station data, which may be biased away 
from the regional mean. ° 

Eree-air anomalies are also of interest because they can give 
to a first order an estimate of how closely a region approaches 
isostatic equilibrium. When isostasy prevails, free-air anomalies 
are usually less than a few tens of mgal, distributed randomly 
about zero, and show very little dependence on elevation. 
Woollard® gives an empiricat relationship between free-air 
anomalies and elevation in isostatic regions as FA == 0.0075h-6, 
where FA is the free-air anomaly in mgal and A is the elevation 
in m. 


map of Zambia. Contour interval 20 mgal. Reduction density 2.67 g cm~". Inset map shows 


residual anomalies > 20 mgal. 
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Fig. 2 a, Scatter plot of Bouguer anomalies against elevation, 
with regression lines for rift (1) and non-rift (2) stations. b, 
Scatter plot of free air anomalies against ele ation. Line labelled 
Z represents Zambian data; line labelled ‘Isostatic’ represents 
empirical relationship of Woollard®. Both lines are fitted to mean 
anomalies and elevations within 100-m intervals. 


Figure 2b is a scatter plot of free-air anomalies against 
elevation for Zambia, and shows a clear departure from the 
isostatic relationship and an obvious dependence of anomalies 
on elevation. Such a dependence of free-air anomalies on eleva- 
tion is not uncommon in regions of considerable relief, but in 
Zambia, apart from the escarpments adjacent to the rifts, the 
terrain is very gentle. 

It is, therefore, possible that the Central African Plateau may 
not be in isostatic equilibrium. Woollard® notes that a plateau 
undergoing uplift can exhibit a regional departure from isostasy. 
Considerable evidence is accumulating that suggests that. this. 
part of central Africa is dynamic and responding to tectonic 
stress. Widely distributed earthquake epicentres’, tensional focal 
mechanisms®°, anomalous heat flow and disrupted drainage 











Table 1 Regressions of Bouguer anomalies: (aigal) Git “elevation: 1 






















Zambia Kenya’ 

e 
Rift ~—O.15h ~41 —O.137h -4.31 °° 
Non-rift =o. ; 


—0.06h —67  —0,082h *-5.85 


as shown on satellite photography together makean i 
if not compelling case for contemporary tectonism (in 
rifting) in the Central African Plateau. In such a con 
seems possible that isostasy is yet to be fully established in this 
current phase of tectonism. If tensional block faulting continue 
however, and becomes more widespread in the Central African _ 
Plateau, a restoration of isostatic equilibrium will. probably _ 
follow. | te 
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Electrical conductivity 
and tectonics of Scotland 


A REGION of anomalously high electrical conductivity in southern. 
Scotland, known as the Eskdalemuiranomaly, has been disco- 
vered and mapped, in terms of related anomalies in time-varying 
geomagnetic disturbance fields'?. Magnetotelluric soundings’ 
have indicated the depth of the conductor as 12-km, at whichdepth _ 
Jacob* has reported an anomaly in seismic wave veloci 
Bamford and Prodehl have also found anomalous seism 
velocities in this region. In 1973 the University of Ed 
operated two magnetometer arrays which together covered nea: 
all of Scotland. In each array 20 three-component recor 
magnetometers of Gough-Reitzel type® were operated for 6 
weeks. These arrays, together withextended magnetotelluricstud’ 
of the Eskdalemuir anomaly’, now make possible a fuller de 
scription and interpretation of conductive structurgs. Data fre 
stations north of the Midland Valley, where only limited gec 
magnetic variation studies *-? had preceded ours, indicate f 
regions of anomalously high conductivity in Scotland, Full 
discussion and analysis of these data will be presented elsewhere. 
vity i 





















This note gives some preliminary indications of these conducti 
anomalies and suggests possible tectonic implications, = Sa 
 Time-varying magnetic fields associated with induced currents 
in the solid earth, which may délineate conductive structures, are ` 
superposed on the source field due to currents in the magneto- — 
sphere and ionosphere. At the geomagnetic latitude of Scotland, 





618 moas 


< source fields associated with pofar electrojet or substorm activity 
_ have complicated morphologies, which may make the recognition 


_ofinternal anomalies difficult. Inductich in the Atlantic Ocean and 


the seas surrounding the British Isles provides an additional 
complication, particularly at the longer periods. Several techni- 
ques have been applied to the interpretation of the very large body 
of data from the arrays. These include the contouring of ampli- 
tudes and phases of Fourier transforms and the mapping of 
polarisation ellipses and of in-phase and quadrature-phase in- 
duction arrows. These procedures have been less successful in 
Scotland than elsewhere'°~'?, presumably because of the super- 
position of spatially variable fields associated with the source and 
with the ocean on a complex geoelectric structure in northern 
Scotland. . | 

One method which has proved useful in indicating the internal 
conductive structure is that of the hypothetical event'*, in which 
contoured maps of the vertical magnetic field component, Z, are 
found for a hypothetical uniform horizontal inducing field in any 
desired azimuth. If the vertical field can be represented by a linear 
combination of the horizontal fields, then the transfer functions 
Af) and B®, at the frequency fof the field can be calculated from 
Z = A) X + BU)Y+e(f). Here ¥ and Y are the Fourier 
transforms at frequency f of the asorthward and*easfward com- 
ponents of the field and «(f) is a small uncorrelated residual. By 
using appropriate values of Y and Y to represent a desired 
hypothetical field and assuming that (f) is negligible, one can 
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obtain the Z response to the synthetic field psing this equation and 
the estimated values of A(/) and BU). The transfer functions are 
estimated from a number of variation vents at each station!>. 
While to some extent they reflect the relation of Z to XY and Yin the 
source as well as in induced currents, the effect of the source on 
transfer functions derived from several events of differing source 
geometries and polarisations is smaller than that on a single 
event mapped, say, as Fourier transform coefficients. A second 
advantage of the hypothetical event method 1s that it substitutes 
for the natural source-fields, of complicated geometry and polaris- 
ation, a uniform, linearly polarised source field, the azimuth of 
which can be chosen to maximise the induced currents in a given 
structure. A third advantage is that thes method facilitates unified 
interpretation of the results from the two consecutively-operated 
arrays. 

Contoured maps of Z have been constructed for inducing fields 
linearly polarised in magnetic N, E, NW and NE azimuths, at 
periods in the range 300<T<52004 For T> 2400 s the coastal 
and source field effects dominate the transfer functions in northern 
Scotland—as shown in Fig. (a) and (b)—but at shorter periods 
the internal currents predominate ands produce a congjstent and 
conspicuous pattern in the hypothetical-event Z contours in the 
range 300 < T < 1000 s. Typical maps are shown in Fig. 2(a) and (b) 
for unit north-south inducing fields of periods 700 s and 1000 s. To 
a first approximation, a single current concentration produces 
closely spaced parallel contours in its vicinity. There may be a 


+ 
Fig. 1 a, Z contours for a unit regional horizontal magnetic field directed eastwards. b, Z contours for a unit regional horizontal magnetic field 
directed northwards. In both cases, the values plotted are for the in-phase fields for a period T= 2400 s, the contour interval is 0.10 nT and the zero 
Z contours are represented by the dotted curves. 
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Fig.2 Zcontours fora unit regional horizontal field directed northwards. a, in-phase field for a period of 700 s. b, In-phase field fora period of 1000's,. 
The contour interval is 0.20 nT and the zero Z contours are repfesented by the dotted curves. Ee 


roughly central zero contour if there is no large regional gradientin 
Z due to other currents. In the maps the Z = 0 contours are 
delineated by dotted lines. For more complex current con- 
centrations, the zero contours may not have the same significance. 
i As shown by Bailey and Edwards'®, the Z field gradients are more 
useful for interpretation in this case. The Eskdalemuir anomaly, 
which may be associated with two regions of zero Z contours (D 
and E), is prominent in contour maps at all periods. Three other 
regions of zero Z contours appear consistently at the shorter 
periods. The first (a) is in the north-west corner of Sutherland, the 
second (b) runs along the Great Glen and the third (c) follows a 
path in eastern Scotland from the Moray Firth to Argyll. The 
widths of the Z anomalies set maximum limits of about 35 km on 
the depths of all these conductors, so they are within the crust. The 
significance of the Z contours is now being studied further and 
should lead to quantitative modelling of the conductive structures 
and correlation with other geological and geophysical features. 
For the present, attention is drawn to the interesting correlation 
between the three zero Z regions A, B and C (Fig. 2) and two 
Moinian and ope Dalradian ophiolite suites regarded by Garson 
and Plant'’ as marking former subduction zones. These are 
“indicated schematically in Fig. 3. These zones are associated with 
intense mineralisation—particularly the Dalradian zone which has, 
for example, well-defined outcrops of graphitic schists. The Moine 
belt of ophiolites, proposed by Garson and Plant as a late 
‘Precambrian subduction zone (750-800 Myr old), can be cor- 


related in Sutherland with Z zero contour A and along the Great _ 
Glen with zero contour B. The third belt C seems to correlate with — 
the Dalradian ophiolites, which Garson and Plant regard as 
marking a subduction zone active in Cambrian time. The three : 
northern anomalous regions mapped by the magnetometer arrays _ 
may thus be related to these ancient subduction zones. It has been 
suggested that hydrated minerals in ophiolites may. be highly 
conductive!" but in ancient subduction zones other sources of high 
electrical conductivity probably exist as suggested by Camfielc 
and Gough’? for their proposed Proterozoic plate boyndary in 
North Ameriga. Garson and Plant have also proposed two 
younger ophiolite suites along the Highland Boundary and 
S. Uplands faults but these are much less well defined and have less ~ 
associated mineralisation. Many questions must be answered, 
however, before the association between the geomagnetic data and 
possible subduction zones can be made with confidence in 
Scotland. Further field observations, already in progress, should. 
enable both the location and depth of the conductive zones to bee 
located more precisely. Magnetoteiluric measurements at loca- > 
tions traversing the anomalous regions in N. Scotland—planned ` 
to start in 1977—-should indicate whether the Zcontoursshould be 
associated with single or complex conductors. Recent magneto- 

telluric measurements in S. Scotland should assist in the inter- 

pretation of the regions D and E. Our results suggest a more 

complicated geometry for the Eskdalemuir anomaly than was 

shown by earlier work'*. There seem nevertheless sufficient 




















Fig. 3 Simplified tectonic map of Scotland. Shaded region is the 
Lewisian Foreland. Dotted curve represents ancient subduction 
zones proposed by Garson and Plant. 


grounds to propose that there may be a close relation between the 
complex electrical structure of the crust in Scotland and past 
tectonic underthrusts. 
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NRC of Canada. 
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Tectonic and sedimentary significance of 
Cretaceous Tekenika Beds of Tierra del Fuego 


Strata called Tekenika Beds have been considered the oldest 
post-orogenic rocks within the southernmost Andean Cor- 
dillera. Their significance in terms of regional tectonic history 
outweighs their small outcrop area on the east side of Hardy 
Peninsula on Hoste Island, Chile, about 160 km north-north- 
west of Cape Horn (Fig. 1). The Tekenika Beds, which are 
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south side of Tekenika Bay (Tekenika derives from two Yahgan 
Indian words Teke uneka), where they are largely sandstone 
and conglomerate (Figs 1 and 2). The basal contact has not 
been seen; however, the strata, although folded (ref. 2 and 
unpubfished reports of Empresa National del Petroles), are 
less deformed than the tightly folded Lower Cretaceous Yahgan 
Formation just north of Tekenika Bay less than 5 km away. 


Therefore an unconformity is implied. Coarseness of the strata, 


fossil] wood (some bored by worms or molluscs), thin lignitic 
coal beds, shallow marine molluscs and presence of some 
plutonic clasts led to the view that the Tekenika is a nearshore, 
post-orogenic sequence®. Suarez and Pettigrew recognise it as 
pre-orogenic, but still interpret it as a shallow marine deposit’. 
We report here structural evidence indicating that the Tekenika 
Beds are pre-orogenic and deep water deposits. . 

Dating of the Tekenika rocks has long seemed important 
in constraining the younger age limit of Andean orogenesis 
in Tierra del Fuego. For this reason, Halpern in 1963 collected 
fossils and igneous pebbles from the Burleigh Peninsula for 
isotopic dating. His results suggested à very equivocal palaeon- 
tological age of ‘Late Cretaceous to Early Tertiary’, and K~Ar 
dating of a gabbroic boulder suggested 116 + 4 Myr (Early 
Cretaceous) as a maximum possible age”. An altered green- 
stone considered contemporarfeous with the lower Yahgan 
was dated as 92 - 4 Myr, which was interpreted as being close 
to the time of folding and metamorphism’. The gabbro clasts 
were considered derived from the Andean batholith complex 
just to the south-west of Tekenika Bay. Intrusives into the folded 
and cleaved Early Cretaceous (Neocomian) Yahgan Formation 
at two localities 50 km north on Hoste and Navarino Islands 
were also dated as 77 + 5-81 -- 5 Myr (ref. 2). 

The above evidence seemed consistent with the view that the 
Tekenika Beds represent a post-orogenic molasse. Because 
neither fossils nor isotopic dates could resolve satisfactorily 
exactly when the main Andean orogeny occurred between 116 
and 77-81 Myr we visited, on a cruise of R. V. Hero, in May- 
June 1974, all the Tekenika outcrops, hoping to clarify stra- 
tigraphic relationships and discover more definitive fossils. 
Some fossils were found, but the only one of possible strati- 
graphic significance is a colonial coral fragment from con- 
glomerate on Navidad Bay (Fig. 1). It was identified by A. G. 
Coates, George Washington University, as Actinastrea cf. A. 
peruviana, which is known from upper Aptian- to Albian-aged 
strata in Perut. We also found Rotalaria, Yoldia?, a naticiform 
snail, belemnoids and Ostrea fragments. All of the shells and 
plants were contemporaneous.with Tekenika sedimentation, 
but were swept in like pebbles. All that any of the palacon- 
tological evidence clearly shows is that the strata are Cre- 
taceous. 

Having assumed that the Tekenika Beds post-dated the 
main Andean orogeny in Tierra del Fuego, we were surprised 
to discover structural relationships that show them to be pre- 
orogenic instead; that is, late Early Cretaceous to middie Late 
Cretaceous or post-Yahgan and pre-77-81 Myr. To summarise, 
Yahgan strata contain Neocomian fossils and lie below the 
Tekenika beds; the latter contain 116-Myr-old pebbles and a 
possible Albian—Aptian fossil. Folds and cleavage in the Yah- 
gan are cut by 77-81-Myr plutons, and concordant cleavage 
was found in the Tekenika. Therefore, the Tekenika Beds are 
post-Neocomian and pre-77-81 Myr, possibly Albian or Aptian. 
The Tekenika Beds lie within a synclinorium whose axis trends 
west-north-west-parallel to more tightly compressed folds in 
the Yahgan Formation north of Tekenika Bay (Fig. 1). North 
of Burleigh Peninsula we found alternating sandstones and 
olive-drab-weathering mudstones concordant with darker, 
more indurated graywackes and mudstones of the Yahgan 
Formation (Fig. 2). The basal contact of the sequence could 
not be located precisely because of intrusive dykes and poor 
exposures. Similar strata occur south-east of Burleigh Peninsula 
along Navidad Bay, but relationships of these lower Tekenika 
Beds to fossiliferous Yahgan strata (or Hardy Formation of 
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Fig. 1 Schematic geological map of 
Tekenika Bay area, southern Chile; 
pre-Tekenika at Bahia Scotchwell 
includes Hardy Formation of 
Suarez and Pettigrew**. Heavy 
arrow in inset is average Yahgan 
palaeocurrent direction. 


Suarez and Pettigrew*) farther south at Scotchwell Bay are 
obscured by a late Cainozoic basal tcomplex on Punta Escala 
and Isla Packsaddle (Fig. 1). Our observation of a subtle but 
definite cleavage in the Tekenika mudstones is particularly 
significant. Generally the cleavage consists of sporadically 
developed fractures, but locally it is slaty and parallels the 
regional slaty cleavage characteristic of tha Yahgan rocks to the 
north. 

Throughout this part of the southern Andes, deformation 
and metamorphism are remarkably heterogeneous, generally 
diminishing in intensity southwards from a maximum along 
the north side of Canal Beagle? ~, Just north of Tekenika Bay, 
the Yahgan rocks are tightly to openly folded, with a pronoun- 
ced slaty cleavage. South of Tekenika Bay, however, at Bahia 
Scotchwell, for example, folding in the fossiliferous Lower 
Cretaceous rocks is gentle. The rocks here have a well developed 
joint system, but slaty cleavage is non-existent. Thus the slight 
deformation of the Tekenika rocks is consistent with the regional 
structure. Thefr less deformed and metamorphosed nature is 
not the result of a post-orogenic age, as long assumed, but 
reflects its structural location. We infer that the Tekenika Beds 
were originally more widespread, and have been preserved due 


to their location in the axis of a regional synclinorium. 


Sedimentologically we also found much similarity with un- 
derlying Yahgan flysch strata. Both show the same south- 
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north palaeocurrent pattern (Fig. 1) and both are characterised 
by graded bedding throughout (Fig. 3); sandstones show typical 
Bouma sequences in both cases. Tht Tekenika grades upward 
from Yahgan-like alternating graywackes and mudstones 
into thick, crudely graded sandstones with less mudstone, and in 
turn graded and massive volcanic cobble and boulder con- 
glomerates with some clast imbrication (Fig. 2); sandstones. 
are poorly sorted lithic (volcanic) graywackes with considerable © 
matrix}, The coarse volcaniclastic deposits have sedimentary 
structures idgntical with those of conspicuous andesitic breccias. 
and coarse sandstone zones interstratified within the generally 
finer Yahgan on western Navarino Island (Fig. 1). Both are 
generally poorly sorted and show massive as well as graded 
units. Parallel stratification is very common and some small- and 
medium-scale cross bedding is present in both gases. Shallow 
scour structures are present, especially in the Tekenika, Frag- 
ments in the Yahgan breccias are much less rounded than in .. 
the Tekenika conglomerates, however. Both cases lack abun- 
dant medium-scale cross bedding in well-sorted sands, pronoun- 
ced channelling, fining-upward sequences, extensive organic 
burrowing of mudstones and in situ coals, all characteristic of 
deltaic deposits. Also lacking are low-angle inclined stratifica- 
tion in well-sorted sands, layers with shefl or heavy mineral 
concentrations and soil profiles characteristic of littoral depo- 
sits. 


622 













F) ARTHO 
Re MAR A 
` AKNS b oz tase 
on FESS PS TARE 
Ne fe ` 
Ke MUDSTONE ANC 
Sp SANDSJONE 
Aara \ 
>” CONGLOMERATE 
\ AND SANDSTONE , 
E 
o i 2 


km 


Fig. 2 Cross section of Tekenika Beds along line a-b shown in 
Fig. 1. Note cleavage and a dyke (left) penetrating both pre- 
Tekenika and Tekenika strata. 


The Yahgan-aged (Neocomian) rocks coarsen southward 
toward the main Patagonian batholith; they have been named 
the Hardy® Formation®:*. Although Suarez and Pettigrew 
included the Tekenika Beds in their Hardy fornjatign, we con- 
sider the former a member of the Yahgan formation because 
it shares deeper-water characteristics, structural concordance 
and grade of metamorphism with the Yahgan. Sedimentology 
of the Hardy rocks and their relationships to the Tekenika 
are not yet well documented. Just south of Scotchwell Bay 
are pillow lavas and volcanic breccias interstratified with 
Yahgan-like mudstones, sandstones and volcanic conglomera- 
tes containing marine Lower Cretaceous fossils. Near the south- 
ern end of Hardy Peninsula (inland from Orange Bay) we ob- 
served apparently non-marine silicic breccias with accretion 
lapilli and welded tuff zones interstratified with mafic and 
intermediate breccias and vesicular flows. The same assemblage 
occurs also on the Wollaston Islands 100 km to the south-east 
(Fig. 1). These volcanic rocks are of uncertain age, but the 
simplest hypothesis is that they comprise part of the Early 
Cretaceous volcanic arc complex. Cross-bedding orientations 
within coarse green sandstones indicate south—north palaeo- 
currents, which agree with those of the Yahgan and Tekenika 
strata. 


Fig. 3 Graded 


Tekenika conglomerate with large ripped up 
mudstone block at base. 
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There are two laterally-equivalent Cretaceous sedimentary 
facies in southern Tierra del Fuego, which were both derived 
from an arc source—the generally finer Yahgan (north) and the 
coarser conglomerates and breccias (south)’. This situation 
is duplicated in equivalent rocks of South Georgia Island now 
2,000 km to the east, but which is interpreted as originally 
having been adjacent to Navarino Island®. Significantly, the 
structural situation on South Georgia and Annekov Island is 
also similar to that in Tierra del Fuego, in that mid-Cretacecus 
deformation was concentrated towards the north, while sedi- 
mentary and igneous rocks deposited in and immediately 
behind the volcanic arc are only gently deformed®~*'?". 

We interpret the Tekenika Beds to'be late Early to early Late 
Cretaceous in age, and to represent the youngest recognisable 
part of a continuous coarsening-upward (apd southward) vol- 
caniclastic succession. The typical Yahgan flysch to the gorth 
comprises submarine fan deposits debouched into a relatively 
deep, narrow marginal or back are basin’~"'. We believe the 
Tekenika was deposited in a similar setting, but the coarse, 
upper Tekenika must represent an upper far channel or supra- 
fan lobe closer to the volcanic arc source than most of the Yah- 
gan. The heterogeneous breccias, tuffs and flow rocks of south- 
ern Hoste and the Wollaston Islands (Hardy Formation) 
presumably were deposited within the arc itself; the batholiths 
are the roots of the arc®*"° The Tekenika conglomerates 
and sandstones were derived from rocks such as these, and 
were redeposiéed below wave base rather than on deltas and 
shorelines. This is based on the prevalence of graded bedding 
and the fact that all of the plant and invertebrate material 
has clearly been transported. Land-derived logs up to 4 m long 
and oriented by currents as well as shallow-marine shells occur 
within conglomerates and coarse sandstones; the lignitic coal 
occurs as lenticular seams only a few cm thick at the tops of 
graded units. Rounding of the Tekenika gravel indicates 
derivation from beach or stream gravels formed originally on 
volcanic islands. Rare chaotic pebbly mudstones (diamictites) 
indicatesmass gravity flows, while the graded conglomerates of 
both the Yahgan and Tekenika indicate transport by less vis- 
cous turbidity currents, debris flows or other gravity-driven 
mechanisms. Such resedimented conglomerates have received 
considerable study in recent years, and are proving to bé rather 
common in rock sequences like those of the southernmost 
Andes. 
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Rapid removal of plutonium 
from the oceanic surface 
layer by zooplankton faecal pellets 


IF is possible that increasing quantities of plutonium will be 


introduced into the marine environment, so detailed knowledge of 
the oceanic behaviour of this element is highly desirable. The levels 
of plutonium in sea water and marine organisms have been 
established in a general wa’y'-*, and suggestions have been made as 
to possible transport mechanisms. Noshkin and Bowen? proposed 
a model which asgpciates plutonium with a mixed population of 
particles, sinking at rates of 70-392 m yr, and Folsom er al,* 
suggested that algae and, perhaps, the main phytoplanktonic 
biomass may have an importanj role in determining the chemical 
and physical forms of plutonium predominant in the ocean. The 
role of the zooplanktonic biomass has not been investigated in 
detail, bat it is known that for several elements zooplankton 
metabolism may be an important biological factor in the removal 
of the elements from the surface layer of the ocean todepth*>~?. The 
particular importance of zooplankton faecal pellets in this process 
has been highlighted, and the faecal pellets of a common zoo- 
planktonic species, the euphausiid Meganyctiphanes norvegica, 
have been shown to be rich in the important natyrally-occurring 
alpha-emitter *!°Po when compared with whole organism 
levels’. We have performed a similar study for plutonium, and we 
report here that M. norvegica faecal pellets are indeed relatively 
rich in plutonium, and suggest that zooplankton faecal pellet 
deposition might be an important vector in the vertical oceanic 
transport of the element. 

The environmental levels of plutonium are extremely low, and 
collectton of adequate sample material was a major problem; a 
faecal pellet collection system was devised?! which provided us 
with faecal pellet samples of about 100 mg dry mass. Qven-dried 
samples were acid-digested, treated with hydrofluoric acid, and 
then subjected to previously described ion exchange techniques'? 
to isolate plutonium; *°°Pu was used asa spike. Thin sources were 
prepared and counted by «-spectroscopy. Exacting chemistry was 
necessary to achieve consistently low ‘blank’ counting rates, and 
long counting times were commonplace. The results are given in 
Table 1, together with the *°°*?4°Pu concentrations in whole 
euphausiids, euphausiid exoskeletons collected by dissecting 336 
euphausiids, and in a bulk sample of microplankton which serve as 
food for M. norvegica. We found that the concentrations in faecal 
pellets, although varying widely, were two orders of magnitude 
larger than those in whole euphausiids and an order of magnitude 
higher than in the typical food organisms; plutonium levels in the 
faecal pellets were in fact vastly in excess of those found in typical 
marine biological materials’. 

What are the implications of these high concentrations in faecal 
pellets for the flux of plutonium through living euphausiids? A 
plutonium atom ingested or absorbed by a living euphausiid can be 
eliminated from the animal by faecal pellet excretion, by moulting, 
by egg production or by soluble excretion; alternatively, it can be 





Table 1 
Wet—dry 
Sample weight ratio 
Whole euphausiids 4.7 
Euphausiid exoskeleton 4.3 
Euphausiid faecal pellets t 4.4 
Microplankton ł 10.7 





Table 2 Flux rates for various transfer modes of plutonium through . - 
ling euphausiids * i 
i 239+ 240Pu (pCi kg`t d~t) 
Faecal pellets 5.4 
'Moults t . 0.011 
Soluble excretion 0.032 
` Assimilation 0.006 





* The flux rates listed in this table and discussed in the text represent th: 
output fluxes plus the assimilation. The sum of these four terms mu 
course equal the input flux rate, which represents the plutonium ta 
by the animal from both water and food. No information about the input 
via the water route is available, and at this stage only a crude estimateof the 
input from food can be made. This is done by multiplying the known food... 
ingestion rates for M. norvegica, namely between 0. 113 and 0.320 g food = 
per g dry animal per day (ref. 9), by the plutonium concentration in. Ne 
microplankton given in Table 1. The result is a ‘food only’ inputflux rateof 
between 0.6 and 1:6 pCi plutonium per kg per day, which is of the same >. 

order of magnitude but less than the estimated total output flux rate of over .. 

5 pCi per kg per day. Fairly wide variation of element concentrations from 
one microplankton sample to another is, however, to be expected!*; a more 
specific identification of the M. norvegica food as well as further 
determinations of the plutonium content of faecal pellets will be needed 
before the flux balance can be checked accurately and the relative 
. 2 . 

importance of te food and waterintake routes assessed. 

t The flux via ‘moults’ quoted above is of course only an approximation, 
since the concentration in true moults may not necessarily be the same asin 
the exoskeletons which formed our sample. We have not yet been able to 
collect euphausiid moults in sufficient quantity to detect plutonium, but we 
hope to do so in the future; it is, however, very unlikely that the argument — 
which we give in the text will be altered substantially. 


assimilated during growth iñ one of the organs or tissues and? 
remain in the animal. We calculate the flux of plutonium in a living 
euphausiid by using available biological data? for M. norvegica. 
We multiply the typical faeces production rate, 0.038 g dry faeces 
per g dry animal per day, by the mean plutonium concentration in 
faecal pellets given in Table 1. We multiply the moulting rate, 
0.009 g dry moult per g dry animal per day, by the concentrationin 
the euphausiid exoskeleton. Collection of eggs in sufficient 
quantity is an unrealistic task; fortunately, the egg production 
rate™!?, about 0.002 g dry eggs per g dry animal per day, is low, 
and trace element concentrations in ‘eggs are usually un- 
exceptional. It is extremely unlikely that this term will contribute 
significantly to the flux. To estimate the loss by soluble excretion 
we performed experiments of a type previously described for other 
elements'®, using live euphausiids labelled with ?3°Pu, and founda 
soluble fractional excretion rate of 0.08 + 0.02 per day. This value — 
multiplied by the plutonium concentration in whole euphausiids 
gives the flux loss by soluble excretion. Finally, the amount of 


assimilated plutonium is obtained by multiplying the wholeanimal — 


concentration by 0.015 g dry mass increase per g dry animal per 
day, an average growth rate for non-larval individuals: = o5 

The results of these flux calculations are given in Table 2. The 
complete dominance of the faecal pellet term is immediately. < 
obvious, and indicates that 99% of the plutonium taken up by M; 


norvegica is excreted in the faecal pellets. Euphausiid pellets sink 


fairly rapidly}, at rates ranging from 126 to 862 m d“', and they 
decompose relatively slowly®; it seems clear that they have. the 
potential to reach the sea bottom in most areas. If the M. norvegica 






Concentrations of 23% + 240Pu in zooplanktonic material and micropl&nkton 


Individual determinations * Mean 
pCi kg! dry pCikg ' dry 
0.32 +0.08; 0.47 +0.08 0.4 
1.2+0.4 1.2 
310 +50; 7648: 39-414 142 
4.9+0.8 4.9 





* Each individual determination is in fact the mean of two determinations made on the two halves of a split sample. eee 
t High concentrations of certain trace elements?:!* and radionuclides!’ in faecal material brought about by biological amplification processes have been 
noted previously. The fact that the plutonium concentration in the faecal pellets is higher than that in the food is simply a reflection of a high discrimination 


factor against a biologically non-essential element. 


{Principally small crustacea, phytoplankton and detritus collected with 65-4m mesh size plankton net along with the euphausiids. 
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variations in longevity associated with the natural variations 
of growth rate of various ecotypes. Ip both cases there are 
clear relations between pre-imaginal growth rate and adult 


data can be considered as typical of the marine zooplankton 
-; biomass as a whole, we can make a rough estimate of the removal 
< time! of plutonium from the upper mixed layer of the ocean by 








zooplankton faecal pellets alone. We multiply the faecal pellet flux 
rate from Table 2 by 104 kg m*, a reasonable, if controversial, 
estimate!®:!4~!® of the dry zooplanktonic biomass in the upper 
mixed layer, and divide this product into 0.7 pCi m™, a typical 
value (ref. 2) of the 7°°*?*°Pu concentration in surface sea water. 
The result is 3.6 yr, a figure which one would like to compare with 
estimates of the removal time of plutonium from the upper mixed 


layer by all routes. Unfortunately, direct quantitative estimates of 


this quantity are not available; the indications”’'’ are, however, 
that it is short——of the order of | yr. Our estimate for the removal 
time due to zooplanktonic faecal pellets alone is of the same order, 
suggesting that faecal pellet removal has a significant role in the 
removal of plutonium from the surface layers of the sea. In- 

- vestigations of possible competing removal routes (for example 
sinking phytoplankton detritus, large inorganic particulate settl- 
ing) are needed to substantiate this suggestion. 
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_ Growth rate and longevity in Drosophila 

_ melanogaster and Tribolium castaneum 
THERE gre two main groups of hypotheses concerning the 
mechanism of ageing and death. The stochasfic hypothesis 
assumes that ageing is due to the progressive deterioration 


of the metabolic machinery caused by the random accumu- 


lation of disturbances in one ar the other of the cellular 
macromolecules. This hypothesis has been subject to many 
experimental tests, but is not yet supported by conclusive 
evidence. The developmental hypothesis of ageing considers 


© senescence and death as the programmed ultimate stage of 


differentiation and development. Few experiments have been 
designed to test that last hypothesis. In two species of 
© insects, Drosophila and Tribolium-—classical tools in 
= genetical research—-we tried to verify the hypothesis which 
~ relates development to ageing, In Drosophila we looked at 
© the variations of longevity linked to experimentally induced 
<< variations of one of the important components of develop- 
= ment, namely growth rate. In Tribolium, we studied 


longevity. 7 | 

Ageing and death, at the level both of the cell and of 
the organism, are generally considered to be the con- 
sequences of a loss of molecular information. Information 
loss is considered as either the result of random events or as 
linked to development and therefore as the programméd 
endpoint of differentiation. Certain previsions of the modern 
stochastic hypothesis—the error—catastrophe theory'—have 
been confirmed by experiment, but available evidence 
remains inconclusive’*. The developmental theory of ageing 
on the other hand is not easily tested by experiment. Yet 
as early as 1963, Muller’ stated that spontaneous ageing is 
part of normal development, that is, that development.is a 
continuing process of which senescence forms the last stage 
or, in other words, that ageing is ù built-in consequence of 
differentiation. From the latter considerations it has been 
deduced, correctly but probably incompletély, that the only 
likely waye of prolonging lifespan involves a stretching of 
the developmental programme, essentially through a pro- 
longation of immaturity’. Such a prolongation of total life- 
span through a serious prolongation of immaturity, but at 
the sacrifice of part of the adult longevity, is not entirely 
unknown; it was repeatedly obtained, for instance in rats 
receiving varieus incomplete diets during adolescence’. We 
may ask, however, how far does interference with the 
development and differentiation of an organism during 
adolescence have any paramount effect on the future and 
latest steps of life? Indeed at that stage of life, differentiation 
and development are almost complete. Interference during 
the earliest embryonic stages of life seems more promising. 
Poikilotherms thus seem more suitable than homeotherms 
for use in testing a programmed senescence theory of 
ageing, simply because the early developmental homeostatic 
mechanisms of poikilotherms are not strictly regulated, 
although there is good evidence for temperature acclimation. 

The adult longevity of a single genotype of D. melano- 
gaster, samples of which had been grown in a large array 
of pre-imaginal environments known to induce variations in 
both size and duration of development, was measured in a 
single controlled environment. The growth rate, estimated 
by the ratio of thoracic size to duration of development, 
was negatively and highly signiffcantly correlated to 
longevity’ (Fig. la). In explaining the results the authors 
supposed that adult longevity*is determined early in life by 
a defined programme. They further argued that this prô- 
gramme and growth rate could be concomitantly modified 
by varying the preadult environment. These findings 
apparently imply that within a species the variations in 
growth rate, characteristic of the various races of that 
species, should be reflected in the variations of the average 
longevities of those races. To test this deduction we studied 
the growth rate and adult longevity of various genotypes of 
T. castaneum—wild strains from wide geographic origin’— 
in a single controlled environment. 

The environmental conditions were 33 °C, 70% relative 
humidity and standard medium of 95% whole wheat supple- 
mented with 5% dried yeast. Growth rate was measured as 
the weight of the larva at a fixed time, the thirteenth day of 
the larval stage. Adult longevity was estimated during a 
maximum period of 227d. Figure 1b shows the relation- 
ship between preimaginal growth rate and adult longevity 
of eight wild strains of T. castaneum. The variations in both 
traits are quite large and the relationship between them is 
positive and highly significant (r=0.833; n=8; P<0.01). It 
should be emphasised that there is no strong correlation 
between longevity and development time (r=0.569; n.s.) or 
adult weight (r= —0.188; n.s.) (ref. 9). 

Thus in Drosophila an artificially obtained decrease in 
growth rate of a single hybrid genotype results in an increase 
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in. adult longevity, whereas in Tribolium the natural 
variations in growth rate of various wild genotypes are 
positively correlated* with longevity. Except for those 
differences in experimental approach Tribolium and 
Drosophila differ at least in three major ways directly 
related to growth rate and ageing. First, duration of develop- 
ment in.Tribolium seems to be under polygenic control”. 
whereas in Drosophila selection for fast or slow development 
is, generally unsuccessful”. Second, the imaginal longevities 
of both species are quite different; in optimal conditions 
the average longevity of Drosophila is about 50d but in 
Tribolium it is rather more than 130d. Third, and most 
importantly, in contrast to Drosophila’, somatic cell divi- 
sion apparently occurs during the imaginal stages of the 
life cycle of Tribolium”™. 


Growth rate 





40 30 60 70 100 110 120 130 140 150 
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Fig. 1 a, Adult longevity a a function of growth rate in 
Drosophila (r = —0.801; n = 28; P<0,001). Growth rate is 
estingated as the ratio beween ‘the cube of the thoracic size and 
the duration of development. Longevity is measured at 25 °C 
on 14 samples of two reciprocal hybrids raised in various 
pre-imaginal environments—six different temperatures, eight 
different pre-imaginal population densities—which are known to 
modify both the size and the duration of development of the 
treated individuals (redrawn from ref. 8). b, Adult longevity 
eb Wy andard error plotted against growth rate, measured as mean 
13-d larval weight, of eight wild strains of T. castaneum. The 
ge are identified according to their geographic origin as: 
CS (Capetown, South Africa), CU (Chicago, USA), ES 
(Edinburgh, UK), KJ (Kyoto, Japan), KJM (Kingston, Jamaica), 
KN (Kano, Nigeria), VB (Vicosa, Brazil) and VM (Veracruz, 
Mexico). Longevity mieasurement is based on observing adult 
death every 10 d up to a maximum of 227 d from egg. This 
period covered most of the adult death for all strains and the 
e percentage of adults still alive after this period (with a maximum 
of 18% for ES) is highly correlated with the longevity estimates 
(r = 0,840; n= 8; P<0.01). Numbers indicate the sample size of 
each strain. 


In Drosophila longevity thus seems to depend negatively 
on growth rate. Growth rate is the productivity per unit of 
time, the resultant, due to genotype environment inter- 
actions, of anabolism and catabolism. Growth rate may be 
associated with mitotic division rate. When growth rate is 
accelerated or decelerated it may, as a first approximation, 
be admitted that the same happens for mitotic division rate. 
Bozcuk” has demonstrated that the tissues of Drosophila 
show no mitoses after emergence of the imago, so the death 
of the organism must, to a certain extent, coincide with 
cellular death, or at least with the death of a certain number 
of cells. 

It is known from studies carried out in vivo in higher 
organisms that, when a cell enters the ageing pathway, it has 
a life expectancy which is characteristic of the tissue’. 
When the mitotic rate of the tissue is high, as in the 
intestinal lining, the life expectancy of the functional cell is 
only a few days; when it is moderate, as in epidermis, the 
‘life expectancy may be a few weeks; and when it is low, as 
-in liver, the life expectancy may exceed 1 yr. Furthermore, 
artificial prolongation of the epidermal cell life, and of the 


carry out metabolism. If the idea of morphog é 
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liver cell life, may be obtained in conditions-of stress which 

provoke a decreased mitotic rate, These relationships 7 
between growth rate, rflitotic division rate and longe í 
not necessarily demonstrate the validity of t 
mental theory of ageing, nos do they exclude 
catastrophe theory. On the one hand, in re 
developmental theory it may be supposed (as. 
explain the influence of preimaginal temperatu 
life-span“) that the growth rate affects the type o 
that are synthesised and the rates at which these 










accepted, it may. then be supposed that variations in the 
type of molecules present in a cell affect the. course of- i 
differentiation and development. Variations in the. molecular 
composition of a cell as a function of growth rate are no 
unknown; in Escherichia coli for instance the protein . 
composition of the ribosomes varies asa function: of. 
growth rate’. A changing growth rate could thus resultina _ 
different cytoplasmic molecular composition. or configura- = 
tion which could explain an earlier or. later programmed i 
death of the cells and of the organism. On theother. hand, 
if a slower mitotic rate is accompanied by a lower: number Se 
of errors’of teplication (a*point which as yet has not been _ 
demonstrated) this could explain a later, randomly provoked — 
unprogrammed cellular and organismic death. ; 
In Tribolium, where mitotic divisions do not cease after 
emergence”, growth rate is, in contrast to Drosophila, 
positively correlated with adult longevity. So it seems that 
a faster growth rate, resulting probably in a shorter cellular. l 
life expectancy, must be associated in a certain number of 
stem cells with a higher potential number of cell divisions. 
The death of the individual will not coincide with the death 
of some particular cells but with the end of mitotic divisions _ 
in particular stem cells. Although the problem has been © 
studied, little is known about the in vivo limited or un- 
limited lifespan of particular stem cells". One may thus — 
hypothesise that a modification in mitotic rate, through 
a modification of an asymmetrical type of mitotic division”, _ 
may result in a modified cytoplasmic molecular composition __ 
or configuration, with possible implications on cellular fate, — 
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Albedo measurement for 
remote sensing of crop yields 


ANY remote sensing programme designed to estimate regional 
agricultural productivity has three major requirements. First, 
the crops present must be identified; second, the amount of 
land planted to each type must be determined, and third, the 


. 


yields of the crops per unit land area must be evaluated. The 
_ jarge area crop inventory experiment (LACIE) uses measure- 


ments of reflected solar radiation to ftifil the first two require- 


- ments in a true remote sensing context, but to establish yield, 


LACIE relies on statistical and climatological models largely 
dependent on ground-based observations'. Here we report the 


: basis for a crop yield prediction programme that is not subject 


to this restriction. Working with wheat, we have shown that 
the intensity of reflected solar radiation can be used to evaluate 
crop yields per unit land area. Linked to a satellite system, 
this could make the worldwide surveillance of agricultural 
production a technological reality that could greatly stabilise 
erratic fluctuations in world grain trade of the type which 
have recently disturbed the world economy. 

On 3 December 1975, a 72 x 90-m field of Avondale loam 
that had been given an initial application of nitrogen fer- 
tiliser was planted with spring wheat (Triticum durum Desf. 
variety Produra). The field was then divided into six nearly 
equal north-south oriented rectangular plots. Five days after 
planting, each plot was irrigated with 10-12 cm of water, 
There was rfo further irrigation until 83 d after planting, when 
a programme was started to develop six soil water content re- 
gimes, as shown in Fig. 1. Each irrigation usually supplied 


about 10-12 cm of water. The few rains supplied a total of 4.7 


cm, 

The albedo data plotted on Fig. 1 were obtained from mea- 
surements of incoming and reflected solar radiation over each 
plot, as determined by one upright and six inverted Eppley 


e pyranometers located about 50 cm above the top of the crop 


canopy. The data were recorded every 20 min, summed to 
give daily totals to determine mean albedo values, and then 
normalised as described before? to remove variability caused 
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by the changing altitude angle of the Sua during the growing 
season. > 

Twice weekly, green leaf area index tthe ratio of green leaf 
area to the area of soil supporting its growth) was measured on 
three randomly selected plants per plot with an optically 
integrating area meter. When the heads emerged, three other 


erandomly selected plants from each plot were sampled to de- 


termine mean head weight after driving off moisture by drying 
in an oven. To express these data per unit soil area, as in Fig. 2, 
at the end of the growing season we hand-harvested wheat 
from 14-m? sections of each of the six plots and counted every 
plant to obtain the number per unit soil area. 

Figure 1 reveals a decline in albedo’as the season progresses. 
Figure 2 shows that this is due initially to the growth and pro- 
liferation of the leaves (as they progressively shut out more 
and more of the high-albedo soil from view) and finally tq the 
growth and proliferation of the plant heads (which start about 
day 100, when green leaf area bas either reached a maximum 
or begun to decrease). 

These relationships are shown more clearl¥ in Fig. 3, where 
albedo data are first plotted as a furfiction of green deaf area 
index until day 95, and then as a function of head dry weight 
from day 105 to near the end of head growth (when final 
increases in albedo began). The strong linear relation supports 
the idea that final grain yield is alinear function of the minimum 
albedo reached just before the large increases that occur as 
the heads begip to ripen. Comparison of these two parameters 
(Fig. 4) suggests that the hypothesis is verified by our data. 

This analysis shows that measurements of reflected solar 
radiation can be used to estimate agricultural productivity in a 
complete remote sensing context. Our approach makes use 
of ground-based measurements of incoming solar radiation 


Fig. 1 Clear-day normalised albedo of six lala ly plots of Produra wheat grown at Phoenix, Arizona as a function of days 
after planting. 
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< specific and stable antibody. 
a This, combined with the high 
3$ specific activity of the tritium label, 


© * makes the assay extremely sensitive- 
4 : with a detection limit 0.04 pmol. 
. . In addition it can be used over a wide 
p% į range of cyclic GMP levels, with 
linear calibration curve inthe range 
i 0 to 8 pmol. 
oa Add to this simple pipetting 
: t L steps and a short incubation time of 
| MUL hours, and you can see why our 
i; new cyclic GMP kit will join our well- 
\ established cyclic AMP kit as an: 


fl invaluable aid to you r research. 
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Baghdad: 3 weekly flights by DC-8. Cairo: 3 weekly flights 


Abu Dhabi: 2 weekly flights by DC-8. 


Bay BS x ee 


Rene 





Dubai: 2 weekly flights by DC-8. 
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Now thatthe Middle Easthasbecome _ in its crisp, businesslike fashion it hé 
a great centre of business and finance, thought up some ways to keep travel 1 
the ancient fabled world of the Easthas the Near and Middle East from losing < 


been somewhat neglected. its magic. 
Swissair finds this rather a pity. And so For instance there are non-stop fligh 
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esame. 


Oand 3by DC-8 





ym Switzerland to Baghdad, Dhahran, 
anbul, Teheran, Cairo and Tel Aviv. 
ime of them with fabulous DC-10 planes. 
iddirectflights to Abu Dhabi, Damascus, 
ibai, and Kuwait. 


Dhahran: 3 weekly flights by DC-8 





Tel Aviv: 4 weekly flights by DC-10 and 2 by DC-8 





Tickets of admission and informa- 
tion on the best connecting flights from 
London and Manchester to Switzerland. 
may be obtained from your travel agent 
or Swissair. 





Circle No. 09 on Reader Enquiry Form. 
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Cutrock ` . 
equipment 

is now avallable 
from ELE 


ELE is one of the World's leading suppliers of 
equipment for the testing of soils, concrete, 
asphalt and related materials used in Civil 
Engineering. 

We have now extended our field of activity 
to include selected items of Cutrock 
equipment, acknowledged as being sonte of 
the finest in the world. 

The range covers 

® Geological hammers 

@ Rock splitting and crushing 

® Core drilling 

è Rock and core cutting 

@ Thin section cutting and grinding 

@ Lapping and polishing 


For a comprehensive brochure on 
ELE-Cutrock equipment, please contact 


Fe . 


Engineering ra 
Laboratory oH 
Equipment Limited ` Eu 


anann 


Frogmore Road, Hemel Hempstead, Herts HP3 SRL, England 
Telephone: Heme! Hempstead (0442) 50221 
Cables: Elequip, Hemel Hempstead. Telex 825239 





Circle No. 10 on Reader Enquiry Form. 
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Methionine-?H 





70-85Ci/mmol 


Highest specific activity available 


For aspects of protein synthesis requering a high 
specific activity label . . 
Methionine, L-|methy/-°H|- 70-85Ci/mmol 
Ethanol:water solution, 7:3, shipped in dry ice 
NET-016X $30/250uC' $72/1mCi $170/5mCi 





Also 
Adenosy!l-L-methionine, S -|methy/-°H]- 55-70Ci/mmol 
NE{-155H 
ution. Not for use in humans or clinica! diagnosis 
Cr New boty oie Nuclear 
yeei Sus eg ny — 
NEN Canada Ltd., Lachine, Quebec, NEN Chemicals GmbH, Dreieich, W. Germany 


Circle No. 11 on Reader Enquiry Form. 
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Ne MROTOR RECORDER C 


continuous, 
automatic 
hotographic 

recording 


Modular 35 mm camera 
systems with choice of 
film capacity, picture 
format, lenses and a 
wide range of 
accessories. Mains or 
battery operation. 
Maximum repetitive 
rate of 5 f.p.s. regard 
less of negative size 
and film magazine 
®New 30 ft. magazine 
with dayliaht loading 
spools 
*Film capacity of up 
to 8,000 exposures 


S. Davall & Sons Limited 


Incorporating Telford Products Ltd., 


3, Aintree Road, Perivale, 
SAVALL Middlesex UB6 7JE England 
Tel: 01-998 1011 Telex: 935524 


details available 
on request from: — 
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te every-9-d coverage. now provided by the LandSat satellite 
“systems, in order accurately to establish: albedo trends before 


early rains that reduced soil albedo were not apparent beyond e 


of 2.5 or more. Thus, beyond this stage of growth, soil albedo 
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Fig. 2 Green leaf area index (@) and head dry weight (©) accumulation of six differentially- -irrigated plots of Produra wheat grown at 
Phoenix, Arizona as a function of days after planting. 


to standardise our data in an albedo format; but many other 
means of standardisation could be used which do not require 
ground-based measurements. Normalisation to some constant 
albedo feature such as a dry lake bed, a rock outcrop, a non- 
eutrophic lake, or even a man-made surface: could be ac- 
complished entirely by remote sensing. In „such @ programme, 
however, over-flights may need to be more frequent than the 


¿and after head ripening to determine the critical minimum 
albedo value required to estimate final grain yield. 

“Our present approach is intended for use oniy with grain 
crops, but might be extended to other types of crops. For two 
‘reasons, our data suggest that the linear relationship shown 
in Fig. 4 may be applicable to durum wheat (Produra) grown 
anywhere in the world. First, the low albedo values after the 


- Normalised albedo 


day 80, when gil plots had developed green leaf area indices 





seems to be of no consequence. Second, there were significant 0.165 3 4 500 600 Tie 
‘differences in the numbers of heads produced by each plot, $ H 
yet no explicit accounting for this fact was required by us in 


correlating albedo with final grain yield. Thus, density of plant- Fig. 3 Clear-day normalised albedo against green leaf area index 
ing may also prove to be of little consequence.. | and head dry weight of Produra wheat grown at Phoenix, Arizona. 


‘Green leaf area index (@) , Head dry weight (©) 
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Final yield of grain (kg ha~ *) 


0.21 


0.17 ° 0.19 
Minimum normalised albedo 


0 
0.15 


Fig. 4 Final grain yield of six differentially-irrigated plots of 

Produra wheat grown at Phoenix, Arizona against the minimum 

value of normalised albedo measured over each plot. y = 
28, 370-134, 700 x, Fy- x = -0.986. 


Finally, we believe that measurement of reflected solar 
radiation is one viable means for the remote sensing of crop 
yields. Together with estimation techniques based on remote 
surface temperature measurement’, it should make possible 
a remote sensing system for the evaluation of agricultural 
productivity on a global scale. 

S. B. ipso 
R. J. REGINATO 
R. D. JACKSON 
US Water Conservation Laboratory, 
4331 East Broadway, 
Phoenix, Arizona 85040 
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Experimental transmission of 
Leishmania chagasi, causative agent 
of neotropical visceral leishmaniasis, 


: bythe sandfly Lutzomyia longipalpis 


THE phlebotomine sandfly Lutzomyia longipalpis Lutz .& 


© Neiva (Diptera: Psychodidae) has long been suspected to 


be the vector of Leishmania chagasi Marques da Cunha 
& Chagas, in the principal foci of human visceral leish- 
maniasis (‘kala azar’) in Latin America’. In general, the 
distribution of this sandfly coincides with the human 


_ disease, and the insect is a common domestic or peri- 
> domestic species which feeds avidly on man. Lu. longipalpis 


has been found naturally 
+2~3 


flagellates which could have been those of L. chagasi `, 


ae but on none of these occasions was the parasite inoculated 
= into susceptible laboratory animals and its true identity 









remains unknown. Previous attempts to experimentally 


transmit L. chdgasi by the bite of Lu. longipalpis have 
- failed’, We report here the first experimental transmissions 
of the parasite by laboratory-bred Lu. longipalpis, thus 


infected with promastigote * 
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providing further evidence that this*sandfly is a major 
vector of American visceral leishmaniasis. 

In transmission experiments we used an isolate 
(L.d./PP-75) of L. chagasi obtained from a child from 
Ituacy, Bahia State, Brazil. The parasite was passed from 
the original culture medium in which it was isolated, 
directly into hamsters: it had been passaged in these 
animals on-only three occasions before the present experi- 
ments were commenced, It is a particularly virulent 
organism in the hamster, the animals usually dying of a 
fulminating infection in 5~7 months after the intraperitoneal 
inoculation of spleen suspension from infected animals. 

Our closed colony of Lu. longipalpis was established 
from flies collected in houses and farm buildings in Morada 
Nova, Ceara State, north-east Brazil: at the time of this 
work it was in its twenty-third generation’. ° 

The infection rate obtained by feeding Lu. longipalpis on 
the skin of anaesthetised, infected hamsters was low (about 
10%) and we felt that if successful transmission was to 
be achieved we needed much larger numbers of heavily 
infected sandflies than this method could provide. Following 
the findings of Adler and Theodor*, one of us (R.D.W.) 
tried feeding Lu. longipalpis on defibrinated rabbit blood 
through a variety of membranes. It was found that large 
numbers would readily engorge, and that the most suitable 
membrane was freshly removed chick skin. Temperature 
of the blood was maintained at 37°C by use of an 
immersion thermostat apparatus (Thermomix H). We felt, 
therefore, that by using this system with a suspension of 
amastigotes of L. chagasi in rabbit blood we could probably 
ensure that all fed sandflies were infected. 

Hamsters with 5-—6-month-old infections usually showed 
spleens that were packed with parasites. The spleen of 
one such animal was triturated in a glass tissue-grinder 
with 4.0 ml of sterile, defibrinated blood which hdd been 
inactivated at 56°C for 20min (Fig. la). Approximately 
300 Lus longipalpis were fully engorged on this suspension, 
through a chick membrane, and subsequently maintained 
in individual tubes’. 

Dissections of sandflies confirmed a 100% infectiop rate: 
by 5d after the infective feed they were showing massive 
promastigote infections throughout the midgut and up to 
the anterior part of the cardia, where they appeared as 
stubby or rounded forms attached to the intestinal wall. 

Each day, all those sandflies which had oviposited were 
released into a cage into which was placed a clean 
hamster, anaesthetised with Nembutal (Abbott). The 
animal was placed on its back and secured to a cork board 
with adhesive tape: its abdomen was shaved, to offer 
maximum surface area to the sandflies, and all re-feedings 
were catried out in the dark. Twelve transmission attempts 
were made, using batches of 4-40 infected flies. The first 
was on day 7 after the infective feed, and the rest on 
days 8-17 and 1% 

Numerous flies were dissected during the experiment in 
order to follow the development of L. chagasi, and in 
particular to see when flagellates first gained entry to the 
pharynx and proboscis. o 

On day 5 of the infection the single fly examined 
showed enormous numbers of long thin promastigotes 
(Fig. 1b) in the midgut, with somewhat shorter, dividing 
forms in a more anterior position in the cardia (Fig. Ic). 
No parasites were seen in the pharynx, cibarium or 
proboscis. Two insects dissected on day 6 showed a 
similar pattern of development. 

On day 7, one out of three Lu. longipalpis showed three 
promastigotes swimming freely in the pharynx. These 
parasites (Fig. 1d) were notably smaller than the form 
seen in the midgut of the same fly, and they moved with 
extraordinary rapidity. No parasites were seen in the 
proboscis of this insect, and the two other sandflies 
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Fig. 1 Experimental transmission of Leishmania chagasi by the bite 
of the sandfly Lutzomyia longipalpis. a, Stained smear of a 
suspension of amastigotes of L. chagasi obtained by triturating 
the spleen of an infected hamster in inactivated rabbit blood. This 
material was used to infect the sandflies, through a chick-skin 
membrane. b, Long, thin promastigotes of L. chagasi, as seen in 
the midgut of Lu. longipalpis, 5 d after the infective feed. c, Shorter 
flagellates, some dividing, from the cardia of the same fly. d, Small 
promastigotes of L. chagasi from the pharynx of Lu. longipalpis 
on day 7 of infection. e, Impression smear of the spleen of a 
hamster, approximately 4 months after the animal was bitten by 
three infected Lu. longipalpis: intracellular and extracellular 
amastigotes of L. chagasi. All preparations fixed in absolute 
methyl alcohol and Giemsa-stained ( x 1,420). 
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dissected at the same time had flagellates no further 
forward than the cardia. On day 8, a single insect 
examined again showed a massive infection of the midgut, 
including the gardia, but absence of parasites in the 
foregut, Subsequently, pharyfgeal forms were once more 
seen, in one fly, on day 10. Six others dissected during days 
11-13 showed only midgut infections. 

The first occasion on which flagellates were seen in the 
proboscis was on day 14, when two flies were dissected : 
both showed the usual, heavy midgut development of 
L. chagasi and, in addition, a number of shorter and more 
active forms in the pharynx. In one of the sandflies, 
however, a single parasite was seen moving rapidly up and 
down the length of the proboscis. 

No foregut forms were seen in two insects examined on 
day 15, but light pharyngeal and proboscis infection was 
found in one sandfly on day 16. Finally, two flies dissected ` 
on day 17 showed parasites restricted to the midgut; no 
sandflies were examined beyond this date. 

One hamster was found moribund, just ovgr 4 months 
after three infected Lu. longipalpis had fed on it. Necropsy 
Showed weryelarge numbeygs of amastigotes of L. chagasi 
in impression smears of the spleen (Fig. le), and slightly 
fewer in the liver: culture of splenic tissues in blood—agar 
medium (NNN) produced growth of promastigotes. The 
remaining 11 hamsters were killed and examined at various 
dates from 5-6 months after the experiment, and four 
more proved to be infected: they showed variable numbers 
of amastigotes in the splegn, liver and bone marrow, and® 
in all cases the spleen was the most heavily parasitised 
organ. 

Thus at least 5 separate transmissions were achieved 
after feeding a total of 34 infected Lu. longipalpis on 12 
hamsters. As up to six infected sandflies were on some 
occasions persuaded to feed on a single hamster, it is very 
likely that the number of transmissions was in fact more 
than five. 

All transmissions were made during the first blood meal 
after the insects were infected, on days 7, 11, 13, 14 and 
15. The transmission as early as 7d after the infective 
meal is particularly interesting, for although scanty 
pharyngeal parasites were seen in one fly at this time no 
proboscis infections were recorded until the fourteenth 
day. Possibly the previous presence of flagellates in the 
proboscis is not prerequisite to transfer of the parasite, 
there simply being a surge of parasites forward from the 
pharynx, into the mouthparts, during the feeding process. 

The incubation of the infection to a fatal stage in the 
hamster following transmission by the bite of the sandfly 
did not differ significantly from that obtained after the 
direct passage of amastigotes by syringe. This seems 
surprising, considering the very large number of amastigotes 
usually injected—with a triturate of hamster spleen, for 
example. It suggests that many more promastigotes may be 
inoculated by the sandfly vector than we have previously 
suspected. x 

We consider that the luxuriant growth of L. chagasi in 
Lu. longipalpis, the consistent migration of the parasite 
to the anterior station of the intestine and the biting 
mouthparts, the relative ease with which transmission was 
achieved by the bite of the insect, together with previous 
epidemiological evidence, confirm that Lu. longipalpis is 
a major vector of L. chagasi in endemic areas of human 
visceral leishmaniasis in Latin America, A detailed account 
of the morphological development of L. chagasi in Lu. 
longipalpis will be published elsewhere. 

This work was supported by the Wellcome Trust and 
the Instituto Evandro Chagas of the Fundaçâo Serviços 
de Saúde Pública (F. SESP)*of Brazil. We thank Roberto 
Naiff, Maricleide Farias, Cristina Loureiro, Cesarina 
Arcanjo and José Almeida for technical assistance. Aluízio 
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Conjugal transfer of R plasmids ° ° 
in Neisseria gonorrhoeae 


THE appearance of penicillin-resistant, B-lactamase-producing 
strains of Neisseria gonorrhoeae has been the cause of consider- 
able concern'. We have recently shown that §-lactamase 
production by these gonococci is plasmid mediated’. Two 
distinct R plasmids have been characterised; one, with mass 
4.4x10* was common in gonococci isolated from military 
personnel in the Far East and their sexual contacts. The other 
plasmid with mass 3.2 x 10° was found in a strain isolated from a 
woman in London? and we have also found this plasmid species 
in clinical isolates from Liverpoolt. DNA-DNA duplex studies 
have revealed that both gonococcal R plasmids posses a signifi- 
cant portion (about 40%) of the transposable sequence, TnA, 
which includes the B-lactamase gene commonly found on R 
plasmids of the Enterobacteriaceae, Pseudomonas aeruginosa 
and Haemophilus influenzae*. 

While studying the B-lactamase producing gonococci from 
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the Far East we noted that they differed m nutritional require- 
ments and in chromosomal antibiotic resistance genes, suggest- 
ing that there had been considerable dissemination of the R 
plasmid rather than simply the spread of a single ancestral 
clone. Investigations into the possible modes of dissemination 
led us to discover that a 24.5 10° molecular mass indigenous 
plasmid possessing sex factor activity seems to play a 
significant part in the transfer of R plasmids from gonocci to 
other strains and bacterial species. . 

Historically, the only known mode of genetic transfer among 
gonococci and related species has been by DNA transformation®. 
Transformation for chromosomal genes occurs readily to 
gonococci which posses pili (T1 ant T2 strains) but not to 
strains which do not possess pili (T3 and T4 strains)®. 

We, therefore, studied first the possibility that gonococcal 
plasmid DNA could be disseminated by transformation. 
Purified covalently-closed plasmid DNA was isolated from 
several B-lactamase-producing, gomococci by dye buoyant 
density centrifugation of cleared lysates’. The plasmid DNA was 
analysed by the agarose gel electrophoresis method? as well as 
by measuring the contour length of open circular DNA in the 
electron microscope®. As previously described by us and 
others!® gonococci almost invariably possess an indigenous 
plasmid 2.6 x 10° in mass. A 24.5 x 10° molecular mass indigen- 
ous plasmid is also found in about 5°% of the penicillin-sensitive 
strains either alone or coexisting with the 2.6 x 10° plasmid’. 

Thirteen imdependently isolated B-lactamase producing 
strains were examined. All strains contained the 2.6 10° 
plasmid. Each of the nine Far East strains carried the 4.4 x 10° R 
plasmid and the four strains isolated in Great Britain carried 
the 3.2 x 10° R plasmid. Three out of the nine Far East strains 
also contained the indigenous 24.5 x 10° plasmid while none of 
the Great Britain strains carried it. 

Purified covalently-closed plasmid DNA and bulk cellular 
DNA isolated by the methods of Catlin™ was used to transform 
the Ti form of the penicillin-sensitive (Pen*), proline requiring 
(Pro~) N. gonorrhoeae strain F62. Using the transformation 
procedure of Sparling’, we could readily detect transformation 
for proline independence with the bulk cellular DNA (at a 
frequency of about 1°%)5, but could not do so with the plasmid 
DNA. There was no detectable transformation to B-lactamase 





Table 1 R plasmid transfer by N. gonorrhoeae 


Plasmid Plasmid No. of penicillin- Property of 
complement complement resistant cells per penicillin-resistant 
Donor straint (x 10°) Recipient strains ( x 10°) 10° recipient cells cells . 
N. gonorrhoeae CDC67 24.5 N. gonorrhoeae F62 2.6 10,000* Pen’ Rif? Nal’ Pro“; 
(T4, Pen‘) ai 4.4 (T4, pro™ rif! nal’ Pen*) 2.6 x 10° and 4.4 x 10° 
Far East 2.6 plasmid 
N. gonorrhoeae CDC67 24,5 E. coli HBIO1 — 10 Pen" E. coli, 
(T4, Pen’) 4.4 (Amp*) 4.4. 10° plasmid 
Far East 2.6 
N. gonorrhoeae CDC36N 4.4 N. gonorrhoeae F62 26o 4 <10% on 
(T4, Pen’ naf) 2.6 (T4, pro™ rif! nal Pen’) 
Far East 
N. gonorrhoeae IPL 3.2 N. gonorrhoeae F62 2.6 <10- a 
(T4, Pen’ arg~ nal") 2.6 414, pro- rif" nal’ Pen’) 


Great Britain — 


* 





Equal volumes of donor and recipient cells (1 x 10° colony forming units of each) were mixed in 10 ml of modified GC broth? supplemented 
with 2x 10-> M CaCl, and 2x 1075 M MgCl,. After overnight incubation the cells were collected by passing 3 ml of the culture through a 
membrane filter (Biorad 0.2 pm). The filter was then placed on plates of double-strength Kellogg's medium’ and incubated for 6 h. The filters 
were removell and placed in 2 ml of GC broth and vigorously agitated to remove the cells. Samples of the mating mixture were plated on 
Kellogg's medium supplemented with 1 pg mi penicillin G and 1 ug mi~ nalidixic acid or 1 g ml! penicillin G and 1 pg mi~ rifampicin, 
Colonies appearing on the selective media were restreaked five times on the same selective media, and tested for B-lactamase activity using a 
chromogenic cephalosporin substrate’. The plasmid component of representative colonies showing B-lactamase activity was determined by 
Agarose gel electrophoresis. 

Similar mating experiments were performed with E. coli HB101 as recipient and B-lactamase-producing recipients were selected by plating 
on MacConkey’s agar containing 30 ug ml ~ ampicillin. In some experiments, 50 ug m! ~? of DNase (pancreatic DNase, Worthington) was added 
A the broth medium at the time of cell mixing, readded just before filtration, and added once again when the cells were removed from the 

iter. 

*The data preserted is from ofte set of experiments. In three later matings a range of 10° to 10* penicillin-resistant cells per 10° recipients 
were found in the CDC67-F62 matings. 

+T4 colony type, see text: pro, proline required; arg~, arginine required; Pen‘, penicillin resistant; Pen‘, penicillin sensitive; rif", 
rifampicin resistant; zal", nalidixic acid resistant; Amp*, ampicillin sensitive. 
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production with either the cellular or plasmid DNA niperition. 
A number of other gonococcal recipients were then used, 
including a strain devoid of any plasmid species. None was 
transformed for B-lactamase production. In contrast, Æ. coli 
K-12 recipients were transformed to ampicillin resistance at a 


a b C d e f g 


Molecular 
weight x 10° 


Chromosome 


-4g 
-OC 





Fig. 1 Agarose gel electrophoresis of ethanol-precipitated DNA 
from cleared lysates of donor, recipient and penicillin-resistant 
recipient strains of N. gonorrhoeae and E. coli. a, Strain of E. 
coli HB101 penicillin-resistant recipient containing the 4.4 x 10° 
dalton plasmid derived from parental strain in slot b. Occasionally 
in the Æ. coli penicillin-resistant recipient lysates a plasmid band 
appears above the chromosome on the Agarose gel (not seen in 
this picture), The unusual band has been identified as an oligomer 
of the 4.4x10* plasmid by restriction enzyme analysis. b, 
Ampicillin-sensitive recipient strain of £. coli HB101 containing 
no plasmids. c, Ampicillin-resistant recipient contaifting the 
4.4x10* dalton plasmid and the 2.6 10° cryptic plasmid, 
derived from parental strain in slot d. d, Penicillin-sensitive 
recipient strain of N. gonorrhoeae F62 containing the 2.6 x 10° 
cryptic plasmid. e, Penicillin-resistant donor strain N. gonorrhoeae 
CDC 67 containing the 24.5 x 10°, 2.6 x 10° indigenous plasmids 
and the 4.4 x 10° R plasmid, f, Penicillin-resistant donor strain of 
N. gonorrhoeae CDC36N containing the 2.6 x 10° indigenous 
plasmid and the 4.4 x 10° R plasmid. g, Standard plasmid DNAs; 
ranging in size from 62 x 10° (uppermost band) to 1.9 x 10° (lowest 
band). OC refers to the open circular form of the 2.6 x 10® 
cryptic plasmid. 


frequency of about 10° cells per microgram of purified plasmid 
DNA, and were found to possess only a single R plasmid. We 
concluded, therefore, that the gonococci were refractory to 
transformation by closed circular plasmid DNA and the 
mechanism for the dissemination of the gonococcal R plasmids 
was not likely to be transformation. 

The relatively high incidence of the 24.5 x 10° indigenous 
plasmid among the B-lactamase producing strains suggested the 
possibility that this plasmid might possess sex factor activity 
and that R plasmid transmission between gonococci might be 
mediated by conjugation. Donor and recipient strains ex- 
hibiting the non-piliated T4 colonial morphology were isolated. 
The donor strains were all B-lactamase producers and either 
required arginine (Arg~) or required no added amino acids 
to grow on Catlin’s defined medium". The donor strains were 
sensitive to 1 ug ml ~! of nalidixic acid (Nal) and/or | ug mi 
of rifampicin (Rif). The recipient strain used was the T4 form 
of the strain F62 (Pro~ Rif* Nal’). Matings were performed 
by a variation pf the filter method used by Van Klingeren ef al. 
to examine the conjugative properties of H. influenzae R 
plasmids**. Similar mating experiments were also performed 
using E. coli. strain HB101 (ref. 7) as a recipient. 

The results of several representative mating experiments are 
summarised in Table 1. Plasmid complements of donor and 
recipient cells as well as resistant cells recovered from mating 
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mixtures are illustrated in Fig. 1. B-lactamase-producing N. 
gonorrhoeae and E. coli recipient cells were recovered in the 
matings. However, succtssful transfer of the R plasmid was 
observed only when the donor gonococcal strain possessed the 
24.5 x 10° plasmid as well as the R plasmid. No §-lactamase- 
producing recipients could therefore be isolated from matings in 
which isolates from Great Britain weresused as donors nor with 
donor strains of Far East origin which lacked the 24.5 x 10° 
plasmid. As shown in Fig. 1, the acquisition of f-lactamase 
biosynthesis by recipients was associated with the appearance 
of R plasmid DNA. The selection of B-lactamase-producing 
gonococci or E. coli recipients was not influenced by the 
presence of DNse (data not shown). 

The data suggests that the indigenous 24.5x 10° plasmid 
plays a significant part in the transfer of R plasmids from 
gonococci to other strains and species. We hypothesise that 
this large cryptic plasmid possesses sex factor activity and is- 
able to mobilise or otherwise promote the transfer of the 
smaller coexisting R plasmid by conjugation. It seems impro- 
bable that transformation is involved in the transfer of R 
plasmids in mixed culture because of the failure t demonstrate 
the phengmenon with purified plasmid DNA, because the T4 
donor and recipient cells “are not normally competent for 
DNA transformation®, and because plasmid transfer in mixed 
cultures was uninfluenced by DNse. Phage-mediated transduc- 
tion could be an alternative explanation for our results, although 
to our knowledge no gonococcal phage has been described and 
any transducing phage would have to have the unusual ability 
to infect both E. coli and Neisseria. Moreover, cell-free filtrates, 
of the donor strains could*not transfer the R plasmid to N. 
gonorrhoeae or E. coli recipient cells (data not shown). 

It thus seems likely that conjugation is the mechanism of 
R plasmid transfer in the gonococci and is promoted by the 
24.5 x 10° plasmid. In overnight matings the 24.5 x 10° plasmid 
and 2.6 10° plasmid are often also detected in Neisseria 
but not E. coli which received the R plasmid. Recent data has 
shown that the 24.5 x 10° plasmid is capable also of promoting 
the transfer of chromosomal genes. The finding that R plasmids 
of N. gonorrhoeae seem to be readily transmitted among 
various strains of gonococci has serious epidemiological 
implications. Not only must we be concerned about the pos- 
sibility of widespread dissemination of resistance but also the 
extension of resistance to related microorganisms such as N. 
meningitidis which are currently penicillin sensitive. We feel 
this change is required in light of new data which has shown 
that in overnight mating significant numbers of gonococcal 
recipients received the 24.5 MDal plasmid and thus are capable 
of transmitting the R plasmid to new strains. This has very 
serious epidemiological consequences. 

We thank Dr C. Thornsberry, Cénter for Disease Control, 
Atlanta, Georgia for providing us with the penicillin-resistant 
strains of N. gonorrhoeae, and Dr Lynn Elwell and Dr Leonard 
Mayer for help and suggestions. This work was supported by a 
grant from the National Institutes of Allergy and Infectious 
Diseases. 
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Thymus metabolises progesterone— 
possible enzymatic marker for T lymphocytes 
FemaLes of the athymid mutant strain of nude mice show severe 


deficiencies in reproductive function. The ovaries and the uterus 
are abnormally small’, puberty is delayed”, oestrous cycles are 


abnormal and mature females are usually sterile’*. These * 


abnormalities can be prevented by grafting thymic tissue at 
birth?:3. Similar abnormalities result from neonatal thymectomy 
of normal female mice, and can be corrected by thymus 
re-grafting up to 7 d age®*. These observations suggest an 
involvement of the thymus in gonadal development and function. 
Conversely, certain sex hormones are known to cause atrophy 


* of the thymus®. Hitherto, however, there has been no evidence 


implicating the thymus of the infantile mouse in sex hormone 
metabolism. We report here the presence of 20a-hydroxysteroid 
dehydrogengse (200-SDH) activity in the mouse thymus, an 
enzyme engaged in progesterone metabolism. 

Thymus glands of 10-d-old C57BL female mige were homo- 
genised in 0.01 M sodium phosphate, pH 7.4, 0.25 M sucrose 
and 0.001 M MgCl, and incubated at 37 °C with 1,2,6,7-°H- 
progesterone Ix 10° d.p.m. (specific activity 100 Ci mmol™, 
New England Nuclear) and varying amounts of unlabelled 
progesterone in the presence of I mM NADPH and 10 mM 
glucose-6-phosphate. After 5-60 min of incubation the resulting 
steroids were extracted with diethyl ether and separated by 
thin-layer chromatography in the system ether~chloroform 
(3:10), where the substrate isseparated from reduced metabolites 
of progesterone. Radioactive zones were located on the plates 
by scanning with a gas-flow counter (Packard model 7201) and 
the radioactive compounds were scraped off the plates, eluted 
with methanol and counted in a Packard TriCarb Scintillation 
counter. | 

Radiolabelled progesterone was converted to a radioactive 
product with chromatographic mobility (Re = 0.33) identical 
to that of 200-hywiroxypregn-4-en-3-one (20G-OHP) and 
distinct from the residual substrate (R; = 0.66). The compound 
did not dissociate from carrier 20a-OHP when cochromato- 
graphed in two additional systems, benzene-gcetone (4:1; 
R; = 0.4) and cyclohexane-ethyl acetate (1:1; Re = 0.46). 
A mixture of the TLC-purified radioactive product (92,000 
d.p.m.) and authentic 200-OHP (31.5 mg; Ikapharm) was 
recrystallised thrice from aqueous methanol, yielding crystals 
of constant specific activity mg; 
mean --s.e.m.), and the specific activity of the second and third 
crops of crystals did not differ significantly from the corres- 
ponding mother liquors. These results indicate that the 
progesterone metabolite formed by the thymus tissue was 
200-OHP. 

The thymic enzyme catalyses the reaction in both directions: 
incubation of thymus homogenate with 20a-OHP in the 
presence of NADP resulted in the production of progesterone 
(data net shown). When 20a-OHP was incubated with thymus 
homogenate for 2 h in the presence of NADPHe no additional 
metabolites were detected. . 

Activity of thymic 20a-SDH was linear up to 30-min incuba- 
tion at 37 °C (Fig. la), and was directly proportional to protein 
concentration (measured by the method of Lowry ef al"), 
up to 600 fg mi~ (Fig. 1b). The apparent Km of the thymic 
200-SDH was 21.6+-3.3 uM (Fig. Ic), which is close to the 


value reported for the ovarian 20a-SDH (ref. 7). The Vimax of R 


200-OHP per mg protein per 20 min. 

A comparison of 20a-SDH activity in various organs of 
immature mice (Table 1) shows that enzyme activity of the 
thymocytes is atleast 16-fold. higher than in lung or kidney 
tissue. The thymocytes seem to be the source of the thymic 
enzyme, as their specific activity is approximately twice that of 
the whole gland. Considerable enzyme activity is present in the 
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Fig. 1 Kinetic properties of thymic 20a-hydroxysteroid depydro- 
genase. The enzyme in homogenates of thymus glands from 
10-d-old mice was assayed as described in the text, except that in 
a and b cold progesterone, 25M, was used as substrate. a, Time 
course of enzyme activity (470 pg protein per ml). Each point 
represents the mean of duplicate determinations. 6, Effect of 
enzyme concentration on the rate of conversion of progesterone 
to 20a-dihydroprogesterone, c, Double reciprocal plot of results 
according to the Lineweaver-Burk method. The apparent Km 
was estimated according to Wilkinson. The Km was 21.6 £3.3 
and Vaas 10.0+-0.4 nmol 20a-OHP per mg protein per 20 min. 


spleen of normal C57BL mice, but is almost absent in the 
spleen of athymic (nude) mice (Table 1). These results suggest 
that 20a-SDH is associated with thymus-processed T lympho- 
cytes, and not with B lymphocytes. To clarify this point, the 
ability of thymocytes and spleen cells from phenotypically 
normal heterozygous (nu/+ CS7BL) to reduce progesterone 
was compared to that of spleen cells from athymic (nu/nu) mice 
of the same age (6-week-old). The red blood cells were selectively 
lysed by treatment with 0.83 NH,CI and the remaining white 
cells were washed With phosphate-buffered saline, collected by 
centrifugation at 500g (10 min) and resuspended in RPMI1640 
containing 1.0 uM of labelled progesterone (400,000 d.p.m.). 
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Table 1 Distribution of 20a-hydroxysteroid dehydrogenase 
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Organ Specific activity 
(nmol 20a-OHP produced per mg protein per h) 
Thymus 4,39 
Thymocytes 9.87 
Spleen 0.25 
Spleen of athymic mouse* 0.03 
Lung 0.61 
Kidney 0.29 ° 
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Thymus and other organs from 10-d-old female C57BL (nu/+) 
mice were assayed for 200-SDH activity as described in Fig. 1 legend. 
The homogenates were incubated for 60 min. 

* Athymic nude C5S7BL (nu/nu) mouse and the phenotypically 
normal heterozygous CS7BL (nu-+) were obtained from G. L 
Bomholtgaard, Denmark. 
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The Science | 
| Dictionaries | ~ 


Three useful and up-to-date works of reference 
intended not only for students, teachers and 
researchers but also for science journalists and the 
general reader. 

Each book is designed for easy use - entries are 
arranged alphabetically and defined under the most 
common form of term, with synonyms in brackets. 
S.i units are used throughout and all entries are 
thoroughly cross-referenced. 


A Dictionary of Life Sciences 
E. A. Martin 


The recent trend to treat the biological /life 
sciences as a whole rather thandlividedinto ° g 
separate units is reflected in this concise dictionary 
which brings together in one volume all the main 
branches of zoology and botany. Selected terms in 
related fields of biochemistry, endocrinology, anima! 
behaviour and palaeontology are also included. All 
| major plant and animal classes are fully described as 
el wellas the more important orders, and common 
f names of animals and plants art cross-referenced 
to their appropriate taxonomic groups. 
1976 £5.95 392pp 


| 
A Dictionary of Earth 
| 











ottest 
A Dictio available | 


The subjects covered here include geophysics, A 5-Hydroxy [23 9 42H] cholecalciferol 
ł 





stratigraphy, palaeontology, sedimentology, 
climatology, meteorology, soli science, cartography, 
mineralogy, petrology and surveying. The terms 
defined reflect the recent modification of traditional 
concepts and the resulting development of * 
terminology in the earth sciences. In soil science, 
for example, a new system of classification is now in 
in use, with a completely new terminology for the 
soll orders. 

1976 £5.95  J2üpp 
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This book covers the main branches of physics, 

chemistry and astromony - from Abbe condenser to 

zoom lens and zwitterion. A selection of relevant 
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are given of the properties and uses of the chemical 

elements and many of their compounds. All the 
chemical terminology used is that recommended by 

the International Union of Pufe and Applied 
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The rate of 20a-OHP accumulation ( (pmol h~ per 5 & 10° cells) 
during a l-h incubation at 37°C determined as described 
before, was 335.0 for thymocytes, 105.0 for spleen cells from 
nu/-+ mice and < 5.0 for spleen cells from athymic nu/nu mice. 
The results indicate that in lymphocytes the enzyme is only 
represented in the T-cell type. s 


It has been reported that thymic tissue and lymphocytes are , 


capable of reversibly oxidising cortisol to cortisone®, and that 
tke activity of the enzyme that catalyses this oxidoreduction 


(11B-hydroxysteroid dehydrogenase) was 0.128 nmol per . 


100 mg tissue per 3h incubation, which is <1/1000 of the 
activity of 20a-SDH reported here. 20a-SDH occurs in ovaries 
of many species and particularly in regressing corpora lutea of 
rodents, where its appearance signals the onset of luteolysis®:!°, 
To our knowledge, no other enzyme activity connected with 
sex steroid metaVolism has been reported to operate in the 
thymus. 

During the incubation of radiolabelled progesterone with 
thymocytes we were able to ‘detect a small amount of Sa- 
reductase activity an enzyme which reduces progesterone to its 
Sa-pregnane derivative. The major pregnane product formed 
was identified as 5a-pregnane-3,20-dione by chromatography 
in 3 TLC systems, and by gas-chromatographic analysis of its 
bis-thioketal derivative". In addition, the partially purified 
product was recrystallised with authentic 5a-pregnane-3,20- 
dione (Ikapharm) to constant specific activity. 

The significance of the two progesterone metabolising enzyme 
activities in the thymus is not clear. Progesterone has been 
reported to be immunosuppressivet®!3 at high concentrations, 
which are achieved, probably, only near its site of formation 
in the foeto-placental unit. It is therefore conceivable that an 
enzyme engaged in reducing progesterone may have a role in 
the defence mechanisms mediated by thymocytes. Experiments 
are in progress to relate the distribution of 20a-SDH to that of 
known, T-cell markers, such as 0 antigen and responsiveness to 
plant lectins. 
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Evidence for control of complement 
receptor rosette-forming 
cells by a- and B-adrenergic agents 





PHARMACOLOGfCAL agents such as dibutyryl cyclic AMP’, 
cholera toxin’ and -adrenergic stimulants’ have an effect 
on antibody production which can be inhibitory or 
-enhancing, depending on the dose used and the time of 
addition of the agent. Such stimulants are known to inhibit 
the human T-lymphocyte receptor for sheep erythrocytes*” 


: 633 
and the murine lymphoma Fc receptor’, and it has been . 
Shown that the complement receptor on B lymphocytes - 
has an important role in the cellular events leading to < 
antibody production™™, thus emphasising the need to clarify 
its nature. We feport here thgt the number of complement 
receptor rosette-forming cells (EAC-RFC) in suspensions — 
of mouse spleen cells can be decrgased by a-adrenergic — 
stimulants and increased by -adrenergic stimulants, — 
respectively. f° Oe 
Male CBA mice, of 3-5 months, were killed by ether 
inhalation. The spleens were teased in Eagle’s minimal. — 
essential medium (MEM) to give a single cell suspension. — 
The cells were washed twice and the concentration — 
adjusted to 5x 10° ml™' in Eagles MEM containing 10% 
heat-inactivated foetal calf serum incorporating various 
concentrations of the pharmacological agents under study. 
After 3-h incubation at 37°C in a humid atmosphere. 
containing 5% CO, in air, the cells were washed three 
times and 5x 10° cells finally resuspended in 0.5 ml Eagle’s 
MEM. The cell viability was judged to be 90-93% by the 
eosin dye exclusion test. For the estimation of &omplement 
rosettes, 0.5 ml aliquots of a 1% suspension of sheep red 
blood cefls Which had bten freshly coated with rabbit 
anti-sheep red blood cell haemolysin (1: 1,000) and fresh 
mouse serum (1:20) as a source of complement, were 
centrifuged with an equal volume of the lymphocyte 
suspension at 200g for 2min. The cell pellets were 
incubated together at 37°C for 15 min, resuspended, and 
the number of rosette-forming cells counted. A rosette- 
forming cell was defined*as a white cell with three or 
more adherent erythrocytes, Each study was done in 
duplicate and 400 cells were counted per tube. To identify 
the type of cells involved in the rosettes, 10mM EDTA 


was added at the time of the rosette assays", No significant 


change was observed. The rosette-forming cells in cultures 2 
of spleen cell suspensions incubated for 3h with isopro- 
terenol, adrenaline, noradrenaline, propranolol, dibutyryl — 
cyclic AMP, dibutyryl cyclic GMP, aminophylline (all 
Sigma) or phentolamine (Regitin, CTBA) were therefore 
thought to be lymphocytes. 

The effect on EAC-RFC of the @-adrenergic stimulator, 
isoproterenol, is shown in Fig. la. The number of EAC—-RFC 
rose to a peak in a concentration of 5X10™°M_ isopro- 
terenol, and declined to almost to control values at 10°“ M, 
Isoproterenol 1s known to increase the concentration of 
intracellular cyclic AMP by stimulating adenyl cyclase 
activity. The addition of dibutyryl cyclic AMP, however, 
had no effect on the number of EAC—RFC (Fig. 14). When 
10M aminophylline, a phosphodiesterase inhibitor“, was 
added with dibutyryl cyclic AMP, the number of EAC~RFC 
was unchanged (Table 1). The a-stimulant noradrenaline 
inhibited slightly the number of EAC~RFC. Adrenaline, 
which is thought to stimulate both the a- and #-adrenergic 
receptors, had no effect on the number of EAC-RFC 
(Fig. le). Presumably the effect of stimulating both 
receptors at the same time is to cancel out any ¢ffect on 
the number of EAC-RFC. It can be demonstrated, how- 
ever, that adrenaline in such a situation is active, since its 
addition simultaneously with 10°°M phentolamine (an 
a-blocker)’* or 10°°M prepranolol (a B-blocker)* results 


in a significant increase or decrease, respectively, in the > 


number of EAC-RFC (Fig. If,g). The concentrations of 
propranolol and phentolamine were such that neither drug 
on its own had a significant effect on EAC-RFC. It is 
probable that normal foetal calf serum contains a small 


quantity of adrenalines. Therefore the following experiment = 


was done to clarify the effect of a-stimulant (noradrenaline) 
or -stimulant (isoproterenol) in the foetal calf serum 
culture medium. When 10 M phentolamine was added to 
the medium containing isoproterenol, EAC—RFC increased 
in number as far as the concentration of the latter was 















Table 1 Effect of pharmacological agents on complement rosette formation of mouse spleen cell suspensions at 37 “Cfo3h 






Mean % rosettes Mean % rosettes 
; +s.d. +s.d. 

5x 10-5 M isoproterenol (6) 33.80-+2.967 à Control (C) (6) 22.74+1.81 
10-45 M isoproterenol 

+10~* phentelamine (3) 32.91 +1.804 C (3) 9437-41.83 
5x 10-5 M noradrenaline (7) 15.35+1.90T C (7) 23.22 -+1.70 
10-* M noradrenaline 

+10~ M propranolol (3) 8.161.807 C (3) 21.08 +0.52 ¢ 
10-8 M adrenaline (5) 23.10 +0.98 C (5) 24.1 +0.56 
108 M adrenaline 

-+-10-¢ M propranolol (4) 11.31 -42.307 C (4) 20.75 +1.85 
107° M adrenaline 

+10 M phentolamine (5) 30.10 -3.027 C (5) : 21.05 4-0.73 

10-73 M dibutyryl C-AMP (6) 21.30 4-2.00 C (6) 20.29 4- 1.33 

-+10-* M aminophylline (6) 20.54 +0.44 C (6) 





l . Now of duplicate cultures in brackets. 


20.29 +1.33 


*Mean percentage rosettes = mean (no. of rosettes/no. of spleen cells) x 100. 


Statistical treatments were done with the difference between the mean value of rosette-forming cells of the test group and. that of the control 


Bese 
group. 
| e è + 
kept between 10°'°M and 10 °M (Fig. 1b). When 


10°*M propranolol was added to the medium in the 
presence of 10M to 10” M noradrenaline, EAC-RFC 
decreased in number (Fig. 1d). Dibutyryl cyclic GMP 
seemed to have no effect on EAC-RFC (Fig. 1. 

Our results show that the number of EAC-RFC in a 
suspension of mouse spleen cebs can be increased by the 
addition of a drug which stimulates the -adrenergic 
receptor. Conversely, an agent which stimulates the 
, @-receptor depresses the number of EAC-RFC. Further 

confirmation of these findings has been obtained from 

results which have shown that adrenaline (a stimulator of 









Rosette formation (mean + s.e.) 


Fig. 1 Various concentrations of a, isoproterenol, b, isoproterenol 
_ propranolol, e, adrenaline, f, 
-eyelic GMP were incubated with the mouse spleen cells at 5+ 10° 
a 37°C incubator in a 5% 


| 4.1075 M phentolamine, c, , 
adrenaline-- 10-5 M phenatomine, g, adrenaline + 10 M propranolol, 4, dibutyryl cyclic AMP, i, 
cells per ml. Eagle’s MEM ! 
atmosphere for 3 h. After three washes EAC-RFC assay was performed as described in the text. Each point 
represents the mean rosettes, with <b $.€., of three to six animals, == = = =, -+ s.e, of control of each group. 


+ 
e + 


both æ- and B-receptors) has no effect on the number of 
EAC-RFC in its own, but, with an a-blocker, adrenaline 
mimics a B-stimulator; when adrenaline and a -blocker 
were used, the effect on the number of EAC-RFC is the 
same as that “of an a-receptor stimulator (Fig. 1f and g). 

a- and f-adrenergic receptors are thought to be 
regulatory (or receptor) units of the adenyl cyclase’®. 
Activation of the f-receptor stimulates the enzyme and 
causes an increase in the level of intracellular cyclic AMP, 
whilst stimulation of the a-receptor causes a decrease in 
intracellular cyclic AMP. 

We were, however, unable to demonstrate an effect on 


-14 





4 


4 6 8 -I0 -14 


log drug concentration (M) 


+ 


noradrenaline, d, noradrenaline + 10~° M 
dibutyryl 


(10% heat-inactivated foetal calf serum) in 
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‘complement receptoy rosettes of dibutyryl cyclic AMP, an 
agent believed to act beyond the level of adenyl cyclase. 
Furthermore, there Was no effect when dibutyryl cyclic 
AMP was added with aminophylline, an inhibitor of 
phosphodiesterase, which suppresses the breakdown of 
intracellular cyclic AMP and thus effectively incredses its 
intracellular concentration’. The rosette-forming cells, 
therefore, seem to be affected, not by the increase in the 
infracellular- cyclic AMP levels, but by the increase in 
adenyl cyclase activity itself. It is known that B lympho- 
cytes with complement receptor can produce antibody to 
T-dependent antigens”. On the other hand, catecho- 
lamines.. (adrenaline antl noradrenaline) enter the blood 
stream, circulate throughout the body and affect various 
organs as hormgnes. We therefore suggest that in the 
immune system catecholamines influence the activity of 
complement receptor of B-lymphocyte, resulting in 
control of antibody formation. 

This work was supported by a grant from the Ministry 
of Education of*Japan. We thank Drs J. P. Durham and 
M. Mcleoughlin for discussion and Mrs H. Collin for 
technical assistance. 
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Response of mesencephalic and. 
hypothalamic dopamine neurones l 
to a-MSH: mediated by area postrema? 


- @-MELANOTROPIN (a-MSH) influences mammalian behaviour in 
a variety of situations. It is released from the pars intermedia of 
the pituitary during stress and may have a physiological role in 
adaptive processes''?. In mammals, dopaminergic (DA) 

‘fibres. of the tubero-hypophyseal system which originate in the 
arcuate nucleus of the hypothalamus, innervate the pars 
intermedia®; MSH secretion is usually inhibited by DA‘. In 
rats, this DA System is subject to the influence of various 

extrahypothalamic brain regions thought to participate in the 

‘integration of endocrine and behavioural processes®*. The 
tubero-hypophyseal DA neurones may therefore occupy a key 
position between brain areas involved in effects of behaviourally 

active peptide hormones on one hand and the pars intermedia, a 
. site of production of such peptides, on the other hand. We 






+ temperature conditions (lights on 06.00~-20.00; 247° 4 


report here that systemic injections of a-MSH in female rats 
affect the arcuate DA neurones as well as those of substantia : 
nigra. The latter were steadied in order to check fore ventual E 
parallel responses in an extrahypothalamic DA sys 3 e 
peptide effect seems to depend upon the integrity ofp 
ascending from the lower brainstem. Cholinergic syst 
to participate in its manifestation. 

We studied female SIV (Sprague-Dawley-Ivanóvi 
kept in groups of littermates under controlled illumina 








animals were ovariectomised at the age of 4-5 months, ee 
before the experiments, and pretreated for one day with i 
oestradiol-dipropionate (5 pg s.c.) and progesterone (2 mg _ 
s.c.), since we had used the same animal model in our studies on 
extrahypothalamic influences. The functional state of the DA 


‘neurone groups was assessed by a microfluorimetric procedure 


based on the histochemical fluorescence method of Falck and, 
Hillarp. The distributions of fluorescence intensity of individual. 
neurones are characteristic for a given functional state and 
neurone group. Studies on nigral DA neurones have revealed a oe 
close relation between mean intensity and mean fing rate: ijn 
agreement with earlier observations, a rise in mean intensity 
accompanfed đn increase in mean firing rate’. 

In the higher dose range which corresponds to that used in 
most behavioural experiments, o-MSH injected intraperi- 
toneally (i.p.) (between 15.00 and 17.00) induced a marked rise 
in the mean fluorescence intensity of both DA neurone groups 
within 30 min (Fig. la, P < 0.01 for 100 ug per kg body 
weight; similar effect for 33 pg per kg but significant only in 
the arcuate nucleus), At lower doses, only the arcuate DA 
neurones responded (P < 0.01). This difference may have 
resulted from different sensitivities of the projection systems 
involved. The observation of a response of nigral DA neurones 
15 min after injection of a lower dose in one rat suggests that- 
the nigral reaction might also be more transient. If the relation 
established between cellular fluorescence intensity and neuronal. 
activity’ holds true also in the present case, the reaction of the 
arcuate DA neurones indicates an activation. Since DA in- 
hibits MSH release’, this corresponds to the activation fa 
negative feedback mechanism. The similar response of the 
nigral DA neurones may be linked with certain extrahypothala- 
mic effects of the peptide. In analogy to the situation in the 
arcuate DA seurones, one may ask whether the nigral reaction 
might likewise reflect the activation of a compensatory. 
mechanism. An aggravation of tremor by MSH has been noted 
in Parkinson patients*. Our findings are at variance with 
observations on repeated injections of a-MSH in male rats, 
where DA turnover in midbrain and striatum remained un- 
changed’. Whether this discrepancy is due to differences in the = 
experimental arrangement or in the methods used for analysis of 
DA systems, cannot yet be decided. It seems conceivable that —__ 
the hormonal state of the animal might influence peptide 
effects either qualitatively or quantitatively. ose 

The response of the arcuate DA neurones cannot be expected __ 
to be specific for a-MSH, since this neurone group seems to be 
involved in the control of various pituitary hormones. Pro- 
lactin (secretion of which is likewise inhibited by fhis DA 
system) showed a similar effect (Fig. 1b, P < 0.01 compared with 
solvent- and to saline-injected groups). It can also be regarded 
as the activation of a negative feedback mechanism?*. More 
surprising is the response of fhe nigral. DA neurones (P < 0.01 
versus solvent group, P < 0.05 versus saline group). It may 
reflect a direct effect of prolactin or be due to some more 
complex neuroendocrine mechanism. In contrast to what might -< 
have been expected in view of similarities between ACTH and 
MSH in some behavioural situations', comparable doses of = 
ACTH,.., did not yield a clear-cut effect, but just a weak 
nigral reaction in half of the rats (Fig. 16). The failure of 
ACTH)}.2,4 to affect the arcuate DA neurones is in keeping with 
the view that the DA systent may be less important than 
noradrenergic neurones in the control of this hormone™, But 3 
changes in tubero-infundibular DA neurones have been 
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Fig. 1 Mean fluorescence intensity 
(bars = 995°% confidence limits) of 
the DA neurone groups in the arcu- 
ate nucleus of the hypothalamus 
(abscissa) and in substantia nigra 
(ordinate) of individual rats. The 
saline-injected control group is 
shown for reference on each figure. 
a, Intensity 30 min (1 rat 15 min 
afteri.p. injection of a-MSH (Hoea 
hst; dissolved in saline immediately 
before use, injection volume 0.1-0.2 
ml per 100 g body wt.) at doses of 
(ug kg=) 100 (D), 33 (Q), 10 (A), 
3 (7), 10 (5 min; >) or saline 
(@).b,Effect of ovine prolactin 2mg 
per kg (Ferring; 1 mg per 0.25 ml 
solvent containifg 1 mg phenol in 
1 ml H,O) (A) or ACTHe. 24 
175 ug per kg (Synacthen, CIBA; 
0.25 mml >) (£) administered i.p. 
Doses are approximately equimolar 
to the highest doge of a-MSH used. 
Saline shown as (@); the phenol 
solvent itself remained «without 
effect (V). c, Blockade of the 
intensity change observed 30 min 
after a-MSH (100 jg kg?) by 
alpen ue 10 mg per kg injected 
15 min before the peptide (()). 
Saline only (@). d, Mean fluor- 
escence intensities in rats bearing 
lesions of area postrema as ob- 


served 30 min after i.p, injection of 100 ug per kg a-MSH (0) or saline (A). Saline in non-lesioned animals (@). Numbers refer to the rats 
shown in Fig. 2. The values represent the combined right and left sides of the arcuate and nigral DA neurone groups; no differences were 
found between the two sides aftef lesions of area postrema. For each rat, the two brain pieces containing hypothalamus and midbrain 
were worked up together for microfluorimetry but investigated by different observers. The arcuate nucleus was studied at 15 antero- 
posterior levels (7-um sections, distance between levels, 84 um) starting at the anterior border of the external layer of the median eminence, 
the substantia nigra at 8 levels (distance between levels, 42 pm) starting at the anterior end of the fossa interpeduncularis**. In the former 
all visibly fluorescent catecholamine-containing cells were measured on both sides at each of these levels (mean 215 -+47 per rat), whereas 
in the latter 20 neighbouring cells per section were measured on one side starting at the dorsolateral corner of zona compacta ( 1624-13 
per rat, except for lesioned rats where both sides were studied : 279 +41 per rat). The relative fluorescence intensity of a cell is defined by 
ip = (c--D/(ena—a@t), ¢ = absolute intensity of the cell, = mean background fluorescence of neighbouring tissue, gna and gr == mean 


+ ® 


intensities of noradrenaline-containing and noradrenaline-free standards of that section. 


into natural logarithms. Means of the transformed values are shown. Data werg analysed by variance 
experimental groups with Scheffe’s method of linear contrasts**. 


e 
reported after manipulations of the pituitary adrenal axis*?. Our 
results do not exclude an action of ACTH,.., on the two DA 
systems, but they indicate that this peptide was less effective 
than a-MSH in our experimental conditions.  * 

The interpretation of central effects of peptides is complicated 
by the existence of the blood-brain barrier. Recent studies with 
labelled a-MSH suggest that the hormone may reach various 
brain regions, but its cellular localisation in brain tissue re- 
mains obscure!®. The influence of a-MSH on extinction of a 
conditioned avoidance response is abolished by bilateral lesions 
in the parafascicular nħclei of the thalamus'*. Although our 





For statistical analysis, the values were transformed 
analysis followed by comparison of 


observations need not be related to this particular aspect of 
MSH action, it may be noted that both DA neurone*groups 
reacted to electrical stimulation in this nucleus and in neigh- 
bouring areas*. These observations, together with results of 
lesions in the dorsomedial tegmentum of the lower brainstem’, 
seemed suggestive of a possible role of ascending projections. E 
We focused our attention on the area postrema which is 
situated outside the blood-brain barrier. Selective destruction 
of this area (Fig. 2) prevented the reaction of the arcuate DA 
neurones to a-MSH in four out of six rats (Fig. 1d, P < 0.01). 
In two rats with a partial response, we found intact tissue at the 


Fig. 2 Lesion of area postrema 
in rats nos 531 (left) and 533 
(right). The lesion completely 
destroyed area postrema (ap) but 
impinged only slightly upon the 
dorsomedial corner of the nucleus 
of the solitary tract (so) and the 
medial edge of the nucleus 
gracilis (g). XH = nucleus nervi 
hypoglossi. Electrolytic lesions 
(250 pA, 60 s) were performed 
in gammabutyrolactone anaesthe- 
sia (750 mg kg™> ip., 1 h) ac- 
cording to coordinates calculated 
from various lesions in the lower 
brainstem, 2 weeks after ovariec- 
tomy. a-MSH was injected 5 d 
later between 15.00 and 16.00, 
after the usual 1-d steriod pre- 
treatment. The rats recovered 
well from the operation and 
showed no neurological disturban- 
ces. They lost 6% of body weight, 
as did animals with ineffective 
electrode placements (49.2). 


AB, 


; 
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posterior and anterigr extremities of area postrefha, res- 
pectively. In all rats, the reaction of the nigral DA neurones was 
not only blocked but apparently reversed, as mean intensity 
decreased to below the level of saline-injected intact rats 
(P < 0.01; saline-injected lesioned rats exhibited intermediary 
levels). Rats with electrode placements in the fourth ventricle in 
front of area postrema resulting only in a slight superficial 
damage to the ventricular wall, exhibited the usual reaction to 
a-MYISH (mean intensity +S.D. of these 3 rats (arcuate—nigral 
DA group): 3.965 +-0,3966 (n = 202)/4.386+4-0.3191 (n = 240); 
3.837 +0.4470 (140)/4.282 +-0.3570 (241); 3.987 0.6252 (103)/ 
4.354 0.3561 (240).) 

The effect of a-MSH thus seems to depend on the integrity of 
area postrema. It seems conceivable that a-MSH acted on 
this area, but a modulatory action of the peptide exerted at 
another brain level on an influence arising from area pos- 
trema, cannot be ruled out. The observations on the nigral DA 
neurones indicate that the effect of the lesion may be a complex 
one. The projection systems involved remain to be characterised. 
As atropine blocks responses of both DA neurone groups to 
electrical gtimulation in various extrahypothalamic areas®'*, we 
investigated its effect (Fig. ic). Atropine completely prevented 
the intensity change in the nigral DA neurones (P < 0.01 against 
MSH without atropine). In the arcuate nucleus, the response 
was Only partially reduced. Thuss cholinergic systems seem to be 
involved in the peptide effect, but the circuitry may differ in 
detail with respect to the two DA neurone groups. į 
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Possible relationship between 
glial cells, dopamine and the 
effects of antipsychotic drugs 


THE hypothesis that a functional excess of dopamine 
underlies many of the abnormalities seen in schizophrenia 
is receiving much attention. The supporting evidence is 
principally pharmacological. There is a correlation between 
antipsychotic drug action and the ability of a neuroleptic 
drug to block dopaminergic transmission’, The exact site 
of antipsychotit drug activity is not known and evidence 
for the presynaptic inhibition of dopamine release’, as well 
as the blockade of postsynaptic receptors** has been pre- 
sented to explain neuroleptic drug action. Studies of 
binding properties of the dopamine receptor, however, 
provide a coherent explanation of neuroleptic drug action. 





e peridol, a dopamine antagonist, areeused to argue that 


*dopamine as their neurotransmitter. On the other | 
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Butyrophenones, phenothiazine’, thioxanines and diphenyl- 
butylpiperadines inhibit *H-haloperidol binding to a central 
nervous system (CNS) membrane fraction in exactly the _ 
order of their clinical potency™™: the inhibition occurs at 
drug concentrations similar to.those expected in the CNS. = 
of patients taking these drugs. These results with *H-halo- 

















neuroleptics bind to postsynaptic dopamine receptors 
are effective by decreasing the activity of pathway 


and 


dopamine-sensitive adenylate cyclase is associated WI 
the postsynaptic receptors’, yet the inhibition of this 


enzyme by neuroleptic butyrophenones does not correlate 
with in vivo or clinical potency. The difference between _ 


butyrophenone inhibition of *H-haloperidol binding and 


inhibition of adenylate cyclase has been attributed to 


“variable degrees of coupling of dopamine receptor sites 
with the adenylate cyclase’”®, Alternatively, there could be 
several dopamine sensitive adenylate cyclases with differing 
binding affinities and localisations: this is suggested 
by the presence of this enzyme in sevé@ral tissue 
culture lines of glia”. Lesion studies show that the enzyme 
is not localised presynapticdlly in the caudate nucleus! or. 
in the substantia nigra“. The only defined dopaminergic 
receptors in the substantia nigra are localised on dopa- 
minergic neurones", and the elimination of these cells as 
the site of the enzyme was established by unilateral 
injections of 6-hydroxydopamine which removed these 
cells". It therefore seems necessary to define more exactly 
the site of the dopamine bin&ing receptor and the dopamine- 
stimulated adenylate cyclase. We report here that a large 
proportion of CNS dopamine haloperidol binding sites 
seem to be present on glial membranes and may be 
associated with an adenylate cyclase localised on these 
membranes. | 
We undertook to localise dopamine and haloperidol 
binding by fractionating rabbit cortex and bovine caudate 
and cortex. Synaptic fractions were prepared by the 
method of Gray and Whittaker’, and the P, pellet of this 
preparation was used as a cell-free CNS membrane 
fraction. Glial cell fractions were prepared” and a C-6 
cultured glial cell line was used for testing a clonal glial 
cell line. Binding assays were carried out in the presence 
of D and L butaclamol. Only the p isomer is active 
pharmacologically in blocking dopamine binding or as a 
clinical neuroleptic. Thus the difference between labelled 
dopamine and haloperidol binding in presence of the two 
isomers is taken as a measure of the blockade of specific 
dopamine receptors™™. The assay used was essentially the 
centrifugation assay of Seeman et al’. Although the 
filtration assay used by these workers and Snyder’s group”? 
seemed to give similar results, we did not achieve the 


precision using this assay that was achieved using centri- : 
fugation and “C-inulin to account for trapped external 
media in the pellet. Assay conditions were as in ref, 8 — 


except that a different monoamine oxidase inhibitor 
(10.5 uM pargyline-HCl) was added to buffer solutions. 

Our initial results with fractions isolated from rabbit 
cortex showed some purification of dopamine binding in the 
membrane fraction (P; pelet) derived from CNS homo- 
genate, but little subsequent purification when a synapto- 
somal fraction was isolated. This prompted us toslook at the 
binding of *H-dopamine and *H-haloperidol on fractions 


e isolated from beef caudate. The results in Table 1 clearly 


show that although there is some purification of the receptor 
in isolating the P» pellet, little further enrichment occurs 
when this fraction is subjected*to density gradient centri- 
fugation to isolate synaptosomes. After obtaining these 
results fractions enriched in astroglia were obtained from 
bovine caudate. An excellent glial cell fraction was isolated 
using the method for rabbit cortex with a slight modification 
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Table 1 Binding of *H-dopamine and *H-haloperidol, and activity of glutamic acid decarboxylase (GAD) in fractions fsolated from the caudate 


nucleus of bovine brains 











e ° = 
Dopamine binding Haloperidol binding GAD activity 
: , ¢ <Afmol per mg protein Afmol per mg protein umol per mg per h 
Homogenate 9.25 +3.4 3.9+1.1 28.6 
P, fraction » 17.65 +3.7 3.8 4.0.9 54.8 
Synaptosomal fraction 21.00-43.5 6.5-1.3 59.8 
Glial fraction 35.05 +-0.7 16.1 0.9 4.0 


amaeana ne 
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Dopamine binding was measured with a final concentration of I nM *H 


-dopamine in the presence of I M (+) or (—) butaclamol. Haloperidol 


binding was measured with | nM *H-haloperidol in the presence of 0.14M (+) or (—) butaclamol. The difference in binding between (+) 
butaclamol, a potent neuroleptic drug, and (—) butaclamol, an inactive drug, is taken as the stereospecific binding of the ligand. Binding assays 
represent triplicate determinations on at least two different glial cell preparations. ° 


in the final Ficoll gradient’. The glia were collected 
between Ficoll solutions having refractive indices of 1.3633 
and 1.3714, respectively. Binding studies in homogenates of 
these glial cells revealed a considerable purification of the 
receptor. This unexpected result suggests that the receptor 
which mediates neuroleptic drug activity is localised on 
glial membranes. 

To assure that both dopamine and haloperigol binding 
take place on glial membranes we carried out several checks 
on the purity of our fractions. Morphological investigation 
by light and electron microscopy suggested that approxi- 
mately 60% of the synaptosomal pellet is synaptic material, 
consistent with our previous findings on synaptic fraction 
purity". The glial fractions also contain appreciable cell 
debris and, when viewed in the light microscope, 20% of 
the material seemed to be of non-glial origin. To quantitate 
this we assayed glutamic acid decarboxylase (GAD), the y- 
aminobutyric acid (GABA) synthesising enzyme, in our 
fractions. The caudate is rich in GABA” and GAD has 
been found almost exclusively in synaptic regions”. The 
enzyme was assayed by the method of Roberts and 
Simonsen”. The results suggest that there is enrichment of 
synaptic material containing GAD in both P; and synapto- 
somal fractions while there is almost no GAD present in 
the glial fractions (Table 1). In addition, dopamine or 
haloperidol binding activity was found in a homogenate of 
C-6 glial cells, cells originating from a cloned line of 
rat glioma cells”. Furthermore, the glial dopamine-binding 
receptor seemed to be localised to regions of brain rich in 
dopamine in preliminary experiments. 

To examine the possibility that glial dopamine sensitive 
adenylate cyclase could be associated with the binding site 
measured in either the *“H-dopamine or °H-haloperidol 
assay, we examined the purification of the enzyme during 
cellular and subcellular fractionation. Cyclic 3’-5’ AMP was 
measured in fractions using a modification of the protein 
binding assay of Gilman” (from Amersham Searle). The 
difference between dopamine-stimulated activity and basal 
activity was taken as a measure of the dopamine sensitive 
enzyme. The results of measurements on fractions from 
bovine caudate show that the enzyme activity is purified to 
approximately the same extent in glial cells as the binding 
site for “H-dopamine or *H-haloperidol. The enzyme showed 
3.8-fold higher activity in the glial fraction than in the crude 
homogenate, and the binding of dopamine and haloperidol 
are similarly increased by fourfold. This finding, coupled 
with the results of Schubert ef al. demonstrating that 
clonal linés of glia contain a dopamine-stimulated adenylate 
cyclase and that in one glial line this enzyme was inhibited 
by haloperidol, suggests that the receptor in caudate could 
be an adenylate cyclase localised in glial cells. j 

The finding of a dopamine binding site on glial cells 
which may be associated with an adenylate cyclase suggests 
that a mechanism exists which would cause an increase 
in cyclic AMP „in glia in response to neronal activity. Such 
a metabolic response to neural release of neurotransmitter 
provides the initial step in what could be an important 


feedback control regulating neuronal activity. The 
morphology of the synapse is consistent With such a control 
system, for synapses are surrounded by an astroglial 
sheath”. Such a control system could involve changes 
mediated by cyclic AMP anflogous to the increased glyco- 
gen breakdown seen in skeletal musc or membrane 
permeability changes as seen in smooth muscle”, both 
mediated"by a catecholamine-sensitive B-adrenergit receptor. 
Such an intercellular control provides a mechanism 
through which neuroleptic drugs could have a regionalised 
effect on CNS activity and dampen a wide variety of 
functions. This is an interesting possibility in view of the 
variety of symptoms seen in psychotic illness and the fact 
that neuroleptic drugs are neither specific nor curative in 
schizophrenia. The results of this preliminary study thus 
suggest that the receptor which correlates with the site of 
neuroleptic drug binding may reside on glial membranes 
and thus point to a possible mediation of neuronal activity 
by glial cells. 
This work was supported by a NINCDS grant. 
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Human prolactin-responses to neuroleptic 

drugs correlate with antischizophrenic potency 
— 

THE secretion of prolactin, a pituitary hormone, is regulated by 


inhibitory and stimulatory influences from the hypothalamus. ° 


The primary influence is tonic inhibitory’, Dopamine, a 
nefirotransmitter, has a major direct and/or indirect role in 
mediating this inhibition upon the prolactin cells in the pituitary 
gland. This is documented by studies in vitro', in vivo? and in 
man’. All known neuroleptic, antischizophrenic drugs share 
one characteristic—they block dopaminergic transmission‘~’. 
This action is hypothesised to be associated with their anti- 
schizophrenic effects (dopamine hypothesis)*:*, Dopaminergic 
blocKade is, very likely, also the primary mechanism of neuro- 
leptics when inducing prolactin release via disinhibition’. 
There is no evidence that neuroleptics release prolactin via 
stimulatory influepces. We believe the prolactin response to 
neuroleptic drugs to be a valid and reliable model of dopa- 
minergic Blockade in man (Langer et al., unpublished). Intesting 
the dopamine hypothesis of antischizophrenic drug action in 
man we postulated that comparing drug effects after acute 
intramuscular administration, «ea high correlation between 
prolactin releasing and antischizophrenic potencies of neuro- 
leptics would be found. 

Twelve healthy young male volunteers (medical students) 
were screened medically and psychiatrically for participation in 
the study and informed consent was obtained. On an average, 
each subject participated in seven weekly sessions, each starting 
at about 9 a.m., after an overnight fast, and lasting for 34 h. 
At each session a single drug and dose was intramuscularly 
(i.m.) administered. 30 min after a small angiocath had been 
inserted into a forearm yein of the recumbent subject. Through- 
out the study, blood samples were withdrawn at 15-min 
intervals into heparinised tubes. The plasma was im- 
mediately separated after the study and frozen at *-20°C. 
Prolactin was analysed in duplicate by radioimmunossay". 
All samples from each subject were determined in one assay; 
variation between duplicate samples was 5.3%. 

The following antischizophrenic drugs were selected because 
of their wide use in clinical psychiatry (which results in ade- 
quate documentation of their antischizophrenic effects) and 
because they are all intramuscularly administerable: haloperidol 
(0.25, 0.5, 1.0 and 1.5 mg), chlorpromazine (25.0 mg), pro- 
chlorperazine (2.5 and 5.0 mg), trifluoperazine (4.0 mg), 
perphenazine (1.0 mg), fluphenazine (0.35 mg), and thiothixene 
(0.25 and 0.5 mg). There is considerable interindividual varia- 
tion of the prolactin response to a neuroleptic drug. We mini- 
mised the variation by (1) testing several drugs within the 
same subject, and (2) relating each subject’s peak prolactin 
response to a neuroleptic to his own haloperidol dose-prolactin 
response curve. Haloperidol, a relatively specific dopamine 
receptor blocker and potent antischizophrenic drug, was 
chosen as reference drug for prolactin releasing and clinical 
potencies. So, all subjects were first tested with usually four 
different doses of haloperidol. Five of the subjects were then 
tested with two different doses of prochlorperazine and two 
different doses of thiothixene. We demonstrated that the dose- 
prolactin response curves to haloperidol, prochlorperazine and 
thiothixene, representing three different chemical classes of 
neuroleptics, were parallel (Langer et al., in preparation). Eight 
of the subjects then received single doses of the various neuro- 
leptics in doses which, according to a pilot study, induced 
about 50% of maximal prolactin release. To evaluate relative 
potencies, the peak prolactin response to a drug was related to 
the individual haloperidol dose-prolactin response curve. The 
potency per mg of each drug in releasing prolactin was then 
calculated in per cent potency of haloperidol in releasing pro- 
lactin. Finally, we related this value to the clinical potency of 
each drug relative to haloperidol. Data on antischizophrenic 


. parallelism of dose-prolactin response curves of the three 
representative drugs also indicates a common, dopaminergic, ~ 
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potencies of drugs after acutes parental administration were 
derived from standard clinical references!?*15, 

Our results (Fig. 1) shaw that seven widely used antischizo- 
phrenic drugs show a very high correlation (r = 0.956) between 
their potency to felease prolactin in man and their potency in 
the acute treatment of schizophrenic patients. ee 

We thus hypothesise that mechanisms mediating these two- 


different drug effects have at least one critical variabl 
common-—the blockade of dopaminergic transmission. The 


mechanism. We limit the interpretation of our findings to the 
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Fig. 1 The potency of seven antischizophrenic drugs in in- 
ducing prolactin release in man correlates with their potency in 
treating schizophrenic patients. Drugs tested (number of sub- 
jects in parentheses): a, thiothixene (6); 6, fluphenazine (5); 
c, haloperidol (12); d, perphenazine (6); e, trifluoperazine (7); 
J, prochlorperazine (7) g, chlorpromazine (8), All values refer to an 
acute intramuscular administration and are expressed in per cent 
potency of haloperidol. Each value is the mean; vertical bars 
show the s.e.m. of prolactin values, horizontal bars the range of 
potency with conventional sae y = 0.212+4-0,93x, 
r= U. . 


e 
seven antischizophrenic drugs we tested, which constitute the 
majority of drugs used in the treatment of schizophrenia. So 


far, only one antischizophrenic, antidopaminergic drug (cloza- 


pine) shows inadequate prolactin-releasing activity. This might 
indicate that (1) increase of prolactin is not necessary for 
therapeutic response, and (2) different dopaminergic systems 
are primarily involved in prolactin-releasing and antischizo- 
phrenic effects. Prolactin release by neuroleptics probably 
reflects’ blockade of dopaminergic transmission at the hypo- 
thalamic and pituitary level, rather than at extrahypothalamic 
(possibly limbic) loci which are hypothesised to be associated 
with the therapeutic actions of antischizophrenic drugs. It is 
noteworthy that schizophrenic patients” generAlly require 
treatment of higher doses of a neuroleptic than are needed to 
achieve maximal prolactin release (1-2 mg haloperidol i.m. per 
70 kg or dose equivalence of another neuroleptic drug). 

This study supports in man the hypothesis that blockade of 
dopaminergic transmission is a characteristic of the neuroleptic 
drugs we tested and associated with their antischizophrenic 
effects. The questions whether the pathogenesis of schizo- 
phrenia specifically involves a disturbance in brain dopaminergic 
function and whether drugs necessarily have to interfere with 














< -< dopaminergic transmission to ‘achieve antischizophrenic effects 
< await the elucidation of the biological basis of schizophrenia. 
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Defective dopaminergic regulation 
of prolactin secretion 
in a rat pituitary tumour cell line 


Tr is firmly established that certain rat? and human** pituitary 
tumours hypersecrete prolactin (PRL). Pituitary PRL secretion 
is probably under the dual control of hypothalamic prolactin- 
inhibiting and -releasing factors, and defective secretion in one 
or both of these factors could produce abnormal PRL secretion’. 
An alternative explanation for the in vivo PRL secretory defect 
of certain pituitary tumours is defective reception by the tumour 
of an appropriate hypothalamic endocrine signal. To test this 
latter hypothesis, we evaluated the effects of various catechol- 
amines on PRL secretion in a cloned rat pituitary tumour cell 
line (GH,). Catecholamines are potent inhibitors of PRL 
secretion®, and it is postulated that the prolactin inhibiting factor 
may be a catecholamine*’. We report here that dopamine failed 
to inhibit PRL secretion from the pituitary tumour cultures, 
> whereas, other- catechols added to our normal and pituitary 
tumour monolayer cultures suppressed prolactin release into the 
medium. In addition, apomorphine, which is postulated to be a 
specific dopaminergic agonist*-!, appropriately suppressed PRL 
secretion in the tumour monolayer cultures. Our results there- 
fore provide evidence for an unusual dopaminergic defect in the 
GH, rat pituitary tumour cell line. 

‘The pituigary tumour cell line was acquired from ATCC and 
was subcultured according to the method of Sato and Tasjian™. 
‘Our normal rat pituitary monolayer cultures were produced by 
a modification of the method of Vale et al>” (Fig. 1). Rat PRL 
was measured by radioimmunoassay”. 

Figure 1 illustrates that dopamine not only failed to suppress 
PRL secretion, but paradoxically stimulated PRL release in the 
pituitary tumour cell cultures. Significant PRL stimulation, 
however, was obServed in most but not all of the individual 





we * 


experiments. Conversely, dopamine produced a significant 


‘suppression of PRL secretion in the preconfluent normal rat 
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monolayers. Other catecholamines added to the GH, cells and 
the normal rat pituitary cultures also produced suppression of 
PRL secretion. — | 

The incubation conditions of our monolayer cultures for both 
the tumour and normal pituitary cells were similar (see Fig. 1), 
excep? that 15° horse and 2.5% foetal bovine serum were used 
with the tumour cells, and 20% foetal bovine serum was used 
in the normal rat monolayers. Dopamine is known to be 
susceptible to oxidant stress** and we therefore had to dem@gn- 
strate that the failure of dopamine to inhibit PRL secretion in 
the tumour cultures was not secondary to its rapid destruction 
by the horse serum. When dopamine was added to the normal 
pituitary cultures with 15%% horse serfim and 2.5% foetal bovine 
serum, PRL secretion was significantly inhibited, whereas 
dopamine added to the tumour cultures with 20% foetal bovine 
serum still failed to inhibit PRL secretion. Hence, failure of 
dopamine to inhibit prolactin secretion in the pituitary tumour 
monolayer cultures was not segondery to rapid destruction by 
the horse serum. 

Another possible explanation for the tack of dopamine 
inhibition pf PRL secretion was that it was a dose-related event. 
It has been suggested that adrenaline at low doses in vitro 
produced stimulation, and at high doses inhibition of PRL 
secretion, To demonstrate that a biphasic effect was not present 
in the tumour cultures, PRE secretion was evaluated after 
addition of various concentrations of dopamine over a 40-fold 
range. In this experiment, each concentration of dopamine failed 
to significantly alter PRL secretion in the pituitary tumour 
cultures, whereas there was progressive inhibition of PRL 
secretion in the normal cultures of 25° by 1.5 x 10€ M, 65% by 
1.5x 1075 M, and 80% by 6x 107° M dopamine. Hence, the 
PRL secretory defect was not explainable on the basis of the 
concentration of dopamine used in the experiments and was 
consistent with the presence of a dopaminergic defect in this 
pituitary tumour cell line. The observation, however, that apo- 
morphine significantly suppressed PRL secretion in the tumour 
cultures, (Fig. 1, Table 1) was difficult to reconcile with this 
conclusion. Apomorphine has been shown to be a dopaminergic 
agonist? ° and the ability of pimozide, a specific dopaminergic 
blocking agent'*-!* to inhibit the suppressive effect of apo- 
morphine on PRL secretion in the tumour cultures (Table 1) 
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Table 1 The effect of a dopamine agonist and antagonist on pituitary 
tumour prolactin secretion. 


Rat PRL (ug per well) 
Treatment n 7 Oh 6h 
Controls 4 1.40 -+-0.09 1.894012 ° 
APO 5 1.16+0.19 1.37+0.11* 
PIM 5 1.38+0.09 1.79 +0.10 
APO-+- PIM 5 1.53 +-0.06 1.92 +-0.04 
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Data are means-i-s.e.m. APO, apomorphine 2.5 x 107° M; PIM, 
pimozide 4.0 x 107° M. 
*P < 0.02. á 


suggested that certain aspects of dopaminergic function were 
intact in the tumour cultures. Recent evidence has suggested 
that apomorphine may act only at presynaptic dopaminergic 
sites, however, this finding does not explain our observations, 
as dopamine probably acts at both pre- and postsynaptic 
receptors!’, It is possible therefore that the tumour cell line may 
have acquired a dopaminergic defect that permitted suppression 
of PRL secretion with apomorphine and yet failed to respond in 
a similar manner to dopamine. Alternatively, our data suggest 
that dopamine and apomorphine act at different sites in the rat 
pituitary. Hence defective dopaminergic regulation of prolactin 
secretion exists in this rat pituitary tumour celf line and may be 
related to the excessive prolactin secretion exhibited by certain 
rodent and human pituitary tumours. : 

This latter postulate, however, has to be viewed in the light of 
a large number of reports that indicate that L-dopa and/or its 
metabolite, dopamine, can inhibit rodent? and human**2° 
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Fig. 1 The effect of catecholamines on PRL secretion in. a, 
normal and 6, tumour-bearing rat pituitary monolayer cultures, 
Normal cultures were prepared from anterior pituitaries removed 
from Holtzman male rats (200-300 g) immediately after killing 
by guillotine. Tissues were minced into 2-mm pieces with a sterile 
scalpel, and incubated for 45 mia with gentle stirring at 37°C 
with 0.5% collagenase (CIS Worthington) in 1X Detroit MEM. 
with HEPES buffer at pH 7.2, supplemented with gentamycin _ 
(50 pg ml~?), 1X amino acids (1 ml per 100 mi), I mM sodium = 
pyruvate (1 ml per 100 ml), and 20% foetal calf serum (Grand ae 
Island Biochem.). The cell suspension was then centrifuged at. 
650g for 7 min. The supernatant was removed and the p 
resuspended with 10 ml of medium. This centrifugation an 
pellet resuspension in fresh medium was repeated once, and the os 
final suspension was placed in 60x15. mm Linbro plates ata 
concentration of 3 x 10° to 7 x 10‘ cells per-well.to a final volume of » 
4 ml per well. All incubations were carried: out at 37 °C (95% 
room air, 5% CO»). The growth medium on these pre-confluent 
cultures was changed every 2-3 d and 10-24 h before the be- 
ginning of each experiment. At the beginning of an experiment, . 
a 200-1 aliquot of the medium was removed from each well-and 
stored at--20 °C for radioimmunoassay. The test substances were 
then added to each well and the progress of the experiments was 
followed by taking additional samples of the medium at 3 and 
6 h. Rat PRL was measured by radioimmunoassay using RP-1 
obtained from the NIAMDD as standard with tubes a@ded to the 
assay to control for serum effects produced by the tissue culture 
medium. All of the catecholamines were prepared in the dark on 
ice immediately before addition to the culture to minimise 
oxidation. GH, cells (passage 20) were subcultured with trypsin 
(0.01 M) according to the methods of Sato and Tashjian®, and 
seeded in 60 x 15-mm Linbro plates at a concentration of 2x 10° to 
4x 10° cells per well to a final volume of 4 ml per well. The 
culture medium consisted of Hams F-10 medium, supplemented 
with 2,5% foetal bovine serum, and 15% gamma-globulin-free 
horse serum (Grand Island Biochem.) and the pH was adjusted 
to pH 7.2. These pre-confluent cultures were allowed to grow for 
at least 72 h before study. After an experiment PRL secretion in 
each monolayer culture returned to its basal secretory rate. The 
normal and tumour figures represent pooled data from 8 and 9 
separate experiments, respectively. PRL concentrations are 
expressed as % change from the basal PRL level. The data was 
transformed because of variations in basal PRL-concentration.of .. 
the individual wells between experiments and occasionally within 







the same experiment. Vertical bars represent s.e.m. and Student’s ¢ test was used to evaluate the means with a P of < 0.05:being considered 

significant. A, Represents results for dopamine 4 x 10-5 M (u = 25 in a; 34 in b); © (on solid line) controls (7 = 41 in a, 50 in b); © (broken 

line), adrenaline 4.5 x 1075 M (n = 5 in a, 9 in b); [O (solid line), apomorphine 2.5 x 10-°M (n = 9 in a, 13 in 6); O (broken line), nor- 
adrenaline 4.5 x 1075 M (n = 13 in a, 11 in b); significance levels shown as *, P < 0.05; f, P < 0.002; +, P < 0.002. 


pituitary tumour PRL secretion. Interpretation of this in vivo 
e data is complicated, however, by the observation that a 
adrenergic blockade can inhibit the effect of L-dopa in decreasing 
rat pituitary tumour PRL secretion?. In addition, a recent 
report by Van Der Gugten ef a/,™ suggests that L-dopa decreased 
serum PRL concentrations in the rat in part by stimulating the 
peripheral uptake of PRL. Thus the reported suppressive effects 
of L-dopa on pituitary tumour PRL secretion may not be 
exerted via the dopaminergic receptor. Whether the dopa- 
minergic defect described. here is unique to this cloned cell line, 
or reflects a generalised defect in PRL secreting pituitary 
neoplasms remains to be established. à 
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Prolactin-progesterone antagonism =, 
in self regulation of prolactin 
receptors in the mammary gland 


THE role of prolactin during growth of the mammary gland 
and in lactation is well established (see ref, 1 for review) and 
the antagonising action of progesterone on lactogenesis (but 
not on mammary growth) has been recognised*~*. A specific 
receptor for prolactin has been described’ and purified® and it 
seems that the level of this receptor in the target cells is very 
sensitive to hormonal environments and might be one of the 
essential parameters which modulates the intensity of prolactin 
action. Titration of this receptor under controlled hormonal 
conditions has been mainly pérformed in the liver and. its 
concentrations found to be sensitive to oestrogens’; this effect 
may be amplified or even mediated by prolactin itself®. We 





have shown? that the number’ of prolactin receptors in the 
mammary gland of pregnant or lactating rabbits undergoes a 
sudden increase at the onset of lactation but that the K, of 
the receptor-hormone interaction remains constant. The 
question arises as to which kormonal environment is required 
for this amplification; is the inhibitory action of high pro- 
gesterone levels on lactogenesis associated with a reduction of 
receptor concentrations? We describe here a study of this 
possibility and of the positive regulation of prolactin on its own 
receptors in the rabbit mammary gland. We extend to the’ 
mammary gland the stimulating effect of prolactin on the levels 
of its receptors and demonstrate an antagonising action of 
progesterone on this process. 

New Zealand rabbits (4-6 months old) were used either in 
pseudopregnancy (mating with a vasectomised male) or at late 
pregnancy. Pseudopregnant animals were treated intra- 
muscularly (i.m.) with 400 or 50 IU ovine prolactin (Byla) 
divided into four injections (two per d) over 48 h. Progesterone 
- (Roussel) when administered was injected im. at a daily 
dose of 10 mg (two times 5 mg), starting the day before 

prolactin tteatment. In vivo desaturation of receptor sites of 
their endogenous prolactin with bromocrigpting (CB 154, 
Sandoz) was performed by injetting the drug subcutaneously 
(2 mg) 36, 24 and 12 h before the animals were killed, the first 
injection taking place 12 h after the last prolactin (and pro- 
gesterone) treatment. Receptors were assayed as described 
before’ by estimating their total amount and their affinity 
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O Fig. 1 Total number of prolactin receptors in the rabbit 

mammary gland titrated after 36 h in vivo desaturation. In 

-> the following conditions. A, Day 29 of pregnancy; @, day 6 

postpartum; ©, day 6 postpartum, prolactin surge at birth 

= suppressed by ergocryptine (see text). Each point represents 

the mean-:s.e. for the numbér of animals indicated in paren- | 
heses. The affinity constant of the hormone-—receptor interaction 

did not vary (Ka = 3 x 10° M~). *Significantly lower than control 

at the same day (P < 0.01). © 
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constant according to the Scatchard °plots!® obtained with 
varying concentrations of ovine prolaçtin labelled with +I and 
substracting the non-specific binding. Protein concentrations 
were assayed according to Lowry et al. and DNA according to 
Morimoto et al."*. o 
Figure 1 shows that the total number of receptors per mg 
DNA in the mammary gland increases strikingly at parturition 
as shown previously’, but that this increase is inhibited by 60% 
(P < 0.01) when the prolactin surge at parturition is blooked 
by injecting CB 154 to the animals on the last day of pregnancy. 
In both cases, prolactin receptors were measured 6 d after 
parturition, since this delay corresponds to the highest levels 
normally observed. Interestingly the reduction in prolactin 
receptors. was associated with a significant reduction in milk 
production (results not shown). This expesiment is an illustra- 
tion of the prominent role of prolactin inducing its own 
receptor at parturition, although it must be emphasised that 
this role probably requires aedefifite hormonal environment, 
since prolactin levels remain high in the rabbit at the onset of 
lactation, but seem unable at this period “to act strongly on 
receptor concentrations. Figure 2 shows the effect ofsfour doses 
of 12.5 IU and four of 100 IU of prolactin on the pseudo- 
pregnant rabbit and demonstrates the ability of the higher dose 
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Fig. 2 Effect of prolactin (PRL) and prolactin -+ progesterone 
(PRL-+Pg) injections on prolactin receptors concentrations in 
the mammary gland of 15 d pseudopregnant rabbits. Each point 
represents the means-s.e. for the number of animals indicated 
in parentheses. The affinity constant (K, = 3 x 10° M~*) did not 
vary. *Significantly higher than control (P < 0.025). +Significantly 
lower than 100 IU prolactin treated animals (P < 0.025) 
and not different from control value. 


of this hormone to increase its receptors in the mammary gland. 
The lower dose, though inactive when injected during 48 h, 
becomes effective when administered through. more, extended 
periods (results not shown). Progesterone. injected simultan- 
eously with a total dose of 400 IU of prolactin completely 
prevents any increase of the prolactin receptors in.the mammary 


gland. This result extends the classical inhibitory effect of 
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progesterone on lactogenesis?~* to an additional parameter-re- 
ceptor concentration; itis not known whether this parameter is 
causally related to the various amplification mechanisms which 
ultimately cooperate in lactogenesis, by modulating the 
information available to the target cell, or whether ites just 
part of the pleotypic action of prolactin on this cells protein 
synthesis. 

¿It is thought that prolactin and progesterone receptors are 
both triggered initially by oestrogens™!, and hence might first 
appear in the mammary gland simultaneously with the oestra- 
diol peak at the onset of pseudopregnancy. It is known that 
oestradiol induces its own receptors" and that prolactin at least 
amplifies its own receptor levels in the liver? and mammary 
gland (present results). In addition, progesterone counteracts 
both the self-regubated increase of oestradiol receptors™ and 
the Increase of prolactin receptors in the mammary gland 
(present result). The interrelations between the circulating 
concentrations of these fiormmones and the levels of their 
receptors thus seerp complex and it may be relevant to emphasise 
that the prolactin effect ọn the pseudopregnant rabbit (Fig. 2) 
might be*increased if this hormone were injécted at a period 
when luteolysis should already have begun, resulting in lower 
progesterone levels. This view is supported by the obvious re- 
quirement for a specific hormogal environment (high prolactin 
levels, a cortisol peak and decreasing progesterone levels) for 
the efficient induction of prolactin receptors at parturition 
(Fig. 1). . 

The mechanisms by which prolactin and progesterone regulate 
prolactin receptors are a matter of conjecture and it is doubtful 
that these hormones act at precisely the same level on the 
complex sequence of events which result in the synthesis, 
intracellular transport and possible removal of the receptors, 
The so-called down regulation (that is, lowering of receptor 
levels by its specific hormone) has been shown to be due to 
accelerãted removal or breakdown of the hormone-receptor 
complex (possibly by endocytosis} at least in the case of 
insulin® 1, This scheme should not apply to prolactin, which 
has just the opposite effect on its receptors. It remains to be 
shown to what extent this increase of receptors is due to an 
unmasking or recombination of previously inactive or segre- 
gated receptor molecules or to a de novo synthesis of these 
molecules. 
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Alteration in glucécorticoid binding site EE 
number during the cell cycle in HeLa cells 










GLUCOCORTICOID stimulation of alkaline phosphata: 
activity in HeLa cells is believed to be mediated by. ste 
receptors'*. When synchronised HeLa cells are exposec 


synthesis phase of the cell cycle’. This ‘S-phase depe 
suggests that the necessary components for cellular respe rs 
glucocorticoids are produced or altered during this time. Because 


the interaction of the steroid with its cytoplasmic receptor seems to ane 
be the first major intracellular event. of the action of 
glucocorticoids, we have measured the glucocorticoid receptors 


present throughout the cell cycle in synchronised HeLa celts. We 
report here that although receptors are present throughout the .” 
cycle, the number per cell varies markedly within the cell cycle in 
both cytosols and whole cells. 

HeLa S3 cells (adapted to suspension culture by Phillip Marcus, 


Albert Einstein Medical School) were maintained at a density 
between 2& IQ and 6x 105 cells per ml. The cells were ef 
synchronised by the double thymidine block procedure*’. = 
Samples of cells for receptor analysis were collected from the 


synchronised cultures at late G,, S, mitosis and early G,. 
Scatchard analysis of glucocortcoid-binding in HeLa cell cytosols 
was performed using dextran-coated charcoal to remove free 
steroid. Uptake by whole cells was studied using a modification of 
the techniques described by Munck and Wira®. 

As Fig. 1 shows, glucocorticoid receptors were present in 
cytoplasmic fractions at all stages of the cell cycle studied. 
Scatchard analyses of saturation curves indicate a single class of 
high affinity binding sites (Fig. 1). The affinities ofthe cytoplasmic « 
receptors for dexamethasone did not vary by more than a factor of 
two and they agree with published results for dexamethasone- 
binding in other tissues'!. The number of cytoplasmic 
dexamethasone-binding sites per cell doubled between late G, and 
S (Fig. 1). Cells collected at S showed maximal rates of 
incorporation of *H-thymidine. Between mid-S-phase and 
mitosis (4h) there was a considerable reduction in cytoplasmic 


dexamethasone-binding per cell, which correlated with a doubling 


of cell number. By early G, there had been a small increase in 


binding. We have observed this pattern of alteration innumbersof 


glucocorticoid receptors in seven identical synchrony experiments. 
The data suggest that the number of cytoplasmic glucocorticoid 
receptors per cell doubles before mitosis, with less than half the 
complement available for assay in the daughter cells. 

When the number of glucocorticoid-binding sites is expressed as 
a function of other biochemical parameters (DNA, protein and cell 
volume) (Table 1), a similar, cell cycle-d€pendent variation is seen, 
although it is less pronounced. This variation was also observed in 
all seven experiments. 7 


We have assessed dexamethasone-binding after incubation of e 


whole cells with the steroid at both 3 and 37 °C. Figure 2showsthe. 


results of one of four nuclear translocation experiments performed ~ 


on cells from separate synchronised populations. ~ 
Asin studies of 7H-dexamethasone binding in cytosols, the level 
of saturable 7H-dexamethasone-binding in whole cells showed cell 


cycle dependence. Figure 2a shows that, asin other systems! + most s 


glucocorticoid-binding was resgricted to the cytoplasmic fractions 
after incubation at 3 °C, with very little binding associated with the 
nucleus. Cytoplasmic binding in whole cells at 3 °C significantly 
increased between late G, and synthesis and decreased to <1/2 
synthesis values after mitosis. Nuclear binding at 3 °C did not 


* show similar cell cycle dependence. When cells were warmed to 


37 °C (Fig, 26) there was a significant increase in nuclear binding at 
each stage of the cell cycle, with a concomitant reduction in the 
level of cytoplasmic binding. Both cytoplasmic and nuclear 
binding at 37 °C showed the cell gycle dependence observed with 
cytosol at 3 °C (Fig. 1) and whole cell cytoplasmic fractions at 3 °C 
(Fig. 2a). Total-cell binding (cytoplasmic and nuclear) was similar 
when measured at 3 “C (Fig. 2a) or at 37 °C after 2 h at 3 °C (Fig. 
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Fig. 1 Scatchard analysis of glucocorticoid—binding in HeLa cell cytosols. HeLa cells were grown in Joklik’s modified Eagle's medium 
supplemented with 3.5% each of calf and foetal calf serum in the presence of kanamycin (10 ug ml” t) in suspension culture at 37 °C. The cells have a 
doubling time of about 20 h. The cells were synchronised by double thymidine block**. They were grown in 2 mM thymidine for 16 h, followed by 
growth for 10 hin thymidine-free medium. Thymidine treatment was repeated for a further 14 h and the cells were washed free of thymidine. Growth 
was then resumed in thymidine-free medium ; time of release from the second thymidine block is time 0. During late G, S, mitosis and early G,, 200-ml 
e samples of cells were collected and centrifuged at 600g for 5 min and the resulting pellet was resuspended in 1.5 ml of medium containing 10% glycerol. 
After a period of slow cooling, cells were kept frozen in liquid nitrogen. At the time of assay, cells were thawed at 23 °C and washed with 50 ml of serum- 
free medium. Freezing and thawing had no effect on receptor affinity and binding sites per cell when tested with randomly growing cells. The thawed 
HeLa cells were centrifuged and resuspended in 2.5 ml Joklik’s medium (without serum) at room temperature and three 200-1 samples were removed 
for determination of cell numbers, DNA’ and total cell protein®. The cells were then pelleted by centrifugation at 600g, the medium was aspirated off 
and 3.0 mlofice-cold Tris-EDTA buffer (0.01 M Tris, 0.0015 M Na, EDTA pH 8.0) was added to each pellet. Cell pellets were homogenised at 0-3 °C 
with three 5-s bursts from a Polytron (Brinkman Instruments) at setting 5. All subsequent procedures were performed at 3 °C. The homogenates were 
centrifuged at 12,500g for 4 min in an Eppendorf model 541 | microfuge. The supernatants (cytosol) were decanted into glass tubes and divided ipto 50- 
ul samples of eight different concentrations of *H-dexamethasone (prepared in 0.9% NaCl) from I x 107 7M tol x107?" M. The cytosols were 
incubated for 90 min at 3 °C’ This time was sufficient to attain near-maximal dexamethasone-binding in cytosol from randomly growing HeLa cells, in 
mammary gland cytosol’ and in musclecytosol 10 After this incubation, 100-1] samplesof dextran-coated charcoal (1% Norit A and 0.1% dextran type 
60 Cin 1.5 mM MgCl,) was added to each sample. The tubes were then vortexed and left standing to incubate for 15 min, and subsequently centrifuged 
at 12,500g for 2 min. Samples of 75 ul of the supernatant were placed into 5 ml of Bray’s solution for determination of radioactivity, Duplicate 5-zl 
samples of the originat >H-dexamethasone solutions used for incubation with cytosol were counted for determination of total steroid concentrations. 
The percentage of cells in mitosis was determined by monitoring a parallel culture of synchronised cells growing in the presence of colchicing (0.2 
ug ml” +). Cells from growing culture were counted microscopically in a haemocytometer. Radioactivity was determined in a Packard (3310) liquid 
scintillation spectrometer with a 25% efficiency for tritium. Each cytosol preparation was analysed for protein by the method of Lowry’. DNA was 
measured by a microfluorometric assay'®. The cytoorit of each cell suspension was determined using a Drummond microhaematocrit, a, Late 
GI = 24,802 sites per cell; b, synthesis = 46,950 sites per cell; c, mitosis = 12,040 sites per cell; d, early GI = 16,615 sites per cell. The K dissociations 
ranged from 1.3 x 1078 M to 2.6 x 10°" M. 


* 


2b), indicating that equilibrium was probably attained within 2 h 
at 3 °C during each stage of the cell cycle. 

Our results show that glticocorticoid-binding occurs in HeLa $3 
cells throughout the cell cycle when measured in cytosols and in 
cytoplasmic and nuclear fractions of whole cells. The ‘S-phase 
dependency’ of stimulation of AP activity therefore cannot be 
attributed to an absence of glucocorticoid receptors or the failure 
of the steroid receptor complex to be translocated to the nucleus at 
other stages of the cell cycle. Although it is possible that a critical 

+ À . f 
number of receptors is needed for AP stimulation, other factors are 
more probably involved, since some cells with fewer binding sites 
are responsive to glucocorticoid stimulation'!. Of the factors that 
involve the receptor, the followjng are likely candidates: (1) 
modification of the receptor itself (not at the binding site); (2) lack 


of functional nuclear acceptor sites, or (3) an altered nucledr 
processing of the steroid receptor complex. These can all show cell 
cycle dependence. 

We have demonstrated that in the conditions we used to 
synchronise HeLa cells, the number of cytoplasmic and nuclear 
dexamethasone-binding sites is regulated in a specific manner in 
relation to the cellcycle. The simplest interpretation of the 
observed doubling of the number of receptors at S is that this 
represents the synthesis of new receptor for passage to daughter 
cells. Histone synthesis at S is an example of a regulatory 
component that is synthesised at one phase of the cell cycle'?. The 
increased number of receptors, however, may not result from the 
synthesis of new receptors but could reflect activation of a 
proreceptor, differential degradation of receptor molecules or 





: ® 
Table 1 Relation of cell cycle stage to cytoplasmic receptor concentration per unit of protein, DNA and cell volume 


Cell cycle stage Late G, S Mitosis Early G, 
Moles bound 
per 100 mg total protein , 1.44 x 107+? 20x10" 1.0 x107 1.70 x 107 '3 
per 100 mg cytosol protein 1.45x 107+? 2.181071 LSx e 215x1071 
per 100 ug DNA 1.42 x 1071? L7ix i907 0.68 x 1070 O77 x 1071? 
per ml of packed celis 20 x 190734 24x 107+? 2x10"? 22:10" %* 
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Fig. 2 Saturable cytoplasmic and nuclear *H-dexamethasone- 
binding in synchronised HeLa cells after incubation of whole cells 
with steroid. The thawed HeLa cells were suspended in 1,0 ml of ice- 
cold Joklik’s medium without serum. Samples of 400 yl of cell 
suspensions from each stage of the çell cycle were incubated for 2 hat 
3 °C (a) or 2 hat 3 °C plus 30 min at 37 °C (b) with = 1 x 1078 M 37H- 
dexamethasone alone or *H-dexamethasone plus I x 107° M un- 
labelled dexamethasone. Saturable dexamethasone-binding was con- 
sidered to be the difference between the observed binfing with °H- 
dexamethasone alone and *H-dexamethasone plus unlabelled 
dexamethasone. Cytoplasmic (@) and nuclear ([]) binding were 
measured in 20-4] samples of cells after cell lysis in dextran-coated 
charcoal (cytoplasmic) or 1.5 mM MgCl, (nuclear) as before’. A 
rapid freeze-thaw modification was used to ensure breakage of the 
cells. The values shown are the means + s.e. of triplicate de- 
terminations of the saturable binding fraction from a single 
synchrony experiment. 


masking or unmasking of the binding sites. If the doubling of 
receptor number between late G, and S represents synthesis of new 
receptors, these cells may provide an appropriate system for the 
isolation of receptor MRNA. 
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Biological activities of | 
prostaglandin analogues and 
metabolites on bone in organ culture 





PROSTAGLANDINS, especially the E-series, are potent stimu- 
lators of bone resorption in several in vitro systems“. 
Studies with two experimental tumours (HSDM; mouse 
fibrosarcoma and VX: rabbit carcinoma) have indicated 
that excessive synthesis and secretion of prostaglandin Es 
(PGE) by the neoplastic cells is associated with and seems 
likely to be responsible for the hypercalcaemia observed in 


bd 


with the compounds tested. U-44069 is (15S)-hydroxy-9a,lla-.~ 
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these tumour-bearing animals***. A similar hypercalcae- 
mic syndrome occurs ig some patients with cancer, ig. 
associated with excessive PGE, metabolite excretion in 
urine and is reversed at least in part by treatme 
aspirin-like drugs”. Finally, irftravenous infusion 
in intact, unanaesthetised rats causes an increase of 
calcium concentration”. The most straightforwa 
pretation of these findings is that PGE, is secreted 
tain tumour cells into plasma in such quantity thi 
steady-state plasma concentration of PGE, is suffic 
high to stimulate osseous target cells to resorb bone, 
alernative interpretation is that unmeasured intermedi 
in arachidonic acid metabolism or PGE, metabolites hay 
sufficient bone resorption-stimulating activity to be the 
agent acting on bone cells. This hypothesis gains a degree _ 
of support from knowledge that some prostaglandin meta- 
bolites have longer half lives in plasma than PGE; itself. 7 
We have now measured the biological activities of several 
endoperoxide analogues and PGE, metabolites in a bone 
culture assay system and compared their potencies with 
that of PGE. eo 
The bong regorption-stimulating activities of three prosta- 
glandin endoperoxide analogues are shown in Table 1. | 
Azo-PG Ill, which stimulates platelet aggregation, release a 
of 5-hydroxytryptamine and contraction of isolated rabbit 
aorta’, did not stimulate bone resorption at doses up to. 
10 ug ml™. The other two analogues were only active; 
PEET EE PO EE AAAA N ONE A 


Table 1 Effects of prostaglandin endoperoxide analogues U-44069 œ | 
U-46619 and azo-PG II on bone resorption 















Dose Medium calcium 
Experiment Treatment (ug min?) (mg per 100 ml} 

1 None en 7.6 + 0,43 
PGE, 0.005 8.6+0.43 
PGE, 0.025 12.1 +-0.43* 
U-44069 4 8.1+0.43 
U-44069 20 11.4+.0.43* 

2 None — 7.64-0.36 
PGE, 0.004 , 9.1-+0.36+ 
PGE, 0.050 13.8 +-0.36* 
U-44069 i0 10.1 -+-0.36* 
U-46619 10 8.6-+-0.365 

3 * None mem 7.04-0.43 
PGE, 0.05 12.4 -+-0,38* 
U-44069 15 11.0-+-0,38* 
U-46619 15 8.4-+-0,38f 

4 None — 6.8 4-050: 
PGE, 0.01 8.8+0.50F 
PGE, 0.10 19.3 +-0,50* 
Azo-PG IH 5 6.8 0,50 
Azo-PG Ill p ‘= 5.7 -+0,50 
Azo-PG Hl 0.50 6.1 -+0.50 
Azo-PG HI 0.10 6.2 +-0.50 

5 None vn 6,240.46 . 
PGE, 0.01 9.1+0.46* .. 
PGE, — 0.10 10.6 +-0.46* 
Azo-PG Il 10 6.44046 — 


Bone resorption was determined by measuring the release of 
calcium (*Ca) from neonatal mouse calvaria in organ culture’ +. 
Medium total calcium concentration was measured with a Corning 
model 940 calcium analyser. Medium was Dulbecco’s modified 
Eagle’s medium supplemented either with bovine serum albumin 
(5 mg ml ~) or heat-inactivated (60° C), 1 h horse serum (15°% final 
concentration) and foetal calf serum (2.5% final concentration). 
Results were essentially the same in both kinds of medium. Treatment 
groups consisted of three or four bones each. Results given are mean ae 
values for medium total calcium -: s.e. at the end of 48 h of treatment. 





(epoxymethano)prosta-5Z,13E-dienoic acid (lot no. 12344-JMB-85). i 
U-46619 is (15S)-hydroxy-11a,9a-(epoxymethano)prosta-5Z, 13E- ae 
dienoic acid (lot no. 12344-JMB-109). Azo-PG HI is (5Z, 9a, Tia, es 
13E, 15S)-9,1 1-azo-15-hydroxyprosta-5,13-dienoic acid’. The data in wu 
each experiment were subjected to an analysis of variance and s.e. < 
was calculated from the residual error form of that analysis.. 
*Statistical difference from control mean P < 0.001. 
+Statistical difference from control mean P < 0:01. 
tStatistical difference from control mean P < 0.05, 


Medium calcium (mg 100 mi~*) 


EE EERE. Coenen Aenea hee 
0.001 0.01 O.1 l 





13,14-dihydro 
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Prostaglandin concentration (ug ml~*) 


Fig. 1 Effects of increasing concentrations of PGE», 13,14-dihydro-PGE, and 13,14-dihydro-15-keto-PGE, on bone resorption in organ 

culture. Neonatal mouse calvaria were cultured and analysed as described in Table 1 except that both experiments were performed in 

heat-inactivated serum medium. Furthermore, the calvaria in these experiments were free floating instead of attached to cover slips as 

described in the original procedure® “. This modification simplifies the procedure without affecting the outcome. Each point gives the mean 

value for groups of three or four bones, and the vertical bars give the s.e. at the end of 48 h of treatment. The s.e. were calculated from an 

analysis of variance. a, PGE, (@); 13,14-dihydro-PGE, lot no. 12874-JHK-52A (©). b, PGE, (@); 13,14-dihydro-i5-keto-PGE,, lot no. 
12277-JHK-~-122A (©); thromboxane B,, lot no. 13066-RWJ-38A (mm). 


U-44069 and U-46619 were about 0.08% and 0.06%, respec- 
tively, as active PGE: None of these analogues was an 
effective antagonist of PGE:-stimulated bone resorption 
(data not shown). , 

The bone absorption-stimulating activities of the PGE: 
metabolites 13,14-dihydro-PGE, and 13,14-dihydro-15-keto- 
PGE, were about 6.6% and 0.20%, respectively, as active 
as PGE: (Fig. 1). Thromboxane B: had even fess biological 
activity than 13,14-dihydro-15-keto-PGE:. 

Our results indicate that the bone resorption-stimulating 
activity of PGE, is at least 1,000 times greater than that 
of the three prostaglandin endoperoxide analogues tested. 
PGE. is also about 15 times more potent than 13,14- 
dihydro-PGE, and about 500 times more potent than 
13,14-dihydro-15-keto-PGE:, although an accurate estimate 
of the potency of the latter metabolite was not possible 
because its dose~response curve was not parallel to that of 
PGE, (Fig. 1). 

Because of their relatively low biological activities, if 
any of the metabolites were responsible for the bone resorp- 
tion apd hypercalcaemia seen in HSDM, and VX: tumour- 
bearing animals, the half lives of these compounds in 
plasma would need to be considerably greater than that 
of PGE: thus making it possible for them to accumulate 
to very high levels in plasmaeand extracellular fluid. The 
half life of PGE, is very short, probably less than 1 min’, 
The half «life of native prostaglandin endoperoxides in 
aqueous media is about 5 min” and probably less in plasma 
although this has not been determined accurately. The 


half life in plasma of 13,14-dihydro-15-keto-PGE, is about® 


8 min and that of 13,14-dihydro-PGE, is not known”. Of 
the compounds tested, the most likely mediator of bone 
resorption, other than PGE, would be 13,14-dihydro- 
PGE, because its biological activity was the highest, about 
6-7% of PGE, Unfortunately, no data are available on 
plasma concentrations of 13,14-dihydro-PGE, in control 
or tumour-bearing animals because there are no assays 


+ 


for this metabolite. We have reported that in tumour- 
bearing mice, plasma concentrations of 13,14-dihydro-15- 
keto-PGE, are considerably higher than corresponding 
tevels of PGE. This increment was not sufficiently large 
to cause hypercalcaemia in the mice because of the very 
low bone resorption-stimulating activity of 13,14-dihydro- 
15-keto-PGE2. Seyberth et al. have also noted a greater 
increase in plasma 13,14-dihydro-15-keto-PGE, than PGE; 
in rabbits bearing the VX: carcinoma, and L. G. Raisz | 
has observed (personal communication), using foetal rat 
long bones in culture, that 13,14-dihydro-PGE, and 13,14- 
dihydro-15-keto-PGE, are substantially less active stimu- 
lators of bone resorption than PGEs. ? 

Although our data do not rule out the possibility that 
prostaglandin endoperoxides or metabolites are the media- 
tors of bone resorption and hypercalcaemia in the HSDM: 
and VX; model systems, we believe that the data available 
strongly suggest that PGE: is the mediator. Measurements 
of 13,14-dihydro-PGE, in plasma will provide more evi- 
dence when they are available. 

Prostaglandins, endoperoxides and metabolites were 
given by Dr Udo Axen of the Upjohn Co., with the ex- 
ception of azo-PG TIT which was supplied by Professor E. J. 
Corey of Harvard University. We thank Mrs E. A. Moore 
for statistical calculations. This investigation was supported 
in part by the USPHS. 
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Inhibition of masculine differentiation in 
male offspring of rabbits actively immunised 
against testosterone before pregnancy 


Active immunisation of male rabbits with testosterone- 
protein conjugates results in the production of antibodies 
capable of neutralising the biologic activity of endogenous 
testosterone’. Due to the reduction of free, biologically 
active testosterone caused by almost total binding to anti- 
bodies the entry of this hormone into the target cells is 
inhibited, the metabolic clearance rate is d&creased, the 
negative feedback to the hypothalamus is interrupted and 
pituitary gonadotropin release is increased. Thus, in spite 
of enormously elevated total plasma testosterone con- 
centrations, atrophy of the prostate, paraprostate and 
seminal vesicles can be observed in suitably immunised 
male rabbits. In female rats actively immunised against 





‘testosterone Hillier er al.’ also observed—despite signi- 


ficantly elevated total plasma testosterone concentrations 
—a considerable reduction of the free testosterone fraction 
and an elevation of FSH. Histological examination of 
these animals revealed development of polycystic ovaries, 
similar to those seen in the Stein—Leventhal syndrome in 
humans. These reports prompted us to study whether it is 
possible to fertilise female rabbits after active immunisation 
against testosterone, and whether in pregnancy the anti- 
bodies pass through the placenta in sufficient concentra- 
tions to neutralise the biologic activity of testosterone 
secreted by the foetal testes, thus selectively inhibiting the 
testosterone-dependent steps of male sex differentiation. We 
fqund inhibition of masculine differentiation in offspring 
of rabbits actively immunised against testosterone before 
pregnancy. 

We immunised eight mature female rabbits by repeated 
subcutaneous injections of 2mg_testosterone-3-bovine 
serum albumin (T-3-BSA) dissolved in 1 ml of 0.9% saline 
at intervals of 2-6 weeks. For the first three injections, 
the antigen solution was emulsified in®1 ml of Freund’s 
complete adjuvant. A control group of four animals was 
immunised against unconjugated bovine serum albumin 
(BSA) in an identical schedule. All animals injected with 
T-3-BSA developed highly specific antibodies against 
testosterone. Three months after beginning immunisation 
the titres ranged from 1 : 4,000 to 1 : 40,000 and increased 
after further booster injections. No antibodies to testo- 
sterone could be detected in the controls and their plasma 
testosterone concentrations (7-26 ng per 100ml) were un- 
affected by the immunisation with BSA. In testosterone- 
immunised animals, however, the increase in antibody 
concentration ‘was paralleled by a striking elevation of 
total plasma testosterone from an average of 12 ng per 
100 ml before immunisation to 630-1,450ng per 100ml 
when anibody titres above 1 : 40,000 were reached. Regard- 
less of these high testosterone levels, which exceed the 
normal range of male rabbits’, we tried to mate these ani- 
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mals. After several fruitless attempts mating was success- 
ful in five of them. Altogether they gave birth to 19 males 
and 16 females. Throughout pregnancy the antibody titres 
varied from 1: 15,000 to 1 : 40,000; the testosterone bind- 
ing capacity at 0°°C ranged from 130 to 220 ug per 100 ml. 
The four control animals produced 11 males and 16 
females. Immediately after delivery all newborns were bled 
and blood was collected separately. The genital tract was 
fixed in Bouin’s mixture, embedded in paraffin, cut trans- 
versely and stained with haematoxylin eosin. 

In all neonates from animals immunised with testosterone 
high concentrations of antibodies against testosterone were 
found, with specificity and association constants identical 
to those in the maternal plasma. The testosterone binding 
capacity was about 40% of that of the corresponding 
mother. Plasma testosterone levels were very high with 
mean values of 1,600 ng per 100ml in the females and 
24,000 ng per 100 ml in males. The mean testosterone levels 
in the female and male control neonates, in contrast, were 
15 and 18 ng per 100 ml, respectively, which resembled those 
of normal neonatal rabbits. ä 

In spite of their enormously elevated testosterone levels, 
the experimerrtal female ngonates showed normal female 
sex differentiation; the males, however, revealed genital 
malformations which can be traced back to the inactiva- 
tion of testosterone by antibody binding, resulting in 
feminisation of internal and external genitalia. The most 
striking finding was the underdeveloped accessory sexual 
glands. In most animals the prostate and paraprostate 
were totally absent and the, vesicular glands were reduced 
to rudimentary buds (Fig. 1). The bulbo-urethral glands, 
which in males are normally more extensively developed 
than in females, showed the extent of female glands only. 
Seminal vesicles were present in all experimental males; 





Fig. 1 Cross sections of male newborn rabbits at the level of 
prostate and _ vesicular gland. a, Male control (showing no 


difference frm normal males); b, male immunologically 

deprived of testosterone. R, rectum; U, urethra; P, prostate; 

VG, vesicular gland; SV, seminal vesicle; WD, Wolffian duct. 

a 

however, in most of them they were less developed than in 
normal neonates. The Wolffian ducts wert severely 
affected and were at the point of regression (Fig. 2). The 
epithelium was irregular and flat, the basal membrane had 
disappeared and the surrounding mesenchyme penetrated 
into the epithelium. Pycnosis, chromatolysis and other 
signs of imminent cell death predominated. The phallus of 
most males immunologically deprived of testosterone was 
also feminine (Fig. 3). The urethra corrgsponded to the 
female sinus urogenitalis rather than to the urethra of 
normal males. The corpus fibrosum was reduced to the 





Fig. 2 Cross sections through Wolffian ducts of male newborn 
rabbits. a, Male control (showing no difference from normal 
males); b, male immunologically deprived of testosterone. 


a 
normal extent for females. As in females, the lamina 
glandaris was open ventrally, the urethra was located 
eccentrically, protruding into the perineum, and severe 
hypospadias could be observed. Despite these distinct mani- 
festations of testosterone deficiency we never observed 
alternative development of female gonoducts. As in 
normal males the Miillerian ducts were completely 


inhibited. No abnormalities were detected in the testes, so 
withdrawal of testosterone as from the beginning of foetal 
development did not influence the gonadal differentiation. 
Microscopic examination of the control litters revealed 
normal sex differentiation in both sexes. The histological 
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pictures* were indistinguishable from: those of normal 
female and male neonatal rabbits, respectively. 

Our experiments indicate that *hormones, which are 
essential for normal foetal development, can be neutralised 
in the foetuses by their respective antibodies raised in the 
mothtr, provided that the immunisation does not interfere 
with fertilisation. In rabbits active immunisation against 
testosterone does not preclude pregnancy. After passage of 
the placenta, the antibodies inhibit the entry of testostergne 
produced by the foetal testes into the cells of the develop- 
ing target organs. In contrast to the experiments of Jost’, 
who deprived male foetuses totally of testicular activity 
by castration in utero, our experiments resulted in the 
selective suppression of the androgenic effects of the foetal 
testes, leaving that testicular factor intact which controls 
Miillerian duct inhibition. Thus, with re$pect to the foetal 
genital tract the effects of maternal immunisation against 
testosterone are comparable tq, those of blocking the 
foetal androgens by treating the pregnant mothers with 
cyproterone acetate, as described by Neumann ef al.‘ The 
1,000-fold elevation of plasma testosterone in {he male 
offspring of testosterone-immunised female rabbits sug- 
gests, however, that the antibodies exhibit additional 
important effects on foetal testosterone metabolism and 
regulation. > 
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Vitamin A deprivation 
and Drosophila photopigments 


VITAMIN A deprivation causes a profound reduction in visual 
sensitivity and photopigment concentration in the eyes of both 
vertebrates and invertebrates™?. In vertebrates vitamin A dê- 
privation results in degeneration of photoreceptor cells? and 
decreases the number of intramembrane particles visualised in the 
disks of rod outer segments by freeze-fracture electron micro- 
scopy*. This and other evidence’ suggests that these particles 
represent rhodopsin molecules. Invertebrate photoreceptors have 
similar, 8-nm intramembrane particles in the stacked microvilli 
which form their light-sensitive rhabdomeres®’. The number of 
particles is comparable to the number of pigment molecules 
present® and is dependent on the state of light adaptation’. We 
describe here a study of the effects of vitamin A deprivation on the 
fine structure, photopigment content, and sensitivity of Drosophila 
photoreceptors. The results support the hypothesis that most of 
the intramembrane particles in invertebrate rhabdomeres, like 
those in vertebrate photoreceptors, are rhodopsin molecules. 

D. melanogaster (Canton-Special strain) were deprived of 
vitamin A by raising sterilised eggs on Sang’s synthetic medium C 
(ref. 10); control flies were reared identically except that f-carotene 
1.25 mg ml! was added to the medium. White-eyed mutants (w) 
were employed in some experiments to eliminate screening 
pigments which interfere with spectrophotometric measurements. 
Fly heads were bisected, fixed for 2h at 21 °C in half-strength 
fixative'!, and washed in cacodylate buffer. Preparations for 
conventional electron microscopy were postfixed in osmium 
tetroxide, embedded in epoxy plastic, sectioned, and stained with 
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AS contrasting with that in vertebrate rods? and moth photo- 
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TE tie receptors'*. The nature of the intramembrane particles remaining 
es after vitamin A deprivation is unknown; because the reduction in 
rhodopsin measured spectrophotometrically or physiologically is 
much larger than the reduction in particle density, itis unlikely that 
the persisting particles represent rhodopsin molecules. The dis- 
crepancy of results obtained by the thrge techniques could be 
explained if some of the particles are not photopigments or if they 
are opsin molecules lacking chromophores. Nevertheless, the 
i evidence indicates that the large majority of the 8-nm particles in 
ae Par EA | 2 | the rhabdomeric membranes of normally reared flies are 
ee a ae eee al E ee rhodopsin molecules. 


POSTE ESAT VOT Ve Cd TA A 


Be eg Te ees tale ee oa 





ae ot be ar 


Fig. 1 Electron ‘micrographs of Drosophila photoreceptors: a, 
tahgential section through the central portion of an ommatidium ina 
vitamin A-deprived fly, showing cells RI-R6 and R7. The size and 
arrangement of the retinulafcells and their rhabdomeres are normal 
( x 2,400); b, freeze-fracture view similar to the above, demonstrating 
fracture faces in @ vitamin A-deprived fly and the ability of the 
technique to demonstrateespecific retinular cells ( x 4,000); c, high- 
magnifitation freeze-fracture view of rhabdomeric membranes of a 
peripheral photoreceptor in a vitamin A-deprived specimen—8-nm 
intramembrane particles (arrows) are very few in number ( x 43,000); 
d, freeze-fracture view of control rhabdomeric membranes, which are 
heavily studded with particles 6x 43,000); e, high-magnification 
photomicrograph of a cell R7 rhabdomere from a deprived animal, 
demonstrating a paucity of particles ( x 43,000); f, membrane 
fracture faces of a cell R8 from a deprived fly, showing a reduced 
intramembrane particle density ( x 43,000). 


470-590 


lead citrate. Freeze-fracture specimens were equilibrated for 8 h 
with 25% glycerol in Drosophila saline, freeze-fractured and etched 
for | min in a Balzers apparatus, and replicated by platinum and 
carbon shadowing. Specimens were examined with a Philips EM 
301 and measurements made on prints at a magnification of 
100,00Q x . Visual pigment content in homogenates prepared from 
exactly 100 heads each was assayed for light-induced absorbance 





changes in a dual-wavelength spectrophotometer!?. Visual sensi- 400 500 

tivity was measured by determining the intensity of 470°nm light Wavelength (nm) 

needed to elicit a criterion electroretinogram (ERG) response!? of a 

5SmV Fig. 2 Absorption spectra changes for a, vitamin A-deprived flies 

“i ; À , and b, control flies. The ordinate is the difference between the 

Vitamin A-deprived Drosophila retinas appear normal in low- absorbances after 10 s actinic irradiations presented successively at 

power electron micrographs (Fig. la, b) and rhabdomeric dimen- 470 nm (2.7 mW cm) and 590 nm (2.3 mW cm™?; thin lines) or in 

sions fall within the normal range. The number of 8-nm in- . the opposite order (thick lines). 


tramembrane particles in rhabdomeric microvilli, however, is 

decreased about fourfold in comparison with controls (Fig. Ic, d, 

Table 1). Spectrophotometric measurements reveal a greater than Each subunit or ommatidium of the Drosophila compound eye 

70-fold reduction in photopigment level (Fig. 2, Table 1). Cor- contains eight photoreceptors which constitute three distinct 

respondingly, visual sensitivity as measured by the ERG is reduced classes, each with a different photopigment!?. These three types 

approximately 80-fold by vitamin A deprivation (Table 1). correspond morphologically to the peripheral photoreceptors, 
The normal size and shape of the rhabdomeric microvilli in cells RI-R6, which are blue receptors; fhe upper-central cell, R7, 

vitamin A-deprived Drosophila show that a full complement of which is an ultraviolet receptor; and the lower-central cell, R8, 

rhodopsin is not required for structural integrity of the photo- which is a blue receptor with a different pigment from that in cells 

receptor membrane, a finding similar to that in Aedes‘? but R1I-R6. The preponderance of R1-R6 cell types in the retina 





e . *_* >. . 
Table 1 Effect of vitamin A deprivation on the density of intramembrane particles, light-induced absorbance change, and electroretinogram sensitivity in 











Drosophila 
— = = = : = — ee 
Vitamin A- ° 
deprived ° Control Deprived 
Control 
o 

Intramembrane particle 1030+31 4214+163 0.24+0.01 

density (particles per ym?)* (n = 27) (n = 6) A 
Light-induced absorbance < 0.0002 0.015 +0.002 <6.01 

change (AA) (n = 2) (n = 2) 
Electroretinogram 0.42 +0.07 32+5 0.013 +0.003 

sensitivity (mV «4 W~ ' cm~?)* (n=5) ° (n = 5) 


Ã— Á ĖŮĖŮŮŐŮŐŮŮŮŮŮŮŮŮĖŮĖĖĖĖĖĖĖĖ——————————”—”—”ō—/ 


intramembrane particle densities were determined from counts of the 8-nm particles on rhabdomeric ‘P’ fracture faces and from areal measurements 
made with a Wang 600 planimetric computer. No corrections were made for the curvature of microvillar surfaces. Data from white-eyed and normally 
pigmented flies were not significantly different and were combined. Light-induced absorbance changes were measured with the sensitive dual-wavelength 
mode of the spectrophotometer at 470 and 580 nm; 10s actinic irradiations were provided alternately at 470 nm (2.7 mW cm~?) and 590 nm 
(2.3 mW cm~?), Visual sensitivity was measured for a criterion electroretinogram response of 5 mV to 470 nm light. Data are given as means with standard 
errors of means; n is respectively the number of rhabdomeres scored, of pigment preparations scanned, and of flies studied. 

*Difference significant at P < 0.001. 
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usually masks the contribution’ of R7 and R8 cells to spectro- 
‘© photometric and ERG measurements, and thus prevents the 
> determination of the chromophore in these cells. The reduction of 

intramembrane particles by vitamin A deprivation in all three 


receptor classes (Fig. le, f, Table 1) suggests, however, that the 
three spectrally distinct photopigments all use retinal (or its 
derivatives) as a chromaphore. This result is consistent with other 
evidence!‘ that the ultraviolet-sensitive photopigments of flies are 
retinal-based. 
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Storage of cannabinoids by Arctia caja 
and Zonocerus elegans fed on 
chemically distinct strains of Cannabis sativa 


Tue larvae of the warningly coloured tiger moth Arctia 
caja (L.) (Lepidoptera) and the grasshopper Zonocerus 
elegans (Thunberg) (Acridoidea) are polyphagous feeders 
with a predilection for poisonous food plants. These species 
can sequester and store various secondary plant substances 
such as cardiac glycosides and pyrrolizidine alkaloids’”’, 
which presumably function as predator deterrents. We 
report here that cannabinoids ingested with the leaves of 
Cannabis sativa L. are also stored by both insects. 

There is good evidence that C. safiva contains at least 
two chemical races or strains, one rich in the psychoactive 


e substance A-l-tetrahydrocannabinol (THC) and the other 


in the inactive cannabidiol (CBDY, and accordingly one 
of each type was used in our work. 
A. cdja larvae, derived from a single egg batch from a 


a wild female caught at Ashton Wold, were allowed to feed 


freely either on a Mexican THC-rich strain (referred to as 
THC strain) or a Turkish CBD-rich strain (referred to as 
CBD strain), with no alternative food offered. Leaves from 
matched shoots of, both strains were taken for analysis as 
controls. Feeding continued for 44d at 24°C and 50% 
relative humidity. Another batch of larvae was reared to 
the third instar on the CBD strain, then transferred to the 
THC strain. Controls were fed on Senecio jacobaea L. 
‘Only nine wild caught Zonocerus elegans nymphs (from 
Nigeria, where they were feeding on cassava) were avail- 
able. Because we found the Mexican strain of Cannabis 
had. proved lethal for hoppers of Schistocerca gregaria 
(Forsk.) we allowed Z. elegans to feed on both strains 
indiscriminately. They showed no preference but fed 
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2 
sparingly’ One specimen died and the pest were killed after 
6 week continuous feeding on Cannabis, For the last 3d 
before analysis the diet was changtd to grass to empty 
the gut of cannabinoids. Eight whole insects, four exuviae 
and a sample of frass were analysed. 

Th® A. caja larvae fed on THC strain were stunted 
(Fig. 1) and did not survive beyond the third instar. Those 
fed on the CBD strain developed more slowly than the 
controls, but pupated successfully after 7-8 weeks of laryal 
life. 

About 30% of larvae reared to the third instar on CBD 
strain and then transferred to the THC strain developed 
and pupated successfully. Subseqaently, further attempts 
were made to rear larvae on the THC strain, and on one 
occasion four specimens reached the fifth instar after 
9 months’ continuous feeding, and, of these, one pupated 
and the female which emerged mated and laid fertile eggs. 

The vegetative leaves of the Mexican strain. contained 
19.3mg of THC per g dry weight, while those of the 
Turkish strain contained 10.2 mg of CBD per g dry weight. 
Thus the greater toxicity of the Mexican strain may have 
been due to greater toxicity of THC or simply to a greater 
absolute amount of cannabinoid: other differences between 
the two types may contribute to the more lethal effect of 
the Mexican THC strain. ° 

The larvae (starved for 24h before analysis), their frass, 
exuviae and gupae were examined for cannabinoids. Insect 
samples were extracted for 18h with ethanol at room 
temperature and the extracts were assayed as described 
before’. Quantitative identification of cannabinoids was 
checked by thin-layer chromatography". The residue was 
heated under reflux with 0.1 N NCI for Ih and then 





Fig. 1 Larvae reared for a, 32 d on ragwort (Senecio jacobaea), 
b, 32 d on the THC-rich strain of Cannabis; and c, 32 d on the 
CBD-rich strain of Cannabis. 
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Table 1 Cannabinoid contents (mg per 








CBD type throughout 
larval growth 
Larvae 
CBD | trace . 
THC 0 
Pupae 
-CBD | E Q 
%_ THC | 0 | 
 Exuviae - (mg per g dry weight) 
CBD — 0.1 (0.0012) 
THC 0 
Frass (mg per g dry weight) 
| CBD ad 2.1 
THC 0 





_*The coefficient of variation for a 
in duplicate. n 


g fresh weight) of Arctia caja fed on Cannabis sativa* 


single assay involving all stages is only 2.7 % (ref . 4), 






Feeding regime ` 
CBD type to 3rd instar, 
and then THC type 


0.21 (0.01)t 
0.99 (0.07), 0. 


5: 
0.28 (0,004) 
2.6 (0.04). 





Where sufficient material was available it was analysed ae 


` Figures in parentheses indicate the weight of cannabinoid in mg in each insect. boa i EOR a - 
NE; not examined, . š : : T ak n fee 


extracted with diethyl ether. This extract was also 
examined eas above. i A 

Table 1 shows that specimens reared throughout larval 
growth on CBD strain contained only traces of CBD, 
insufficient for quantitative analysis. Acid hydrolysis of 
the residue released a trace of a compound which gave a 
positive colour reaction for cannabinoids but did not 
correspond to any available standards on gas chromato- 
graphy. Such traces were also found in the pupae and may 
represent a metabolite of CBD, present as a glucoside. 
CBD, as the acid, in which form it appears in the plant, 
was present in the exuviae (cast skins) at a concentration 
of 0.0012 mg per exuvia. On the other hand, larvae reared 
to the third instar on the CBD strain then transferred to the 
THC strain, stored more CBD per insect (0.01 mg) in the 
fifth instar than those fed solely on the CBD strain, and in 
addition each contained 0.07 mg of THC. This was also 
present mainly as the acid, but some decarboxylated THC 
was identified. 

The exuviae of insects reared exclusively on the THC 
strain until death contained relatively high concentrations 
of THE acid. Thus, measured as mg of cannabinoid per g 
of insect material, the exuviae of insects reared on the 
THC strain contained more than ten times as much 
cannabinoid as those feeding on the CBD strain. Those 
reared to the third instar on the CBD strain and then 
switched to the THC strain contained 25 times as much. 

In both sets of larvae at least 80% of the cannabinoids 
recovered was found in the relatively small sample of frass 
analysed (Table 1). This shows- that they excrete much 
more cannabinoid than they store; however the concëntra- 
tion in the frass was much less than that in the plant 
material, which was the sole article of diet, so that most 
of the cannabinoid eaten must have been metabolised. 

Most of the cannabinoid recovered from Z. elegans 
(Table 2) occurred in the frass. The weight of THC in 
the whole insect was remarkably similar to that in full 
grown A. caja larvae, but a much smaller proportion was 
stored in the integument. CBD was lacking in. both the 
insects and their exuviae, although it occurred in the 
frass, thus indicating that Z. elegans can metabolise this 
compound efficiently. 

The most striking aspect of the storage of THC by 
A. caja is the relatively large amounts concentrated in the 
cuticle. Thus the insect can rid itself of much of the toxic 
material not voided in the frass, but accumulates it 
between moults* at a site where it could function as a 
‘predator deterrent’. Mice, which are voracious feeders 
on larval Lepidoptera, show a reduction of spontaneous 
activity when given an oral dose of 0.013-0.025 mg of 
pure THC (J. Pickens, unpublished). Thus, one larva 
containing 0.07 mg THC would be above the threshold 


dose for pharmacological activity. Although the accumula- 
tion of toxins in the cuticle has not been noted’ before, it 
may be a widespread method for the storage of deterrent 
secondary plant substances, specially in aposematic larvae 
which are followed, by a cryptic adult stage’. 

When we offered newly hatched A. caja larvae (20 trials) 
a choice of leaves from both strains of the plant (matched 
for size, age and position on the stem) they showed a 
definite preference for the Mexican strain. This may be due 
to factors unconnected with the type and concentration of e 
cannabinoids, but should these compounds exert a fatal 
fascination for. tiger caterpillars it suggests another subtle 
system of insect control by plants. 
$$$ $$ $e 
Table 2 Cannabinoid contents of Zonocerus elegans fed on C. sativa 


THC content* CBD content* 3 - 
Whole insect (mg per insect) 0.06 0 ie 
Exuviae (mg per g dry weight) 0.006 0 
Frass (mg per g dry weight) 295 > 0.97- 


*No additional cannabinoid was released by acid hydrolysis. | 


Our results demonstrate the versatility of moth and grass- 
hopper in dealing with poisonous plant substances en- | 
countered during feeding. Both are preadapted to. the. ee 
storage of cannabinoids, for C. sativa has not been recorded 
as a food plant in nature. Because of widespread cultivation ——__ 
of C. sativa the ranges of the plant and A. caja now over- ~ ee 
lap. Furthermore, both store the more toxic THC rather _ o 
than the relatively innocuous CBD. This is reminiscent Do 
of the aposematic butterfly Danaus plexippus (1..) and gras ooo 
hopper Poekilocerus bufonius (Klug). which also store the _ 
more active cardiac glycosides’ ingested with their. food 
plants. a oe 8, be WE 

We thank Dr Elizabeth Bernays for the gift of living 
Zonocerus. — , 
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Nature of recombinants produced i 
by the RecBC and the RecF 
pathways in Escherichia coli 


BASED on analysis of yarious recombination deficient mutants, , 


at least three different pathways of chromosomal recombina- 
tion have been suggested in £. coli K12: the RecBC, the RecF 
and the RecE pathways'~*. Our present knowledge of initial. 
and final DNA structures and of the intervening events is very 
limited. Only some of the genes controlling each pathway have 
been identified**; the products of a few of these have been 
isolated and characterised®~**; little is known about the specific 
steps at which these products participate in the respective path- 
ways. The role of exonuclease V, the product of the recB and 
recC genes, has been studied"'*-™, Recipients deficient in this 
enzyme give greatly reduced yields of viable recombinants", but 
support certain types of recombinational events with relatively 
high efficiency!?!*5, ExoV has thus been considered to be more 
important gn determining viability of the recombinant cells 
than in the recombinational process itself. It has been sug- 
gested, on the basis of transfosmation and trang#duction ex- 
periments, that the recombinant products of the RecBC and the 
RecF pathways may be structurally different’*"’. We present 
here results from conjugation crosses of E. coli K12 which 
demonstrate that the viable recombinants produced by the 
RecBC and the RecF pathways are significantly different in 
terms of the density of genetic exchanges present in them. A 
preliminary account of this work has already been presented’*. 

A simple mathematical formulation of E. coli conjugation 
system!” shows that the recombinational process in this system 
can be visualised as consisting of two operationally separable 
parts: (1) the initiation of the recombinational process at 
randomly distributed points on the chromosome, and (2) the 
development around these points of short regions of recom- 
bination (RRs), each of which may contain several genetic 
exchanges. Increase in the probability of initiation of the RRs 
is reflected in increased values of two-point recombination 
frequencies (R1) between pairs of markers, while increase in the 
mean number of exchanges per RR, is reflected in increased 
values of R2(1), which is a measure of the frequency of addi- 
tional exchanges close to a selected exchange (fig. 1). A com- 
parison of RI and’ R2(1) values in recombinants produced by 
the different recombinational pathways can thus give informa- 
tion about the differences present in the final products of these 
pathways and about the earlier events. 

MD1763, a pyrA derivative of HfrH was mated with an ara, 
thr, str-r, F~ recipient, AB1157 and its recB recC, reeB recC 
sbeB, and recF derivatives (Table 1). Selection was made for 
ara* str-r, ara* pyrA* str-r and ara* pyrA* thr* str-r recombi- 
nant types. The values of RI and R2(1) calculated from these 
(Table 2) are strongly dependent on the recombinational path- 
= ways functioning in the recipients. It seems that the recombina- 
tional process controlled by the RecF pathway involves a higher 
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E c? b ao ae 
4 oS str—s 
* 2 oa 
Aina aes F 
<2 +1 str—r 


Fige 1 Configuration of a typical three-point cross; R1 is the 

two-point recombination frequency in region | and is the 

number of atbtsir-r recombinants per a*str-r recombinant. 

R2(1) is the frequency of recombination in region 2 in the sub- 

population selected for recombination in region 1 and is given b 

the number of atbtectstr-r recombinants per atb*str-r 
recombinant. 


density of exchange clusters along tke chromosomal length and 
a higher number of recombinational exchanges per cluster as 
compared to the RecBC pathway. 

The markers involved in the above intergenic cross are com- 
paratively widely spaced, each of the two intervals (1 ahd 2) 
measuring a little more than half a minute on the standard 
genetic map of E. coli K12 (tef. 20). To see whether similar 
pathway-dependent effects are present ein recombination 
involving closely spaced markers, two-point crosses involving 
markers, (1) within a single gene (araC), and (2) in “two neigh- 
bouring genes (araB and araC) of a single operon, were per- 
formed for all the above-mentioned recipient backgrounds. R1 
values were determined in each case (Table 3), and the effect of 
mutations in the RecBC or the RecF pathway on R1 values for 
closely spaced markers is essentially similar to that for widely 
spaced markérs (Table 2). 





Table 2 Conjugational crosses between MD1763 donor strain and 
different recipient strains 


Recipient strains Ri R2(1) 

ABI157 0.062 +-0.017 0.16 +0.04 
AB2470C 0.24 -+0.04 12 +-0.04 
JC7623 0.24 +0.05 0.25-+0,05 
JC9239 0.055 4-0.015 0.11 -+0.03 


ERAR RIRRSIE., EELA NA AAEREN SERENE ERE AEA ANAA SAAN AAAA AAAA AEA NAA AA AEAEE E EEE SE EA A AAE E ER A 


Conjugation experiments were performed as follows: exponentially 
growing cultures (2-4 x 10° cells per ml) of donor and recipient cells 
were mixed in the ratio 1:5 and incubated for 5 min, then thg mating 
mixtures were diluted 1:50 in liquid BT 8 nutrient broth containing 
tryptone) and allowed to mate for another 55 min with gentle 
shaking. The mating mixtures were then diluted 1:1 in BT containing 
200 ug per mi~ streptomycin, blended and incubated with shaking 
for 4 h, then plated on prewarmed selection plates, spread with. 
0.7°% topping agar and incubated for 40 h before counting the 
number of recombinant colonies. All operations were performed at 
37°C. The results are averages of gt least three experiments. The above 
cross is similar to the typical three-point cross shown in Fig. 1, with 
ara-14, pyrAS3 and thr-l representing markers a, b and c, respectively. 
Both RI and R2(1) values are highest in JC7623, which is expected 
to produce most of its viable recombinants via the RecF pathway. 
The lowest values are obtained in JC9239, which lacks the RecF 
pathway and is mostly dependent on the RecBC pathway for recom- 
binant production. The wild type ABI157 gives intermediate values 
for these frequencies, while AB2470C, which lacks exoV gives an RI 
value comparable to {C7623 and an R2(1) value, somewhat lower than 
the wild type. 


PNOO ONNON NONON nnTTInnTannnrerTranLITInInTTE r= 0 ee elm nnn son ememnemeenneneneneannenennnemedetennnentenmmmnneammenmememmme ennamnmmmemennmmmnenennenenememmemmmsamstenetetaeseettnesaetesnememmnemmecmmmumesuuncscunessunununsneensnanecnneemaccmaacaississi ins aaa 





Strains Rec genotype | 
recB rec€ recF sheB 

ABLIS7 | ai as ay ae 
AB2470C 21 22 Sa me ° 
JC7623 21 22 -- 15 
JC9239 -+ f- i4 + 
MD1763 -j es oe ss 
MD2116 an 4- + + 
MD2121 + + da ae 


* * 


Table 1 E. coli K12 strains used in this study 





Other markers Sex Source 
or ref. 
thi-l, thr-1, leu-6, F- A, J. Clark 


lac Y1, mtl-1, xyl-5, 

ara-14, galK2, his-4, 

proA2, argE3, tsx-33, 

sup-37 (amber), str-31 

Same as AB1157 F- 


Same as AB1157 Ee e A.J. Clark 
Same as ABII57 | A. J. Clark 
pyrA33, thi HfrH 19 
araBll3, irpR1, dra-2 HfrH This study 
araC191, rpRI, dra-2 HfrH This study 


MD2116 is an araB and MD2121 is an araC derivative of WP1767 (ref. 19); araB and araC mutations were isolated after mutagenesis with 


2-aminopurine, 
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The comparable (three to fourfold) increase if R1 in 
AB2470C and JC7623. indicates that in the absence of exoV, 
the probability of initiating RR in a given chromosomal length 
increases. As most current models of recombination?! 22 
postulate the presence of single-stranded breaks (nicks) in DNA 
as an essential prerequisite for initiating the recombinational 
process, it-is reasonable to infer that, in the absence of exoV, 
the density of such nicks is higher. This is consistent with the 
suggestion®® that reeB+ recC+ gene products are involved in the 
repair of chain breaks that arise during cell growth. The alter- 
native possibility that exoV has no effect.on.the mean density 
or distribution of RR and that the increase in R1 values is 
simply a reflection of higher selective survival (for some un- 
known reason) of the recombinant subpopulation with higher 
number of RR seams rather improbable: it would be difficult 
to ugderstand why AB2470C and JC7623, which give widely 
different yields of viable recombinants, should give comparable 
increases in Ril values. = =, 


+ 





Table 3 Two-point recombination frequencies (R1) between pair 
of ara markers in different recipient strains * 





Recipient strains Donor strains 


(ara~14) -= MD2116 (araBl 13) MD2121 (araC191) 
AB1157 9.0095 +-0.0012 0.00047 -+-0.00010 
AB2470C 0.0253 +- 0.0080 0.00138 +0.00020 
JC7623 0.0278 +-0.0060 0.00161 0.00003 
JC9239 0.0090 -+-0.0026 00031 -+-0.00005 





The experimental procedures were similar to those in Table 2. The 
order of ara mutations was pyrA53 araB1ll3 araC191 ara-14 leu. To 
calculate the frequency of recombination between different ara 
markers, the nearby leu was used as a reference marker. The fre- 
quencies given represent ratios of ara* str-r recombinants to leut str-r 
recombinants produced in the respective crosses and are averages of 
at least three independent experiments in each case. 

* 


The considerably higher value of R2(1) in JC7623 than in 
AB2470C indicates that the deficiency of exonuclease I in- 
creases the mean number of exchanges per RR which may be 
due either to an increased exchange density within these regions 
of recombination or to an increase in the mean length of these 
regions or both. The second alternative more easily explains the 
improved recovery of recombinants in the exol deficient recB 
recC cells, and is consistent with results in Pl-mediated trans- 
duction crosses**. These observations support a model (manu- 
script in preparation) which postulates that the RecBC pathway 
preferentially promotes integration of double-stranded donor 
DNA segments which may have short single-stranded ends, 
whereas the RecF pathway mostly promotes integration of 
single-stranded donor segments. 

We thank A. J. Clark and J. Tomizawa for supplying E. coli 
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High-LET radiations induce a large 





THE mechanisms by which mammalian cells are killed by ionisiny 
radiation have not been explained at the molecular level and __ 
radiations with a high linear energy transfer (LET) can provide _ 
an important tool for investing these mechanisms. High-LET 
radiations, such as neutrons, z-mesons and low-energy heavyions — __ 
are known to kill bacteria", yeast’*, and mammalian cells in * 
vitro™? more efficiently per unit dose than radiations with diffuse 
patterns of ionization, or low-LETs, such as y or X-rays, Other. 
radiobiological phenomena associated with high-LETJ radiations —_ 
are a reduced effect of chemical modifiers, for example, oxygen, 
on cellular ¢adiation sensitivity and reduction or loss of cellular. 
ability to recover from radiation damage between split radiation 
doses**. Because of these and other attributes, including the 
favourable depth—dose distribution of heavy ions and 2-mesons, 
high-LET radiations are being actively considered for useincancer 
radiation therapy'':'?, and a thorough understanding of their 
biological effects is necessary for them to be used to advantage 
clinically. We report here that, over an LET range of 1-1953 keV © 
um™~', there is an excellent correlation between the efficiency of 
exponential (single-hit) cell killing and the induction of none. 
rejoining DNA strand breaks, as measured on alkaline sucrose 
gradients. This correlation implies that non-rejoined breaksarea « 
cause of cell death. Re 

We measured DNA strand break induction and rejoining in. 
Chinese hamster V79 $171 cells'*. X rays (300 kVp, 1.6mm Cu 
h.v.L) and low-energy heavy ions from the Lawrence Berkeley _ 
Laboratory 88-inch cyclotron and heavy-ion linear accelerator 
provided radiations with the various LETs used (Table 1). 











Energy LET* 
lon (MeV a.m.u.~?) (keV pom!) 
Proton 40 EY: 
Proton LIS 27 
Be 4.0 151 
Ia 3.8 332 
*ONe 3.8 827 
40 At 3.9 ° 1953 
+A 1.5 


*LET in water. e 
tThree experiments, with ion energies of 4.6, 4.2 and 3.0 MeV amw 7E o> 
are grouped here. te 













As LET increased from 1 keV ym™~' with X rays to 195 
um”! with *°A‘ions. DNA strand break induction decreased fron 
2.67 +0.14 x 10~*to. 0,48 +0.03 x 1074 breaks per 10° daltons per _ 
rad (Fig. la). The percentage of these breaks that did not rejoin in 
post-ittadiation incubation of 84h or more, however, increased: 
with LET from 1.4 +0.4% for X rays to 17.94 1.5%.at 1953 keV. 
pm”! (Fig. 1b). aoe 

The data of Fig. 1a and b were combined to obtain the efficie 
for the induction of non-reioining breaks, normalised to the 
obtained for X rays. This yielded a relative efficiency for 
rejoining break induction as a function of LET (Fig. 2 
peaked response obtained is similar to that found for k 
some strains of bacteria? and yeast***, for induction of m 
in yeast'*, for killing of mammalian cells in vitro™,; and fe 
induction of chromosome aberrations in mammalian cells in 
vitro’. 











Killing of mammalian cells by ionising radiation can be 
described in terms of two classes of radiation interactions?! 5'7 ; an 
irreversible lethal class, which follows'single-hit kinetics and leads 
to an initially non-zero, negative slope on log survival against 
dose curves; and a sub-lethab class, which may or may not be 


reversible ad which leads to a sigmoidal survival curve. Most of 


Breaks per 10° dalton per rad ( x 10*) 


% non-rejoined breaks 





10 100 
LET (keV um~*) 


1,000 


Fig. 1 Induction of DNA strand breaks by X ray and heavy ion 
irradiation. V79 $171 cells were grown as monolayers on glass dishes 
and labelled with '*C-thymidine (0.07 „Ci ml~', 57 Ci mol~*) for 
12-14h. They were then exposed to X rays or to the heavy ion 
radiations indicated in Table |, and allowed to grow for 0-12 h before 
collecting for gradient analysis. To eliminate the neeg for alkaline 
sucrose gradient analysis immediately, cells were frozen and gradient 
analysis was performed up to | month later. For collecting, cells were 
rinsed twice with citrate saline (0.75 M sodium citrate, 0.075 M 
sodium chloride) and 0.8 ml of citrate saline was added to cover the 
monolayer. The entire dish was then pressed against a methanol- 
coated thin aluminium plate resting on powdered dry ice. This gave 
very rapid freezing (within 2-3 s) of the cell monolayer and the 
citrate-saline solution that covered it. Dishes were placed in deep 
freeze (— 76°C) for storage. When gradient analysis was to be 
performed, cell dishes were thawed in 3—4 min at room temperature. 
Cells were detached from the surface by gentle repipetting of the 
citrate—saline solution covering them, and then an equal volume of 
lysis solution, consisting of 0.5 M NaOH, 0.02 M Na,~EDTA and 
0.1% NP-40 (non-ionic detergent) was added. Lysis was allowed to 
proceed for 14-2 h, and 1.0 ml of the lysate was transferred to the top 
of an alkaline sucrose gradient. Transfer was performed with a wide- 
bore pipette tip connected by a Tygon tube to a motor-driven syringe. 
Alkaline sucrose gradients (5-20°,) were formed from 5%% sucrose 
containing 0.1 M NaOH, 0.9 M NaCl and 0.01 M N&,-EDTA (pH 
12,15) and 20% sucrose containing 0.15 M NaOH, 0.85 M NaCl and 
0.1 M Na,-EDTA (pH 11.20). Thirty min after the cell lysate was 
transferred, gradients were centrifuged at 19,700 r.p.m. in an SW 27 
rotor for times that brought the peak of the DNA profiles appro- 
ximately 75% of the distance down the tube. Thirty fractions per 
gradient were collected by puncturing the tube bottom, the radioac- 
tivity per fraction was counted, and molecular weights (weight 
average and number average) and the numbers of DNA breaks were 


calculated as before?7.28, using phage T4 DNA asa molecular weight ® 


standard. A number average molecular weight of approximately 
2x108 was calculated for DNA from unirradiated V79 cells. a, 
Efficiency of induction of strand breaks. Cells were irradiated at 4 °C 
with doses between 3 and 45 krad and were analysed for strand breaks 
without subsequent incubation at 37°C. b, Percentage of non- 
rejoining breaks, that is, DNA breaks in (a) that did not rejoin in 84 h 
or more of post-irradiation incubation at 37 °C. These percentages 
were independent of dose (data not shown). Rejoining data were not 


obtained for the 2,900 keV m~ + *°A ion irradiations. 
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the high-LET, mammalian cell studies cited above demonstrate 
that the single-hit component of cell killing predominates for high- 
LET radiations, yielding linear survival curves on log plots. 

Todd!*-!9 analysed extensive high-LET survival data for T-1 
humap kidney cells in terms of such single-hit and sigmoidal 
components. Relative efficiencies for single-hit killing, equivalent 
to relative efficiencies measured at high survival levels, can be 
calculated from Todd’s data. These are in excellent agreement with 
the relative efficiencies for non-rejoining DNA break inductsdn 
found here (Fig. 2). These non-rejoining break data are also in 
close agreement with other high-LET data for single-hit killing of 
Chang human liver cells!’ and Chinese hamster CH2B2 cells’ (not 
shown). The implication is that non-réjoining DNA breaks cause 
single-hit, irreversible cell death. If this is true, then non-rejoining 
breaks would constitute the predominant lethal lesion for high- 
LET radiations. At low-LETs, their contribution to cell killing 
would depend upon such factors as dose and dose rate, becoming 
relatively more important, compared%o sublethal damage, as dose 
or dose rate was reduced. 3 

There is evidence to support the contention that non-rejoining 
DNA breaks might result in cell death. Some Escherichia coli 
mutants that cannot rejoin X-ray-induced DNA breaks exhibit 
extreme X-ray sensitivity?®. Furthermore, when '?°] is in- 
corporated into mammalian DNA, its decay induces a high 
percentage of DNA breaks that are not rejoined? +, whereas breaks - 
induced by °H or X rays are rejoined”!:??, 175I has been shown to 
be more lethalper decay than °H and more lethal per rad than X 
rays??. Also, the size of daughter DNA synthesised in cells 
irradiated with either high- or low-LET radiations does not exceed 
the size of the parental DNA in up to 12h of post-irradiation 
synthesis (our work, in preparation). This indicates that non- 
rejoining breaks in the parental DNA serve as permanent barriers 
to synthesis of daughter DNA and again suggests that non- 
rejoining DNA breaks are lethal lesions. 

The alkaline sucrose gradient technique used here deteets three 
classes of DNA damage as breaks: single-strand breaks, double- 
strand byeaks, and alkali-labile lesions. Thus, it is not possible to 
determine the exact nature of the non-rejoining breaks detected in 
this study. But, a peaked response with LET for the induction of 


ean 





Relative no, non-rejoined breaks 


1,000 


LET (keV am~“ +) 


Fig.2 @, Relative efficiencies for non-rejoining break induction at 

various LETs: values obtained by combining results in Fig. la and b 

and normalising to the value obtained for X rays. [J, Relative 

efficiencies for single-hit cell killing: these values were derived from 
data of Todd!® +° for T-1 human kidney cells. 


any test effect, such as we found for non-rejoining breaks, implies 
that two or more radiation-target interactions are required to 
induce the effect?*. This type of induction kinetics is consistent 
with the induction of DNA double-strand breaks. There is also 
direct evidence that high-LET radiations induce double-strand 
breaks more efficiently in phage?" and mammalian*® DNA than 
dolow-LET radiations. In addition, there is experimental evidence 
that non-rejoining DNA breaks induced by y rays are actually 
double-strand breaks*?. Thus, it seems likely that DNA double- 
strand breaks comprise at least part of the non-rejoining breaks 
seen here in alkali after high-LET radiations. Other possibilities 
should not be excluded, however. For example, it might not be 


* > ad 
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possible for intrastrand DNA breaks within a certain critical 
distance of each other to be repaired, or a break near some other 
‘lesion, such as a protein-DNA cross-link, might be inaccessible to 
repair enzymes. As is the case with double-strand breaks, high- 
LET radiations should induce these hypothetically non-repairable 
double lesions more efficiently than low-LET radiations. ® 

Cell killing by ionising radiation can be characterised by two 
independent mechanisms having lethal, single-hit and sublethal, 


mylti-hit attributes. Our results offer a molecular explanation of 


the lethal, single-hit component, relating it to non-rejoining DNA 
strand breaks. The identity of other lesions responsible for the 
sublethal component remains undefined, although it has been 
postulated that these lesiens are rejoinable DNA single-strand 
breaks! ae 
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Electrical demonstration of rapid 
light-induced conformational 
changes in bacteriorhodopsin 


BACTERIORHODOPSIN (a purple pigment) is a light-driven proton 
pump?**, found in patches of the cell membrane of Halo- 
bacterium halobium**, and is chemically similar to the visual 
pigment rhodopsin of animal eyes’. In both molecules the 
chromophore retinal is linked as a protonated Schiff base to a 
lysine residue of the apoprotein opsin'**, Light induces 
bacteriorhodopsjn to move protons from the inside to the 
outside of the cell. The resulting electrochemical proton 
gradient across the membrane is finally used to synthesise 
ATP. We report here the application of a new technique for 
the direct measurement of small capacitative charge displace- 
ments in oriented molecules. Our photoelectric measurements 
using asymmetrically aligned bacteriorhodopsin demonstrate 
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that this protein undergoes revefsible conformational changes 
after absorption of light. 

Flash spectroscopy sh&ws that bacteriorhodopsin under- 
goes a cycle through at least five different spectroscopically 
defined intermediates’, About 8 mgs after bleaching the pigment 
returns to its original form. This cycling time is in good agree- 





ment with the maximal ‘proton pumping’ rate at satura ng. At 


light intensities. Measurements show that a single 
molecule can transport up to 100-200 protons per sec 
* It is conceivable that the excited bacteriorhodopsin mole 
in addition, passes through a conformational transition sequence 


to accomplish the vectorial proton transport®. Such conform- : 


ational changes are expected to generate charge displacements. 
within the protein. To measure this effect electrically, two basic — 
requirements have to be fulfilled. First, the molecules must be 


oriented in parallel but asymmetrically and second, they must be - E 


synchronisable, that is, they have to start with the change at a 
common zero time. 
The most favourable system for fulfilling these conditions is 
found in photoreceptor cells of animals. Here, rhodopsin 
molecules are strongly oriented in lamellar cell strwctures, and 
synchronisation is achieved by means of short flashes. Fast 
capacitativ® photopotentials from a wide variety of photo- 
receptor cells have been measured, and have come to be known 
as ‘early receptor potentials’ (ERPs) (ref. 10). The signals are 
generally attributed to conformational changes within the 
rhodopsin molecule as it passes through its bleaching sequence". 
We have succeeded in developing a model system in which 
rhodopsin from bovine retinal rod outer segments is reoriented 
on to one side of a thin Tefton film separating two aqueous 
phases?*. Flashes to the layer evoke fast photovoltages and 
photocurrents (depending on the measuring device). Since the 
layer, having virtually infinite resistance when arranged between 
two aqueous phases, can be considered as a capacitor, the 
observed photoelectric response is due to pure capacitative 
charge displacements. Such model layers offer, for instance, 
the advantage of allowing the measurement of true transition 
time courses unaffected by cell membrane time constants. We 
have now applied this approach to bacteriorhodopsin layers. 
Surface-active material from the aqueous suspension of purple 
membrane fragments was obtained by agitation until foam 
formed. About 100 ul of the foam was transferred to one side 
of a two-compartment Teflon cell containing a 4 M NaCl 
subphase. Thereafter it was overlaid with hexane. The surface 
film in the water—hexane interface was apposed to a vertically 
mounted Teflon septum (6 um thick) by slowly increasing the 
water level. The chamber on the other side of the septum 
contained only electrolyte. Thus, the model system consists of 
the spatial sequence: electrolyte—-bactertorhodopsin-Teflon— 
electrolyte. The Teflon septum betwean the two half-cells acts 
as an electrical insulator and couples the compartments only 
capacitatively. The two identical electrolyte solutions were 


connected by silver-silver chloride electrodes to a high | ee 


resistance input electrometer (10'Q); 20 pF) (ref. 12). 

The voltage responses of this layer when illuminated with 
bright white flashes are illustrated in Fig. 1. The individual 
oscilloscope pictures originate from sequential flashes to. the 
same layer. Th&y differ in the time axis to delineate the full time 
course Of the signal. 

Analysing the photopotential time course for ponnn 
leads to, at least, three clearl} distinguishable transitions: the 
signal increases with a fast time constant t,~ | ms and a slower 
one, t,~15 ms. The main decay back to the initial potential 
occurs with ta~ 1 s. Correlating these time constants to those 
of the spectral intermediates is not feasible at the present time 
and with the present technique. In spite of this, the close 
agreement of t, with the 412 nm---570 nm transition 
(t~12 ms) is striking. Also, millisecond spectral transitions 
have been observed which could coincide with t, (ref. 9). 

Since bacteriorhodopsin undergoes a cyckc photoreaction, 
the photovoltage would be expected to be reversible; and 
indeed it is. The bleaching cycle in the purple membrane is 
































-ompleted in approximately" 10 ms, whereas in the- model 


= layer about a second is required. This discrepancy of two 


orders of magnitude is tentatively ‘attributed to the different 
arrangement of the protein in the two systems: in situ, a lipid 
bilayer matrix, two sides of the protein contact aqueous media’; 
whereas in vitro, the protein is in contact with water only on 
one side—the more hydrophilic one. If a water-soluble reactant 
(presumably protons) is required for regeneration at the side 
where the bacteriorhodopsin molecule touches the Teflon 
surface, then the hindered accessibility would account for thee 
inhibition of regeneration. 


ad 


| ms 
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5 
2mV 
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Fig. 1 Examples of the photovoltage of a bacteriorhodopsin layer, 
6mm in diameter, in response to white light flashes. Purple 
membrane fragments, prepared according to Oesterhelt and 
Stoeckenius*, were suspended in 3.0 ml basal salt sodium 
4.35 M NaCl, 0.275 M KCI, 0.08 M MgSO,, 9mM_ Nacitrate, 
pH 7.0) at a protein concentration of 0.5 mg mi~. The aqueous 
subphase contained 4M NaCl and 10mM imidazole adjusted 
to pH 7.1 with HCl. The experiments were carried out at room 
temperature (22 + | °C). Each oscilloscope trace includes the time 
course of the flash at the bottom. Subsequent flashes were 
separated by more:than | min. The following amplifier time 
constants were chosen: a, | Hz-l0kHz; 6, 0.1 Hz~3 kHz; 
c, d.c.—t kHz; d, d.c.-0.1 kHz. 


The polarity of the voltage is negative on that side where the 
layer is formed. This is the expected polarity for protons 
moving from the aqueous phase to the bacteriorhodopsin layer. 
If this were so, then a strong increase in photovoltage amplitude 
should result from reducing the ionic strength. Furthermore, 
the time constants recorded above should depend on proton 
concentration. Changiag the electrolyte (while the layer 
remains apposed to the Teflon), from 4 M NaCl to 4 mM NaCl 
and then back to 4 M NaCl, however, did not alter the photo- 
voltage amplitude nor the time constants T4, Ta, Ta, at any stage 


o of the manipulations. Apart from stressing the stability of the 


_ bacteriorhodopsin layer this experiment rules out an origin of 
the photovoltage from a diffused ion double layer at the 


a : aqueous interface. More likely, the effect is based on charge or 
dipole reorientations 


A in the bacteriorhodopsin molecule 
itself. 


» Changes of pH in the subphase at consent ionic strength did 





a g “not. ‘significantly affect the timé constants, t} or t, (range, 
- pH 4-9). Qne effect of increased proton concentration is a 


faster decay of the photovoltage transient to zero. For instance, 
at pH 7, ts = 2s and at pH 4, ta = 0.5 s. This gives further 


es - Support to the above mentioned explanation for the slow e 


regeneration rate: the increased proton concentration at lower 


=: pH compensates for the hydrophobic location of the hypo- 


_ thetical regeneration site. 

At low pH the photovoltage amplitude increases slightly. A 
layer, which displays at pH 9 a maximal amplitude of 3 mV 
displays at pH 4 about 7 mV. At pH 3 the shape of the photo- 
voltage response changes dramatically; the negative phase is 
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Fig. 2 Peak photocurrent as a fiinction of the flash intensity. The 

increase in amplifier current time constant was limited to 1 ms. 

Neutral density filters were used to reduce the flash intensity. 
e Data were obtained from one layer. 


reduced in its amplitude and a very fast positive transient of 
3 mV appears. The whole signal has a duration of 200 ms. 
These experiments indicate a proton contribution to the 
generating mechanism; since this is already localised in the 
protein (independent of ionic strength), the photovoltage or a 
part of it may directly reflect a proton movement in thé protein 
molecule. 


Since the bleaching of bacteriorhodopsin is reversible, it is 
possible to apply many flashes to the same layer, retrieving 
reproducible responses: one layer can be exposed a hundred 
times to a saturating flash without significant alteration’ of the 
photovoltage. 
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Fig. 3 Action spectrum of a bacteriorhodopsin layer. Solid line 

represents absorption spectrum of aqueous suspensions of 

bacteriorhodopsin. Each data point..derives from the peak 

photocurrent at the given wavelength, normalised to the number 

of photons within the flash. Horizontal bars indicate the inter- 

ference filter bandwidth at 50% transmission, and vertical bars 
represent the estimated experimental error, 
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The photoelectric: effect can also be detected asea photo- 
current if the electrodes are connected to an ammeter. In this 
case a photocurrent transient, which is exactly the first time 
derivative of the photovoltage, is measured. Therefore, the 
peak in the current transient reflects the steepest slope of the 
voltage. Since reducing the flash light intensity decreaŝes the 
photovoltage amplitude, without affecting the shape, a 
dependence on light intensity could also be measured as the 
peak photocurrent amplitude. This method provides a better 
signal-to-noise ratio and is therefore used in’ the experiment 
illustrated in Fig. 2. For dim flashes the peak photocurrent is 
directly proportional to the light intensity. Brighter flashes 
lead to sublinear responses, indicating a saturation behaviour. 

To further establish that the photoresponses result from 
bacteriorhodopsin. bleaching, an action spectrum was 
obtained (Fig. 3), using the ‘current’ mode described above. 
The individual peak photocurrents lie without exception within 
the linear portion of the curve shown in Fig. 2. The absorption 
spectrum of the bacteriorhodopsin suspension used in the 
experiments (solic line) is fitted with its amplitude to the date 
points. The good agreement of both identifies bacteriorhodopsin 
as the molecular species responsible for the photoelectric 
effects. 

We thank Dr N. Nelson (Department of Biology, Technion, 
Haifa, Israel) for bacteriorhodgpsin. This work was supported 
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Catalytic effect of 
nitrosophenols on N-nitrosamine formation 


THE effect of phenolic compounds on the rate of nitrosation of 
secondary amines is not a simple one. Tannins inhibit nitrosamine 
formation’, but in suitable conditions gallic acid catalyses the 
nitrosation of diethylamine, the rate being dependent on pH and 
gallic acid concentration’. Some phenolic constituents of smoked 
foods? inhibit nitrosation of morpholine at pH 3.0. Phenolic 
compounds react with nitrite at a much faster rate than do 


+ 


0.50, 0.75 and 1.0 mM concentration using the method of initi 


secondary amines*, but chlorogenic acid and 4-methylcatechol 
catalyse” the nitrosation of piperidine at gastric pH. We report 
here that nitrosophenols cam catalyse N-nitrosamine formation. 
Nitrosophenols are formed by the nitrosation of phenols and 
their presence in cured smoked meats has beendemonstrated®. The _ 


reaction we studied was that of 0.15 M sodium nitrite with0.15 M 
pyrrolidine in citrate buffer, pH 5.0, at 37 °C. Perchloric acid was 


used to bring the pyrrolidine solution to pH 5.0 before mixing. The . 
effect of p-nitroso-o-cresol on this reaction was studied at-0.25, 


rates. Aliquots were taken from the reaction mixtures at 5-1 


ammonium sulphamatein 2 N H SO, toremove unreacted nitrite, 
and the nitrosopyrrolidine (NPy) was extracted into dichloro- 
methane and determined by gas-liquid chromatography. Each — 
reaction was repeated in triplicate. For each reaction a plot of NPy .- 
concentration against time gave a straight line, the slope of which 
gave the rate of formation of NPy. Figure:l showsa plotof the rate 
of NPy formation against nitrosocresol concentration. Figure 2 
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Fig.1 Dependence of the rate of formation of N-nitrosopyrrolidine . 
on the concentration of p-nitgoso-o-cresol. 


shows. a plot of the logs of these two properties. That the points in 
Figs l and 2 do not fallexactly on straight lines may bedue partially 





to the poor solubility of p-nitroso-o-cresol in the citrate buffer og 
solution used. The slope of the line in Fig. 2 calculated by the — . 


method of leas? mean squares is 0.81, and this represents the order 
of the reaction with respect to p-nitroso-o-cresol. The two other 
nitrosophenols we have tested, p-nitrosothymol and /-nitroso-2- 
naphthol, also catalysed NPy‘formation at pH 5.0. No reaction 
takes place between p-nitroso-o-cresol and pyrrolidine at pH 5.0 in 
the absence of nitrite. The formation of NP¥ therefore does not | 
occur simply by a trans-nitrosation process from nitrosocresol to 
pyrrolidine. We found that N-nitrosation does not occur in the ~ 
organic phase during work-up by reduced nitrite species. Such 
nitrosamine formation requires the presence in the organic phase 
of nitrosating species and pyrrolidine. The acidic quenching 
procedure employed in these experiments, besides removing 
unreacted nitrite, will protonate unreacted amine. The protonated 
amine should remain in the aqueous layer during dichloromethane 
extraction. Tocheck that this was so we prepared a0.15 M solution 






intervals for 20 min. Each aliquot was quenched witha solutionof. 
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of pyrrolidine in pH 5.0 buffer, and put an aliquot through our 
quenching and extraction procedure. The organic extract was 
analysed for pyrrolidine in free antl protonated forms. Free 
pyrrolidine was not detected, subject to a detection limit of 
0.5 ug ml'. The level of total pyrrolidine ( free plus protonated) 
detected in the extract was > 1.0 ug mi. The amount of NPy 
that could be formed from this is insignificant compared to thee 
levels being detected in the reactions. In a reaction mixture 
containing sodium nitrite (0.15 M), pyrrolidine (0.15 M) and p- 
cresol (0.075 M) in citrate buffer at pH 5.0 the concentration of « 
NPy formed after | h was two and half times greater than that 
formed in a control reaction from which p-cresol was absent. It 
therefore seems that at suitable concentrations the presence of 
phenols can lead to an enhancement of the rate of nitrosamine 
formation. 


Jog; (rate of NPy formation) 
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logo (p-nitroso-o-cresol concentration) 


Fig.2 Logarithms of the rates of formation of N-nitrosopyrrolidine 
plotted against the logarithms of the concentrations of ¢hitroso-0- 
cresol. 


Other kinetic data* suggest that in a system containing nitrite, a 
phenol and a secondary amine, the phenol should be nitrosated ata 
faster rate than the secondary amine. The initial product of phenol 
nitrosation is the nitrosophenol, a relatively unstable species, 
which can be oxidised by atmospheric oxygen to the stable 
nitrophenol. In this system there are therefore two opposing effects 
on the rate of nitrosamine formation. The rate will be retarded by 
the phenol, but catalysed by the unstable nitrosophenol formed 

< during the reaction by nitrosation of the phenol. The overall effect 

-= is likely to depend upon whether the steady-state concentration of 
nitrosophenol (as determined by the relative rates of its formation 

-» anditsde&truction by oxidation to nitrophenol) ts sufficiently large 

oo to overcome the inhibitory effect of the phenol. In’turn this will 
depend upon the relative degrees of retardation and catalysis of 
nitrosamine formation exerted by. the phenol and the nitroso- 
phenol respectively. 

These observations elucidate the basis for some of the conflict- 
ing reports of the effects of phenolic compounds on the rate of 
formation of nitrosoamines, but the implications in terms of the 
formation of nttrosamines in cured meats and in vive are not clear. e 
The effects of phenols at up to 300 mg kg ~', which may be found in 
smoked meats (Knowles, M. E., unpublished) and of the 

= 42-300 mg of phenolic material excreted daily into the stomach via 
gastric juice” are likely to be much more complex. The complicat- 
ing effects of othes soluble and insoluble components and of 
“adsorption effects in heterogeneous systems are not susceptible to 
“quantitative prediction: our studies of the catalytic effect of 
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phenols which we have noted as being ‘exerted through the 
formation of nitrosophenols are being extended to examine these 
additional factors. 

We thank Mr Alan Young and Mr Colin Crews for technical 
assistance. 
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Erratum 


In the article ‘Stem anatomy and sheathing mycorrhizas in 
the Betula verrucosa~Amanita muscaria relationship’ by 
P. A. Mason,@. Pelham and F. T. Last, Nature 265, p. 334, 
Fig. 1b was inverted and is shown in correct relation to 


Fig. la below. 
a 















Nature Vol. 266 2] Í pril 4977 





Carter’s nuclear moves 


THis week, President Carter is set to unveil his much 
heralded and extensively leaked energy policy. He has been 
warning for weeks that its emphasis on conservation and its 
moves to increase energy prices will be politically unpopular, 
a fact vividly confirmed last weekend when, ewen before the 
policy was officially released, it came under attack in three 
separate television interviews given by Senator William 
Proxmire, the consumer advocate Ralph Nader and the 
Republican National Committee Chairman William Brock 
—people whose political philosophies span a wide spectrum. 

Clearly, it will be a severe test of the fledgling Admin- 
istration’s political skills to push the energy proposals 
througR a Congress which is all too aware that soaring 
energy prices may swiftly translate into plunging electoral 
votes. Nevertheless, Carter has suggested that he is willing 
ta try, even at the expense of a few percentage points in 
his popularity rating. 

While Carter’s domestic energy proposals are running 
into heavy fire at home, his efforts to curb nuclear pro- 
liferation have been attracting equally fierce and often self- 
interested attacks abroad. The non-proliferation proposals, 

« announced in advance of the other’ energy proposals, have 
been criticised unofficially by some West European govern- 
ments who grumble that the United States may be trying 
to keep them out of a lucrative business in which they have 

a’ technological lead. And it has been attacked in some 

developing nations as an attempt by the United States to 
maintain the gap between rich and poor. 

First, it is important to understand just what Carter did 
and did not say. There was nothing very surprising in his 
announcement, for Carter had signalled his punch months 
ago during campaign speeches and in seme previous Pre- 
sidential pronouncements. It was not a comprehensive, 
detailed discussion of major proposals. Instead, Carter 
simply stated several policy options which his Administra- 
tion intends to pursue. They are: | 
@ The United States will defer indefinitely the commercial 
reprocessing of fuel from power reactors and the recycling 
of plutonium. This means that no federal aid will be sup- 
plied to start up a reprocessing plant built by private 
industry in South Carolina, and that plant may well be 
mothballed before it even starts operating. 
®© The liquid metal fast breeder programme, which has 
previously enjoyed pride of place as the highest. priority 
energy research and development programme in the United 
States, will be scaled down and restructured to give more 
emphasis to research and less to development of demon- 
¿stration reactors. The programme will not be scrapped, 
however. 





+ * ate 
© More funds will be put into research on alternative 
nuclear fuel cycles, such as the thorium cycle, which may 
pose less risk of proliferation. OE: 
@ The United States will increase its production capacity 
for enriched uranium in order to provide assurances to` 
countries which agree not to develop nuclear weapons ofo: 
adequate fuel supplies well into the future, the objective « 
being to try to dissuade other nations from building their a 
own enrichment and reprocessing plants to ensure their 
fuel supplies. 
© The United States will continue to embargo export ‘Ofc 
equipment or technology that would permit enrichment or — e 
reprocessing by non-nuclear weapons states. AAEE 
® Discussions with both nuclear exporters and importers 
will continue, and the United States is willing to explore ee 
various arrangements aimed at developing international _ 
fuel cycle facilities and access to spent fuel storage facilities. 
for countries sharing non-proliferation objectives. Seer 

The only new policies announced are the renunciation of 
domestic reprocessing by the United States and the sharp: 
reduction in efforts on the breeder reactor programme, 
both of which are important precursors to international 
non-proliferation talks. The proposal to defer domestic 
reprocessing was strongly urged recently by a committee: i 
established by the Ford Foundation, whose report seems to 
have provided the basis of Carter’s policy. The reasoning, 
which is persuasive, is that if the. United States pursues. __ 
domestic reprocessing while trying to dissuade others from 
doing so, it would be accused of setting a double standard __ 
and its credibility would be destroyed. Moreover, since the 
United States has relatively large coal and- uranium 
resources, the incentive to reprocess is small, at best. 

Carter quickly acknowledged that other industrial ec 
tries might see their own domestic programmes in a“ 
light, since their future energy supplies might not be so 
stable as those of the United States. Nevertheless, the onus 
is now on those countries which intend to reprocess ‘to. 
discuss publicly the reasons which compel them to push 
ahead at the possible expense of some lessening of control = 
over proliferation. . ° a 

The next opportunity to discuss these matters in an 
international forum will be at the secret talks between 
nuclear suppliers which are due to resume in London in 
the next few weeks. Carter’s statement, released a mont 
before the talks are scheduled to resume, has set the. ag 
for the talks and it has provided plenty of opportunity fo 
a more thoughtful response by. European governments tl 
the mostly self-serving reactions which have been voiced ~ 
unofficially so far. m 



















Geos 


Europe’s satellite-for science 


Geos, the ESA’s purely scientific satellite, is launched 
this week. Stuart Sharrock, now in Florida, reports 


HE EARTH lies inside a leaky 

magnetic bottle which is formed 
by magnetic field lines linked to the 
earth. Called the magnetosphere, it 
stops the blast of particles from the 
sun penetrating to the ground and 
prevents the escape of ionised 
particles from the upper atmosphere. 
Occasionally leaks occur, producing 
aurora and terrestrial magnetic storms 
that play havoc with radio communica- 
tion and electrical power distribution. 
But more significant is the role the 
magnetosphere plays in controlling the 
earth’s climate. Solar~climate cor- 
relations are well established and 
although it is clear that the magneto- 
sphere mediates between the solar wind 
and the atmosphere, the exact nfechan- 
isms by which it does so are not under- 
stood in spite of the several hundred 
satellite missions already flown. 

Study of the magnetosphere is clearly 
important, for it should lead to an 
understanding of the environment 
which will bring economic benefits; but 
there are other reasons for investigating 
its properties. Ninety nine per cent. of 
all matter in the universe is in a plasma 
state interacting with a magnetic field 
and the process by which magnetic 
field energy is transferred to ionised 
particles is of fundamental significance. 
This process occurs in the magneto- 
sphere, which is therefore a unique 
laboratory—a private universe in our 
own backyard—in which we can study 
small-scale versions of the fundamental 
mechanisms that govern the behaviour 
of matter in the universe. Potential 
prizes from probing the magnetosphere 
range from more accurate weather 
predictions to a better knowledge of 
the nature of pulsars; from an under- 
standing of aurora to improved pros- 
pects for controlled nuclear fusion. The 
basic structure and processes of the 
magnetosphere have now been identi- 
fied and an attack has been launched 
on the detailed mechanisms and the 
dynamics of the ‘system as a whole. 
It is known as the International 
Magnetospheric Study (IMS) and will 
run from 1976-79. 

Two major satellite missions are at 
the heart of the IMS: the world’s first 
purely scientific geostationary satellite, 
ESA’s Geos, and a combined NASA/ 
ESA venture comprising three satellites 
code-named ISEE (International Sun 


Earth Explorer). Geos is scheduled to 
be launched on 20 April and ISEE on 
14 October; as the centrepiece of the 
IMS, Geos has been designated the 
reference spacecraft for the study and 
will coordinate with ground-based, 
balloon, aircraft and rocket pro- 
grammes. 


The magnetosphere š 

A solar wind of protons and electrons 
blows Continuously through the solar 
system at some 400 kms” and, accord- 
ing to Alfven’s ‘frozen-in’ theorem, 
drags with it the Sun’s magnetic field. 
The earth’s dipolar magnetic field and 
the ionospheric plasma are similarly 
frozen together. These two magnetic 
fields cannot mix and so the earth’s 
field lies in a closed cavity in the 
plasma stream from the Sun and 
presents a tiny obstacle to the blast of 
the solar wind. This magnetic bubble is 
the magnetosphere; it is deformed from 
a dipolar configuration by the solar 
wind and the size of the magneto- 
spheric cavity changes in response to 
the strength of the wind. At typically 
10 earth radii the hot plasma from the 
Sun is deflected and streams around the 
earth’s protecting magnetic bottle; 
under certain conditions however the 
bottle becomes open to the solar wind 
with drastic consequences. Within 
the magnetosphere there are numerous 
plasma regions which respond to 
changes in the solar wind and which 
interact with the ionosphere and the 
atmosphere. 

Observations with a single satellite 
can never distinguish unambiguously 
between spatial and temporal varia- 
tions: two satellites orbiting together 
with a known separation are needed 
and this is one of the aims of the ISEE 
mission. Geos will sample the different 
regions of the magnetosphere, measure 
minute variations in all the particle 
and wave parameters without inter- 
ference from the satellite itself, 
monitor conditions continuously over 
many months, and yet be capable of 
responding to chapging situations in 
minutes, and explore the coupling 
between the magnetosphere and the 
ionosphere by enabling correlated 
satellite and ground-based measure- 
ments. These requirements specify a 
satellite with an orbit, construction 
and performance an order of magni- 
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tude more complex and sophisticated 
than any previous ESA satellite and 
with a control and ground support 
system more ambitious than has so 
far been attempted by NASA with un- 
manned missions. 


The Geos satellite 

Built by a consortium of European 
industrial contfactors headede by the 
British Aircraft Corporation, Bristol, 
England, Geos will be placed into a 
geostationary orbit 36,000km above 
the equatdr. The orbit covers a region 
of the magnetosphere where many of 
the dynamic processes responsible for 
magnetic and ionospheric disturbances 
are believed to develop; the satellite 
will be positioned at longitudes where 
the magnetic field lines are conjugated 
to both auroral zones (that is, particles 
passing along the field lines through 
the satellite will arrive at the aurora), 
allowing correlated measurements to 
be made from ground stations and 
rocket-borne instruments. 

As the spatial variations seen by 
Geos will be small, the time and space 
ambiguities will be minimal and 
short-lived transient phenomena can be 
studied. Sampling of different regions 
of the magnetosphere will be automatic 
as Geos alternates between the day- 
side and the night-side, but the bound- 
aries of the different magnetospheric 
regions afe not fixed in space and will 
at times move across the geostationary 
orbit under the influence of the 
solar wind; phenomena associated with 
such boundary crossings are of parti- 
cular interest. 

Once in orbit, Geos will be per- 
manently in view of a purpose-built 
tracking and data recovery ground 
station near Darmstadt in West Ger- 
many (also to be used for Meteosat). 
The continuous link between the satel- 
lite and the ground allows for high 
data rates, which are essential for some 
experiments, and means that real time 
modification of experiments becomes 
nossible. The capability of closed loop 
control of instrument modes is crucial 
and was laid down as a ground rule for 
the mission in the early planning stages. 

The problem with many satellite 
experiments is that effects caused by 
the spacecraft itself can often mask or 
destroy the phenomena of interest. 
Spacecraft charging is well known— 
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potentials of up to, IOkV have been 
reported from the ATS satellites during 
eclipses—and can have disastrous 
effects on experiments to measure low 
energy particle fluxes. To minimise this 
problem the whole of the outer skin of 
Geos has been made conducting, thus 
ensuring that the surface is an equipo- 
teptial. There is a complex system 
of eight booms which deploy in orbit 
to take the sensitive detectors up to 
20m away from the disturbing 
influence of the satellit® body: this is 
the most complex boom system 
attempted for any European satellite, 
The, experiments mounted on Geos 
involve extremely sensitive measure- 
ments (for example the detgction of 
magnetic variations of a thousand 
millionth of the Strength of the earth’s 
magnetio field) and this has meant an 
extensive programme to minimise 
electromagnetic interference caused by 
equipment on the spacecraft. 


The experiments : 
The achievement of providing a mag- 
netospheric laboratory free from inter- 
ference, accessible in teal time and 
controllable from’ the ground is 
matched by the scope:of the experi- 
ments comprising the’ payload. To 
understand the magnetosphere’s struc- 
ture and the wave—particle interactions 
that o€cur, it is essential to make sen- 
sitive measurements of all relevant 
parameters simultaneously. For the 
first time this is being done and data 
on every quantity of interest are being 
collected: four experiments will 
measure particle fluxes and their varja- 
tion with energy and direction, covering 
a range from thermal energies to 
hundreds of keV, and three experi- 
ments will measure electromagnetic 
waves over a frequency range 0-77 kHz 
for electric fields and 0-20kHz for 
magnetic fields, DC electric and mag- 
netic fields will be monitored with ex- 
treme sensitivity. The most important 
measurements will be duplicated by 
independent experiments. 

A mission this complex cannot 


hope to satisfy all the requirements of- 


a number of coordinated campaigns: 
many of the needs are mutually ex- 
clusive and inevitably compromises 
must be made. The coordination of 
activities is crucial to the success of the 
mission and has been an important 
factor in its planning. Areas in which 
the standard configuration is not ideal 
can hopefully be covered by special 
arrangements; the project has the in- 
herent flexibility to allow this. 

As an exanfple, a polar expedition 
to a ground station in the Arctic could 
be unhappy about the orientation of 
Geos. The expedition will want to 
correlate its measurements with particle 
fluxes coming from the south at the 


ESA 


position*of Geos but this is only pos- 
sible during the northern winter. The 
directional coverage for particles is 
not isotropic and the orientation Qf 
Geos is governed by the requirement 
that the radial booms do not shadow 
the solar cells. Inversion of the satellite 
-A delicate operation—would have to 
be arranged but it would interfere with 
the wave experiments and expeditions 
to the Antarctic would not be too 
happy. Other ground stations would 
no doubt have conflicting requirements, 
Rocket campaigns, for example, are 
costly and can only be conducted at 
certain times, and these are sure to be 
the times when interesting transient 
effects are manifesting themselves and 
necessitating an immediate change in 
plan. In any case there is only a limited 
supply. of fuel so manoeuvres are 
rationed. The coordinating copmiftee 
will have a tough time but the number 
of demands made on the mission is a 
measure of its flexibility and import- 
ance; the number of satisfied customers 
is Wkely to be very high. Crucial to 
this flexibility is the provision of ex- 


tensive computing facilities at the 
ground station where the data are 
collected. 


Coping with data 

Most of the time nothing exciting 
will happen (the magnetosphere can 
remain stable for long periods) and it is 
unwise te accumulate vast quantities of 
data throughout the mission. Filling a 
magnetic tape every 45 minutes, Geos 
would generate 26,000 tapes over a two 
year period of which only about 10% 
would be worth keeping. The soljition 
is to recycle the magnetic tapes every 
three months: there is an extensive 
data distribution system (it includes 
daily summaries of all Geos data) to 
enable a communal decision on which 
data are to be retained. Not only does 
Geos have the ability to respond 
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An artist's impression of Geos in the magnetosphere 
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quickly to changes in the magneto- 
spheric system, it also imposes a 
reqfirement on the experimenters to 
respond to their data within a reason-~ 


able time period—a valuable constraint. : 





that could be more widely adopted. = 


Originally planned for August 1976; 
the launch of Geos has been delayed e 
until April 1977 mainly because of late _ 
delivery of components. The satellite — 


will be launched by a NASA Delta 


launch vehicle from the Kennedy Space 


Center in Florida. The original flight 


plan has been continually modified to 


take account of the magnetic con- 
jugacies between a given longitudinal 
position of the satellite and the posi- 
tions of available ground stations and 
rocket campaigns. The current plan is 
fo station it initially at a longitude of 
0°, where a double magnetfe conjugacy 
exists between Iceland in the northern 


hemisphere and the Syowa base in the 


southern hemisphere. In about August 
this year Geos will be drifted eastwards 
fo arrive at about 35° E by October 
1977; this is a position ideally suited for 
correlated measurements with the ex- 
tensive array of ground-based stations 
and rocket ranges in Northern Scan- 
dinavia. In mid-1978 the satellite could 
be thrust back to the 0° . position 
again, further movements being a 
function of the status of polar expedi- 
tions, rocket campaigns, 


the consensus of opinion and the 
tempers of the Coordinating Com- 
mittee. 

After lift-off it will take about a 


e 


ground 
stations, the amount of fuel remaining, 


month to get Geos into its correct: 


orbit with the extensive boom system 
correctly deployed, another month to 
check out the experimental payload: by 
then hopefully it will be fully opera- 
tional and the IMS can start in 
earnest. The taxpayers of Europe have 
made a wise investment in Geos---if 
NASA gets it yp there. Ll 
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A partial triu 
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Vera Rich assesses the Moscow Seminar, 
which celebrates its fifth anniversary this month ; 


HE illicit Moscow ‘Sunday Seminar’ 

for refusnik scientists was founded 
five years ago this month. In a remark- 
able development after such a lengthy 
period of harassment of its organisers 
and participants, the Soviet authorities 
have now informed Professor Mark 
Azbel, the current leader of the semi- 
nar, that he may hold a special anni- 
-yersary meeting this week provided it 
is confined to matters of strictly 
scientific mterest. 

The first Sunday seminar for refusnik 
scientists—tRMat is, Jewish scientists 
dismissed from their posts and 
deprived of all official means Of pur- 
suing their careers—-took place in 
Moscow on 12 April 1972. The date is 
significant— 1972 was the year of the 
‘education tax’, by which any Jew 
wishing to emigrate to Israel was 

eobliged to repay to the government the 
‘cost’? of any higher education he may 
have received. And since such edu- 
cation is provided gratis by the 


» State, the authorities could clearly fix its 


notional cost at any value they chose. 

Scientists wishing to emigrate 
became liable to long waiting periods 
between applying for a visa and 
receiving permission to emigrate. They 
therefore began to form one of the 
most significant social groups within 
the growing class of oftkazniki (the 
word which later became transformed 
in English to ‘refusnik’)—-those not 
permitted to leave the country, yet 
deprived of their professional means 
of livelihood within it. 


Moscow meeting 

Against this backgroynd, a modest 
group of 17 scientists met in the 
Moscow flat of Dr Henrikh Sokolnik 
in April 1972. The venue was chosen 
because Dr Sokolnik is a chair-bound 
cripple. Their aim was to read papers 
of mutual interest and thus to keep up 
the interplay of ideas without which 
scientists cannot function profession- 
ally. Throughout 1972 the group 
functioned quietly without attracting 
the attention either of the* Soviet 
authorities or of Western sympathisers. 
Even the weekly “Bulletin Jews in the 
USSR, founded that year to publicise 
the plight of refusniks and Jewish 
prisoners of conscience, made no 
mention of the seminar, although it 
carried numerous appeals from scient- 
ists to their colleagues abroad, and 
news items about scientists suffering 
particular hardship (notably Dr 
Evgenii Levich, who in that year was 


+ 
sent to a Siberian labour camp). 

It was not until 1973 that the first 
information about ethe seminar began 
to reach the outside world. In that 
summer, when an International Con- 
ference on Magnetism was meeting in 
Moscow, several Western scientists, 
learning of the exclusion of the 
refusniks from the conference, made 
their way to the flat of Professor 
Aleksandr Voronel, where the seminar 
was then meeting, and took part in a 
lively and informative discussion. From 
this contact the idea arose of holding 
an International Session of the seminar 
the following summer. 

The International Session was widely 
announced. In addition to Professor 
Voronel, two organising secretaries, 
Dr Norman Chigier of the Univergity 
of Sheffield and Dr Edward Stern of 
the University of Washington, Seattle, 
were appointed. Papers were invited 
on an international basis, and more 
than 50 leading scientists, including 
seven Nobel prize-winners, lent their 
names, either as patrons or as would-be 
contributors. The preparations caused 
considerable disquiet to the Soviet 
authorities which, in the stress of the 
situation, made what can be seen in 
retrospect as a tactical mistake. 

Had the seminar been permitted to 
take place, then coming as it did at the 
height of the scientific conference 
season (July) and virtually coinciding 
with President Nixon’s visit to 
Washington, it might have merited at 
best a paragraph in the foreign press 
as a promising sign of a new ‘thaw’. 
Instead, prospective Western visitors 
were denied entry visas, the proposed 
venue was put under KGB super- 
vision, the Moscow organisers were 
arrested and taken to detention 
centres outside the city, and other 
would-be participants were kept under 
virtual house arrest. The ‘Seminar-that- 
never-was’ accordingly went into 
histery as a major example of State 
interference in academic freedom, and 
the ‘Voronel Sunday Seminar’ became 
an important (if unofficial) item on the 
schedule of scientists visiting Moscow 
in the course of their professional 
duties. It is estimated that, to date, 
some 150-200 foreign visitors have 
attended the Seminar. 


Remarkable survival 

The survival of the seminar over five 
years is, under Soviet conditions, 
remarkable. Of all those who took 
part in the first meeting only one is 
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still in Moscow:. Corresponding- 
Academician Veniamin Levich. The 
others, one by one, and largely due to 
pressure from their Western colleagues, 
have received their permission to 
leave. Professor Voronel himself 
received an exit visa some six months 
after the non-occurrence of the Inter- 
national Session, and his role as 
leader has been inherited by Dr Mark 
Azbel, with, in recent months, Dr 
Anatolii Shcharanskii acting as press 
attaché and centact with the inter- 
national scientific community. 

As the more ‘senior’ members of the 
group leave, there are always new 
refusniks to fill their places, and there 
seems little likelihood that the need for 
a seminar will disappear within the 
foreseeable future. Indeed, the semi- 
nar movement” has proliferajed: by 
last summer some ten additional semi- 
nars had been established dealing with 
specialised topics, including theoretical 
physics, * computer science, radio- 
electronics, and biology; and one 
seminar, in Kiev, after being officially 
‘closed’ by the KGB, began meeting 
in a public park. Organisers and parti- 
cipants from all groups have experi- 
enced constant harassment including 


police interrogation, confiscation of 
books and papers, and short-term 
arrests. 


One reason for the Moscow Seminar’s 
survival is undoubtedly the interest 
shown by many scientists abroad. For 
them, the existence of a clear-cut 
ethical issue is involved: the UN 
Declaration on Human Rights states 
unequivocally that everyone has the 
right to leave any country, including 
his own. But in practice a number of 
caveats arise as far as scientists are 
concerned which makes the right 
difficult to exercise. Access to classified 
information is one objection; another, 
which in the case of the Soviet Unioh 
gave rise to the notorious ‘education 
tax’, is the brain drain with all its 
attendant questions of how far a 
student, in accepting a place for higher 
education, may be deemed to have 
implicitly entered into a contractual 
obligation to work in the country 
which has financed him. 

Scientists remain shocked, however, 
at the idea of their colleagues being 
prevented from functioning as 
scientists. The holding of seminars and 
discussions, access to new publications 
and correspondence and meetings with 
foreign colleagues, all constitute a 
major part of the scientist’s basic 
activity. Even if the Soviet authorities 
see fit to dismiss from their professional 
posts scientists so ‘disloyal’ as to wish 
to emigrate, and to restrain that emi- 
gration in the interests of the State, it 
seems illogical then to prevent them 
exercising, even unofficially, that pro- 
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fession which makes them a State 
asset. The right of the refusniks to 
hold seminars must appear unequivocal, 
even to those of their foreign colleagues 
who are disinclined to enter into long 
arguments against the Soviet govern- 
ment’s pragmatic case for denying exit 
visas. 


Contribution not great 

But what, scientifically, is the value of 
these seminars? From the point of 
view of the progress of world science, 
it must be admitted that the Soviet 
contribution is not great. A handful of 
papers by refusrliks has been accepted 
by foreign journals, but it is significant 
that these are by the,more mature 
members of the group—notably 
Veniamin Fain, Mark Azbel and Viktor 
and Irina Brailovskii. The papers are, 
presumably, the working-up of ideas 
which the authors had no time to 
develop during their active careers, 
and for young scientists, whé have not 
yet developed such a back-log of topics, 
the prospect of publication abroad is 
probably somewhat bleak. 

Nevertheless, from the point of 
view of the scientists themselves, 
attendance at the seminar is something 
more than a holding operation. Soviet 
science, aimed as it is as serving the 
national economy, can be extremely 
narrow, so that one hears of first 
degrees in such topics as light metal 
engineering for the civil aviation 
industry. Moreover, theoretically 
Soviet science must serve socialism, 
and every working scientist must, 
officially at least, formally confirm his 
political commitment. 

In the Seminar all this is changed. 
Thrown out of their jobs, the refusniks 
found a new freedom in their release 
from this tacit agreement to serve 
political ends. “We stopped* mourning 
for our scientific interests, since, in 
truth, we had attained the ideal of 
scientific detachment”’, Voronel 
explains in his preface to the ‘Proceed- 
ings’ of the Seminar-that-never-was. 
At the very first meeting, Levich joked 
that “This reminds me of my youth.e 
Back in a group of Jews again, and 
once again they talk nothing but 
science”. 

Over the years, this first flush of 
euphoria has somewhat faded, but the 
broadening of the participants’ inter- 
ests has not. Asked last week to 
comment on the achievements of the 
Seminar during its five years’ existence, 
Professor Voronel remarked: 


“The main difficulty of the seminar has 
been to combine the different interests of 
its participants, but it can also be an 
advantage because they become aware of 
different fields. This may be of great value 
to contemporary science, to have such an 
interdisciplinary forum.” 


He cjted the case of Shepelev, who 
from a discussion of general principles 
of phase transitions developed a new 
approach to his own subject—the 
strength of rubber and polymers. He 
also spoke of Roginskii, originally a 
nuclear physicist, who during the course 
of the seminars became interested in 
solid state physics and, on receiving 
his visa, was able tp take up a post at 


the Hebrew University, Jerusalem, 
working in this new field. 

This broadening of intellectual 
interests is, of course, considerably 


restricted by the lack of access to pub- 
lished literature, particularly from 
abroad. One project in particular, a 
sociological study for which surveys 
and questionnaires were distributed 
under conditions of great difficulty, 
would, have had considerably greater 
intrinsic value had comparable figures, 
published during the past few ‘yeafs in 
the USA, been available for compari- 
son. Foreign scientists have been 
invaluable as a source of information 
on,the main trends of research abroad, 
as well as a profound source of 
moral support. 


How much easier? 


The fact that the authorities have 
given permission to hold the one 
meeting (although, strictly speaking, 
no such permission is required, since 
the Soviet constitution guarantees the 
right of assembly) will not necessarily 
mean that there will be no interference 
with the regular Sunday meetings. 
And, even if these can proceed with- 
out harassment, access to published 
literature will still be restricted to those 
few members who have retained their 
right of entry to academic libraries. 
and to the few hand-written copies of 
the primary journals available as 
samizdat. Experimental facilities will 
be lacking, and although the Russian 
term nauka covers the humanities and 
social sciences as well as the physical 
sciences, it seems unlikely that the 
authorities would look with favour on 
any further attempts to make socio- 
logical surveys; the data from the first 
such survey was confiscated last 
December. 

Any attempts to hold another [nter- 
national Session, as opposed to wel- 
coming visitors on an ad hoc basis, 
would doubtless still be interpreted as a 
‘foreign provocation’, as it was in 1974. 
Furthermore, Anatolii Shcharanskii, 
the Seminar ‘spokesman’, is still in 
custody, facing the possibility of 
treason charges being brought against 
him; and within the past few months 
several members of the Seminar have 
been accused in J/zvestiya of being 
agents of the CIA. Even if permission 
were now to be extended to the regular 
meetings of the Seminar, this would 








Azbel (top) and Voronel: activists 


be of little value if it were to be 
accompanied by harassment of individ- 
ual participants on grounds other than 
their membership. 

The granting of the permission is 
nonetheless of far wider significance 
than a graduging acquiescence in the 
holding of a one-off celebration. Just 
as, in the words of Professor John 
Ziman, the true value of the Seminar 
“is not the work they are doing but the 
fact that they are doing it”, so too the 
significance of this permission is not 
that the Soviet authorities will permit 
one special meeting of the Seminar to 
be held, buf the fact that they 
admit the Seminar exists at all. 
In 1974 foreign scientists wishing to 
attend the International Session were 
refused visas on the grounds that they 
had not been invited by a bona fide 
organisation. In December 1976, when 
the Seminar group was to hold a 
special symposium on Jewish life in the 
USSR, the leaders were arrested and 
their mght to hold the symposium was 
emphatically denied. Throughout the 
past five years, the authorities have 
done their best to deny the existence 
of the Seminar, and proceedings 
against its members and activitists have 
been brought on other counts, such as 
‘parasitism’ (being without visible 
means of support) or ‘slandering the 
State’. The granting of permission 
even for one meeting represents a real 
achievement, not least for science. O 
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Geophysics stakes its claim 





A draft report proposing a massive 
deep sea research programme is now 
circulating among US earth scientists. 
Colin Norman reports from Washing- 
ton 








A PROPOSAL for an ambitious deep sea 
research programme, costing some 
$400 million over the next decade, is 
being put together by a group of earth 
. Scientists and will soon be forwarded to 
the National Science Foundation (NSF) 
for further study and possible funding. 
The proposal, based largely on recom- 
mendations developed during an inter- 
national meeting held last month at 
Woods Hole, Massachusetts, would in- 
volve extensive drilling deep into the 
ocean floor in regions which have not 
yet been punctured by research probes. 

A central feature of the proposal is 
to convert the infamous G/lomar 
Explorer, the vessel used by the Central 
Intelligence Agency in 1974 tf scoop 
bits of a sunken Soviet submarine from 
the bottom of the Pacific, into a 
sophisticated drilling ship. The 
Explorer, which is now in mothballs 
near San Francisco awaiting a user, 
would be capable of drilling at depths 
and in regions which are beyond the 
reach of present drilling vessels. 

Though it is far from certain that 
the proposal will be funded, at least in 
its present form, it is sure to attract 
considerable attention as it wends its 
way through the federal bureaucracy. 
And the attention will not be confined 
to the United States, for NSF is ex- 
pected to seek international participa- 
tion in the venture if it decides to apply 
to Congress for funds. 

A draft report outlining the proposal 
is now being circulated*among a num- 
ber of earth scientists, and a copy has 
been made available to Nature. The 
proposal would involve a major expan- 
sion and re-direction of the Deep Sea 
Drilling Project (DSDP), a programme 
begun in 1968 which has resulted in the 
drilling °of more than four hundred 
holes in the ocean floor in many parts 
of the world. DSDP now runs an inter- 
national effort called IPODI—the 
International Phase of Ocean Drilling 
—which is supported by six different 
countries (the United States, which pro- 
vides the bulk of the funds, France, 
Germany, Japan, the USSR and the 
UK). It has helped to revolutionise 
thinking about the history of the earth, 
but after several extensions it is due to 
expire in September 1979. 

The new propesal is thus an attempt 
to map out a research effort to carry 


on where IPODI is expected to leave 
è *. 

off. Drafted by an international com- 
mittee headed by Manik Talwani of the 
Lamont-Doherty Geological Observa- 
tory, the proposal is the result of an 
elaborate planning effort involving 
scores of earth scientists. The commit- 
tee was established last August by the 
executive council of JOIDES (Joint 
Oceanographic Institutes for Deep 
Earth Sampling)—a collection of re- 
search institutes which are taking part 
in the DSDP—and it was given a broad 
mandate to plan a research effort 
stretching over the next decade. 

The committee’s proposals are based 
on a series of ‘white papers’ drawn up 
by groups of scientists and discussed at 
the Woods Hole meeting last month. 
Its report has been approved in prin- 
ciple by the JOIDES executive council, 
and it is now in the final stages of 
revision before being published. * 

The DSDP has already provided 
masses of information confirming and 
refining the theory of plate tectonics, 
according to which the continents were 
once joined together in larger land- 
masses which were split apart by pro- 
cesses which still push the continents 
around. Those processes, known as sea 
floor spreading, involve the continual 
generation of new oceanic cryst along 
the mid-ocean ridges where molten lava 
wells up from the mantle, solidifies and 
is pushed aside by yet newer lava. This 
constant generation of new crust 
gradually forces continents apart and 
is r&ponsible for a variety of geo- 
physical and geological phenomena, 
such as earthquakes, volcanoes, and 
large scale uplift of mineral deposits in 
many regions where oceanic and con- 
tinental crusts converge. 

Though rock samples recovered from 
many parts of the world by the DSDP 
drilling vessel, the Glomar Challenger, 
have produced solid evidence in support 
of the plate tectonic model, a number 
of intriguing questions remain (see also 
Nature, 259, 83). They include a satis- 
factory explanation of why the con- 
tinents split apart when they did, a 
better understanding of the active pro- 
cesses taking place along the oceanic- 
continental margins and an appreciation 
of the large-scale climatic and oceano- 
graphic changes which have accom- 
panied the formation and evolution of 
the oceans. Many of those questions 
could only be answered by drilling into 
the ocean floor in regions which are at 
present inaccessible to the Glomar 
Challenger. 

In particular, some of the most 
intriguing drill sites lie along the 
continental margins in regions where 


there is a risk of encountering oil and 
gas deposits, or deep in the ocean 
trenches where very long drill strings 
would be required, and at high latitudes 
where rough seas and ice present 
problems. A ship capable of coping with 
those conditions would require massive 
lifting capacity to handle the heavy 
equipment needed to prevent blowouts 
of oil and gas and to operate long drill 
strings. It would also require powerful 
engines, a thick hull and good station- 
keeping ability to work at high latitudes. 
Such a vessel wouldecost about $100 
million to build, according to NSF 
estimates, a price tag which probably 
puts it out of*reach. That, however, is 
where Glomar Explorer may come in. 

Built for the CIA By Global Marine 
Inc., the same company which owns 
and operates the Glomar Challenger, 
the Explorer has been idle since 1975 
when its mission became publicly 
known. Though it belongs officially to 
the federal government, a number of 
attempts to find a user for the vessel 
have so far drawn a blank. Last year, 
however, NSF expressed interest and 
commissioned Global Marine to study 
the feasibility of converting the ship 
into a deep sea drilling vessel. The 
study, which has recently been com- 
pleted, , concludes that it would cost 
about $52 million to convert the 
Explorer into a sophisticated drilling 
vessel, equipped with a riser to prevent 
blowouts if oil and gas are struck. The 
cost of operating such a vessel would be 
about $33,000 per day, about twice that 
of the Glomar Challenger. In *other 
words, the Explorer could provide a 
cutprice entry into the more intriguing 
drill sites, and the Talwani committee 
envisages it becoming the principal 
actor in a deep sea research programme 
in the late 1980s. 

The proposed programme woultl 
essentially involve continuing use of the 
Glomar Challenger to drill relatively 
shallow boreholes in accessible sites 
until October 1984. In the meantime, 
the Explorer would be converted in 
time to start drilling in 1981. It is 
anticipated that the programme would 
run until October 1987, and the total 
cost, including preliminary surveys and 
sample analysis but excluding the cost 
of converting the Explorer, would be 
about $396 million. 

The proposed effort would include 
drilling in the passive margins—the 
continental margins which originally 
fitted together—in an effort to under- 
stand the processes which led to the 
original fusion of the syper-continent. 
Another major thrust would be to drill 
along the active margins where the 
Earth’s crust is being jostled and Sub- 
sumed into the mantle, in an attempt to 
understand some of the geophysical 
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processes involved.. Ôther features of 
the proposal involv extensive drilling 
into the ocean crust itself in an effort 
to fearn more about the processes by 
which it was formed, and to study the 
evolution and environmental changes 
which have occurred, 

The committee cautions that the 
programme should not be attempted at 
alf unless there is a firm assurance of 
support for extensive geophysical sur- 
vey work before drilling takes place, 
and sufficient funds tọ analyse and 
interpret the results. “An investment 
in a drilling vessel without a com- 
mensurate investment in scientific in- 
vestigations on an appropriate scale 
could not be supported in good 
conscience”, the report states 

The proposal will be sent officially to 
NSF in the next few weeks, and 
responsiBle programme officials will 
seek authority from the Director and 
the National Science Board to look 
further into the scientific merjts of the 
plan (a task which, as one NSF official 
wryly observed last week, will be 
complicated by the fact that virtually 
everybody capable of offering an in- 
dependent opinion participated in draft- 
ing the proposal), If the programme is 
deemed meritorious, NSF will even- 
tually seek funding, first from the 
Office of Management and Budget and 
later from Congress. At some Stage, it 
is alm&st certain that the matter wiil 
land on the desk of Frank Press, 
President Carter’s science adviser, who 
isa distinguished geophysicist himself. 

For a project of that cost and scope, 
international participation would be an 
obvious advantage. At present, non-US 
participants in the DSDP each con- 
tribute $1 million a year in direct costs 
and a further sum in supporting the 
work of their own researchers in 
analysing and interpreting the results. 
NSF officials note that econdmic and 


political difficulties might Mitigate 
against foreign participation. 
The British commitment, for 


instance, is to support IPODI until 
1978, and a request for a further 
year’s support is expected soon. The 
British package of support is complex, 
however, involving sums of money 
from three separate departments, and 
any request for financial commitment 
at this stage for a period of ten years 
might pose problems. 

The first decade of drilling with the 
Glomar Challenger has provided some 
spectacular results and answered some 
fundamental problems. But it has also 
thrown out some intriguing questions 
which can be answered only with more 
expensive equipment which will be 
more costly to operate. The same 
pattern can be discerned in fields such 
as particle physics and even molecular 
biology. It should be no surprise that it 
is now happening to geophysics, CJ 
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Dutch go ahea 





thë 
Netherlands on moves to control re- 
combinant DNA research there 





RECOMBINANT DNA esearch should be 
developed in the Netherlands because 
of its great scientific importance, 
according to a report from the country’s 
Commission on Genetic Engineering 
which was handed over to the Ministers 
of Health and for Science Policy on 3 
March and published on 30 March. The 
research should be carried out with 
stringent precautions and according to 
clear regulations contained in legisla- 
tion which, in the commission’s opinion, 
should *be implemented quickly. 

The commission, which started work 
just one year ago, also proposes a 
special committee with responsibility 
for surveillance of the research. It 
would continue the work of the present 
confmission on a legal basis, and have 
on it representatives of the biomedical 
sciences, of other related sciences (legal 
and ethics), of the government and of 
society at large. The commission, 
which consists- only of experts in the 
field, also suggests another committee 
to consider broader ethical and social 
aspects of the applications of advanced 
medical and biological research and 
whether to bring such research within 
the framework of legislation. 

The commission supports the Euro- 
pean Science Foundation’s recom- 
mendation that the rules of the British 
Williams report be followed, but con- 
siders that on a couple of points the 
report is insufficiently clear. Plans for 
recombinant DNA research must be 
reported to the ‘surveillance commit- 
tee’, and research cannot go ahead 
unless a statement that there is no 
objection to it has been obtained and 
an ‘examination commission’ has been 
established to check that all require- 
ments are fulfilled. That body has the 
right to do investigations on the spot. 

The commission prefers the descrip- 
tion of the four levels of physical con- 
tainment of the Williams report. It Says 
that a laboratory with the highest eon- 
tainment level should not be established 
in the Netherlands, and that experi- 
ments on that level should be done at a 
‘European’ laboratory, but it says there 
is a great need for facilities with con- 
tainment one level lower. Regarding 
levels of biological containment, the 
commission has opted for the rules 
contained in the NIH regulations in the 
USA. For each experiment the require- 
ments for biological containment will 
be left to the surveillance committee. 

The commission also prefers the NIH 
view that certain experiments should 





pe < Hot be.cartied out at the moment. The 
“Williams report did not exclude any 
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experiments conipletely. Those pro- 
hibited include the cloning of recom- 
binant DNA from pathogenic organ- 


isms (class 3, 4 and 5) or from on- | 


cogenic viruses; the purposeful cloning 


for the production of toxins (botulinum, 
diphtheriae); the establishment of a 
transfer of resistance against (for 
example) antibiotics to microorganisms 
missing that natural resistance: and 
experiments enhancing the virulence 
of phytopathogenic microorganisms. 

On a list of examples of experiments 
with non-purified DNA of organisms 
not segreting toxic products and the 
conditions under which they should be 
carried out, the commission separates 
primates from other mammals, which 
the Williams report did not do. Con- 
cerning prokaryotes the commission 
distinguishes DNA from organisms 
which „exchange genetic information 
with E. coli and those which do not. In 
the commission’s opinion the second 
category carries a higher potential risk. 
Finally, experiments which use nucleic 
acid from animal viruses not patho- 
genic for man have to be placed in a 
higher category than the Williams 
report suggested. 

So far nine projects, one of which is 
already in progress, have been lodged 
with the commission. One has to be 
classified as belonging to the category 
of research which cannot be carried 
out in the Netherlands; the level of two 
others has not been determined, while 
another two are P1-level experiments 
and two more are P2 (according to NIH 
regulations). Two others are P1 projects. 

The establishments involved so far 
are the University of Amsterdam (3 
projects), the Free University in 
Amsterdam (1), the University of Lei- 
den (3), the University of Groningen (1) 
and the University of Nijmegen (1). 
Other universities and research insti- 
tutes are preparing to do recombinant. 
DNA research. From industgy only- 
Unilever is making preparations. 

The foundation ‘Biosciences and 
Society’, which gives information on a 
regularebasis on biomedical subjects, 
remarked on the report in its 31 March 
bulletin. It says that the commission, 
“consisting exclusively of prominent 
Dutch scientists, has hardly occupied 
itself with the social desirability of the 
recombinant DNA-research’’. It goes 
on: “The report gives no answer to 
the critics who doubt whether this 
research is socially necessary. These 
critics say that some results can also be 
reached another way.” E 
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Wanted: a 


Chris Sherwell reports on a European 
science policy symposium held in 
Brussels last week 








STRAITENED economic circumstances 
concentrate the minds of policy- 
makers wonderfully. The problems of 
those involved in science policy are 
worse than most, however, for the 
additional reason that, with science 
seemingly everywhere, science policy 
is seemingly nowhere. But with the 
research base an important pillar of 
support fog the developed countries’ 
economies, the need for science advice 
in government rightly remaips un- 
disputed, and the need to deal with 
problems with a scientific content is 
undiminished. So the search goes on. 

As part of that search, the European 
Commission last week sponsored a 
three-day symposium at a fashionable 
hotel in Brussels. Ambitiously entitled 
“Strategies for Europe: Proposals for 
science and technology policies”, it 
was organised by the private grouping 
known as the Science Policy Founda- 


tion, and attended by some sixty 
people drawn from research councils, 
research institutes, universities, in- 
dustry and the media as well as 
governments. 


It may remain the most important 
outcome of the meeting that the lines 
of thinking developed in recent years 
under the inspiration of the ‘Europe 
+ 30’ idea are at least being sup- 
plemented and that concern has begun 
to focus on more immediate problems. 
If so the involvement of the Science 
Policy Foundation could increase, al- 
though notable absentees from the 
meeting, particularly „from  Britain’s 
science policy establishment, may mean 
that any transfer of legitimacy will 
take time. A former Director General 
at the Commission, Michael Shanks, 
suggested in drawing conclusions from 
the meeting that there ought to be an 
organisafion of science policy federa- 
tions whose work could be enriched 
through association without being 
subordinate to it, and that this pos- 
sibility ought to be examined, eperhaps 
by the Commission working with the 
Science Policy Foundation. There was 
a need, he said, for the Community to 
have a loose network of experts in- 
dependent of political allegiances who 
could together provide advice on com- 
mon problems for leaders lacking a 
science education and thus help to 
bridge the gap between them and the 
broad community they served. 

To this end Directorate General 


scienc 


e policy 


XII, the department of the Commis- 
sion which with its responsibilities for 
research, science and education pro- 
vided the crucial support for last 
week’s symposium, is now engaged in 
preparing for two events. One is a 
three-day symposium which it is 
organising for June on the issues 
which the phrase “Science and 
Society” now commonly embraces. It is 
understood that this has met with 
resistance from some scientists and 
policy makers in certain member coun- 
tries but has been welcomed by 
others, The Commission’s view is 
guarded, but it appears prepared to see 
the issues given an airing urfder its 
auspices on pain of withdrawal if the 
experiment is as fruitless as its critics 
imply. 

Preparations for the other event are 
less well finalised. It stems from the 
suggestion in February by Gfiido 
Brunner, the European Commissioner 
for both Energy and Research, of a 
forum or hearings on the issue of 
nuclear power. What form these might 
take remains unclear, -but they are 
likely to be held after the proposed 
symposium on science and society. 
What is certain is that, in the after- 
math of President Carter’s recent an- 
nouncement on nuclear power, the 
already strengthening worries of the 
Commission on the issue have been 
further reinforced. Faced with an in- 
creasingly threatened European nu- 
cleag programme and continuing 
troubles over uranium supplies from 
North America, the fact that Euratom 
and the IAEA have now agreed terms 
on safeguards seems to cut little ice, 
and this is a matter for some despair. 
The Carter statement confirms the dif- 
ficulties of the Commission’s own 
position: its first official response last 
week (the initiative will be “studied 
closely”) was well muted. 

If the symposium was anything to 
go by, on the science policy front it is 
now apparent that in Europe there is 
an emerging concern with two prob- 
lems in particular. One is the effect of 
producing + increasing numbers of 
highly qualified science graduates for 
whom the end of an era of university 
expansion has coincided with a period 
of inflation and recession to produce 
the grim spectre of unemployment. 
The worry is not just about where the 
professors of future generations will 
come from, or about the more fun- 
damental matter of the state of science 
and research; there is also the practical 
worry, outside the issue of ageing re- 
search staffs, of the sheer waste in- 
volved, the opportunities foregone. 


For those who choose to ignore such 
central matters of how much a country 
should devote to basic research-—~an 
issue on which researchers are more 
and more being called upon to defend 
themselves—the obvious destination 
for graduates is industry. But industrial 
innovation is the other problem over 
which there appears to be emerging 
concern in Europe: how is manu- 
facturing industry, the so-called engine 
of growth, to improve its capacity to 
generate and harness the process and 
impact of innovation? 

One tangible achievement of* the 
symposium may tufn out to be that it 
encouraged fhe first steps towards 
some amelioration of these sorts of 
problems. On the matter of industrial 
innovation, for example, in Which the 
Commission has for some time shown 
an interest, for instance through its 
so-called, Brunner-D’Avignon task 
force, the prospect emerged of co- 
operation betwen the Commission and 
the European Industrial Research 
Management Association (EIRMA), 
possibly with the additional assistance 
of the Science Policy Foundation. 

Inevitably the Community’s main 
interest, being borne of shared econ- 
omic interest, is likely to focus more 
readily.on innovation in this fashion. 
But it does not confine itself fo that, 
and the symposium also confirmed 
that the European body that has firmly 
established itself as the one best placed 
to answer questions about the overall 
state of basic research throughout the 
continent is the Strasbourg-based "Euro- 
pean Science Foundation (ESF), made 
up of research councils and academies 
from 45 member countries. 

The European Commission has close 
links with the ESF, and now plainly 
recognises its authority to speak on 
matters of basic research. A keynofe 
address from Dr Gunter Schuster, 
Director General at DGXII, helped 
the ESF’s President, Sir Brian Flowers, 
to draw a positive response later to 
his own intimations that the Com- 
mission could assist in efforts to estab- 
lish a fellowship scheme to help build 
a European social science and to 
develop the humanities—a goal which 
reflects the ESF’s own desire to con- 
cern itself less with the English science 
and more with the broader German 
wissenschaft. As Sir Brian said, the 
ESF was not concerned with studying 
policy; by its activity it contributed to 
it. l 

For most practising researchers that 
view will probably provide some real 
comfort at a time when their need is 
not so much for science policy studies 
as for science policy itself. The question 
remains whether they can represent 
this interest successfully. E 
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The cost of maintenance 


Werner Gries reports from Bonn on 
West Germany's funding for science 





WEST GERMANY spent DM24,200 mil- 
lion on scientific research and develop- 
ment in 1976: DM12,700 million came 
from the government, DM10,900 mil- 
lion from industry and the remainder 
from overseas atfd from independent 
foundations. As is customary, 55% of 
the government contribution was raised 
by the central government, And 45% 
by the Länder which comprise the 
federal republic. In cortrast to other 
Western nations, military research and 
development plays a comparatively 
minor role in West Germany: in 1976 
it received DMI1,500 millione-6% of 
the total research expenditure. Since 
1973 there has been no increase in the 
resources available for research and 
development and plans for 1977 show 
that in real terms, total expenditure on 
research will decrease. In 1976 2.2% 
of GNP was spent on scientific 
research, 

Non-nuclear energy research is 
receivigg increasing support’ from 
both the government and industry. 
The government contribution for 
specific projects connected with non- 
niclear energy amounts to DM270 
million in 1977. Some DM300 million 
will be spent on research centres and 
other projects. Mining and coal tech- 
nology are the most important areas 
receiving government subsidy. New 


techniques e of searching for and 
developing petroleum, natural gas and 
uranium are also being investigated, as 
are the possibilities of solar and wind 
energy. Solar collectgrs for heating are 
now so advanced that the government 
is considering offering special incen- 
tives, particularly investment bonuses, 
to encourage manfacturers to put new 
techniques on the market. The govern- 
ment is also subsidising research into 
new methods of saving energy. 

On the nuclear front, West Germany 
is, amongst other things, developing the 
fast breeder reactor, About 2,300 
people are now employed on the 
development work and in 1977 about 
DM380 million will be made available 
to research establishments and industry 
for further development. The principal 
project is the 300MW prototype 
reactor at Kalkar, which according to 
the latest estimates will cost DM2,800 
million to set up. A smaller experi- 
mental reactor is being built in 
Karlsruhe to test the fuel elements for 
the fast breeder. Plans are also going 
ahead for the’ construction of larger 
fast breeder reactors in collaboration 
with France. German electricity supply 
companies are involved in the construc- 
tion of the French Super-Phénix, for 
which they are receiving a grant of 
DMS55 million from the West German 
government. 

The Ministry of Research and 
Technology is in charge of all govern- 
ment activities in the field of ¢fast 
breeder development, and although 
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therg is growing opposition to these _ | 


reactors in parliament, the Ministry ae 
apparently intends to continue pro- 8 
moting intensive research on ther i 

far the government alone has 
DM2,100 million on the devel: 
of fast breeder reactors. In add 
the prototype at Kalkar, a large 
breeder reactor is scheduled to be 
in the early 1980s. Its construction v i 
take into account the results of the 









French project; there has been close | ae 
cooperation between France and West. 
Germany on fast breeder development __ 
treaty between the two. | 


since the 
countries in 19735. 


In 1977 space research will receive : 
DM600 million almost exclusively from. E 
the government, and in particular from o 


the Ministry of Research and Tech- 


nology:e DM347 million will go to the 
European Space Agency and form the 


major part of West Germany's spend- 
ing on space research. At the moment 
the West German government is pri- 
marily involved in financing the ESA 


Spacelab and in the development of- [ 


various*exploratory satellites. It gives 
DM 40 million a year towards develop- 
ing the launcher Ariane; an extra DM 


10 million will go towards the building 


of a launching base for the Ariane in 
Kourou in French Guiana. 


Support for national space projects: 


has decreased steadily in the past few 
years and now only 20% of the total 


expenditure goes on domestic projects. 


In 1977 DM133 million will be spent 
on a large research establishment for 
air and space travel, Deutsche 
Forschung-und Versuchsanstalt für 
Luft und Raumfahrt (DFVLR). 0 





SWEDEN . 
A catalytic note 


Wendy Barnaby reports from Stock- 
holm on Sweden’s recently established 
Energy Institute 


SWEDEN’S new international Energy 
Institute, opened recently in Stock- 
holm, is planning to carve a niche for 
itself in research on energy/ecology 
problems. It will see man’s use of 
energy as a special case of the energy 
flow in the biosphere, affecting it and 
all natural resources. This should be a 
suitable focus for the new Director, 
Professor Gordon Goodman, a British 
ecologist with wide experience in 
energy research, and it is in line with 
the interests of the chairman of the 
international board, Professor Jack 


, Academy of Science. 


Hollander, an American who heads a 
large project on energy for the US 


Specific research projects ` will 
depend largely on the results of the 
review of current energy research that 
Goodman and a plasma physicist, Tars 
Kristoferson, are about to begin—both 
want energy researchers to notify them 
of projects being done. The idea is to 
close those gaps created by the trans- 
disciplinary nature, long time-scale or 
low economic interest of the work 
needed to fill them.* The Institute will 
not therefore be interested in short- 
term, controversial topics; Goodman 
wants to establish its reputation as a 
trusted supplier of timely and signifi- 
cant facts for the international debate 
on energy-related problems. He 


envisages the Institute playing a 
catalytic role *by preparing review 
papers highlighting the need for 


research in various areas. As it has no 
laboratory facilities, its work will be. 


carried on by seminars, symposia and 


publications. 


The Institutes funds 


Foundation—and additional 
a reasonable programme going. But 
Goodman points out, that the money 
has no strings attached and will enable 


the Institute to avoid projects meant ee 
Because 


to bolster sectarian interests. 
of the financial limitations, perman- 
ent positions will probably be limited 
to the Director and his assistant; 
academics coming to Stockholm for 
short visits or sabbaticals would help 
carry out projects. 


age very” - 
limited—about $400,000 a year Tor the 
next seven years from the private Beijer 
funds = 
will havg to be sought elsewhere to get > 
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. He worked on observations of peculiar tributes some 84%. The specific objec- 
JET meeting s and interacting galaxies. In March tive of the survey is an estimation of 


The Committee of Permanent Repre- 
sentatives (COREPER) irf Brussels, 
made up of senior officials of the EEC 
member states, meéts this week to 
discuss the ill-starred joint fusion pro- 
ject, JET. If they can resolve the out- 
standing problem of the method by 
which the proposed JET council will 
work, the way will be clear for an early 
Council of Ministers meeting to finalise 
the question of the site, which is ex- 
pected to be either Garching in 
Germany or Culham in England. 


Argentinian disappears 


The latest Argentinian scientist about 
whom cortern is being expressed is 
Horacio Dottori, an astrophysicist. Sr 
Dottori was at the Cordoba* Astro- 
nomical Observatory from 1967 to 1976 
except for a two-year period in 
Germany at the Max Planck Institut fiir 
Physik und Astrophysik from 1971-73. 


THE ban on saccharin proposed by the 
Food and Drug Administration 
(FDA) has unleashed a public re- 
action of unexpected, and allegedly 
unprecedented, intensity. The protest 
against the ban was apparently ex- 
pected to last for only a few days 
and, accordingly, the US manufac- 
turer of saccharin announced plans to 
discontinue production. After a 
week, these plans were cancelled 
because of the heavy and continuing 
demand for saccharin by consumers 
who were stockpiling it in various 
forms. This must have been a great 
surprise to those who thought that 
mere mention of carcinogenesis would 
make the public abjure saccharin. 

I have received copies of about 150 

US newspaper articles on the ban. 
The FDA came in fOr a tremendous 
clobbering, even though its action 
was mandatory under provisions of 
the Delaney Clause of the Federal 
Food Drug and Cosmetic Act. In 
former days, those who objected to 
the {fause were often rebutted by 
ad hominem accusations, as for 
example by Epstein (Preventive 
Medicine 2, 140, 1973): 
All such criticisms fof the * Delaney 
Clause] have emerged from industrial 
groups, trade associations and their con- 
sultants, and from groups that are clearly 
identified with protection of industrial 
interest . . . Such ‘captive’ spokesmen 
fare characterised by] lack of expertise 
and national recognition in the field of 
chemical carcinogenesis . . . No such 
criticisms have emerged . . . from quali- 
fied scientific representatives of citizen, 
consumer and public interest groups. 


In the face of such invective, a 


4976, following the military takeover, 
he was dismissed. He was, arrested in 
August 1976 and has now disappeared; 
his friends believe he has been sent to a 
camp called ‘La Perla’, about which 
little is known. 


X-ray survey 

To meet the requirements of a directive 
on radiological protection from the 
EEC Council of Ministers, and because 
existing information in Britain is out 
of date, the UK National Radiological 
Protection Board (NRPB) is to conduct 
a survey, beginning in June and en- 
compassing over 100 National Health 
Service hospitals, of the radiation doses 
which patients receive from the 
diagnostic use of X-rays. 

The medical use of radiation con- 
tributes some 13% of the total dose 
which the population receives, making 
it the largest man-made component. 
Natural background radiation «on- 


symposium on the Delaney Clause, 
held by the New York Academy of 
Sciences in 1973, did not produce a 
single proposal for its revision. Ban- 
ning saccharin seems to have changed 
the picture. As a columnist said, “Ht 
wasn’t large corporation people who 
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swept through supermarkets, cleaning 
the shelves of artificially sweetened 
products”. 

The FDA, perhaps intentionally, 
noted that “a human would have to 
drink 800 12-ounce cans of diet soda 
a day for a lifetime’ to ingest an 
amount of saccharin comparable to 
that received by rats in the Canadian 
study that led to the ban. In vain did 


the so-called ‘genetically significant 
dose’ (GSD) to the population arising 
from diagnostic radiology. 


Chemistry PhD survey 


The Chemical Society’s Standing Adtis- 
ory Committee on Relationships be- 
tween Higher Education and Industry 
(SACRHED) recently completed a sur- 
vey on US views of the British 
chemistry PhD. It sought the opinions 
of 40 US industrialists, seven US pro- 
fessors of chemistry and a coupk of 
professional associations. Although 
about half” the industrialists and 
academics thought „the British and 
American PhDs comparable so far as 
research is concerned, the industrialists 
thought holders of British chemistry 
PhDs were less motivated towards em- 
ployment in industry and had less 
appreciation of overall industrial 
problems than their American counter- 
parts. 


FDA point out that one can daily 
would still impose a proportionately 
lesser risk. Cartoonists, columnists, 
and lawmakers swooped down glee- 
fully ọn the 800-can statistic. One 
cartoon showed a pharmacist offering 
a frustrated saccharin customer 
cigarettes and whisky as an alternative 
for the banned sweetener. A con; 
gressman sought fleeting fame by 
introducing a bill to prohibit giving 
saccharin to rats. “Science For The 
People” had taken over, but not in 
the way that its sponsors had origin- 
ally planned. A few stern hard-liners 
told diabetics to stop griping, and 
drink water, a sort of Marie- 
Antoinette-in-reverse suggestion that 
was not well received. 

Public rebuff of the Delaney Clause 
received support from eminent clinic- 
ians who said they had seen practically 
no cases of bladder cancer in diabetics 
who had been on saccharin for many 
years, thus implying that rats re- 
sponded differently from human 
beings. Thus the two cardinal points 
of the Delaney Clause: extrapolation 
of carcinogenesis from laboratory 
animals to human beings, and the 
absence of a threshold, both were 
widely discounted. The Delaney 
Clause may well need revisions. How- 
ever, let us hope that opposition to 
banning saccharin will not jeopardise 
a programme to reduce exposure to 
environmental carcinogens. 

As of last reports, the FDA was 
still answering telephone calls, but 
Congressman James Delaney could 
not be reached. 
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Rights of scientists 

SIR —You quote the newly published 
report Scholarly Freedom and Human 
Rights (24 February, page 671) in 
stressing the responsibifity of learned 
societies to support oppressed and per- 
secuted scientist, by public protests. 
This is important: hitherto it has 
. usually been argued that only non- 
scientific channels are permissible for 
such protests because actions taken by 
scientific societies would be political 
demonstrations not consistent with 
their high scientific aims. 

Two points seem to be disregarded 
in this argument. Firstly, that protests 
through non-scientific channels em- 
phasise the humanitarian aspect where- 
as the professional aspect is emphasised 
only through scientific societies. If a 
scientist is hindered or restricted in his 
work and prevented from. normal 
communication and exchange with his 
colleagues within the international 
scientific community, not only is his 
own work impeded but also that of his 
colleaghes and hence scientific progress 
ir. general. Secondly, that the govern- 
ments that persecute scientists bring 
pelitics into science whereas the 
scientific societies submit their profes- 
sional protests just to keep politics out 
of ‘science. 

It has also been argued that inter- 
national societies should be parti- 
. eularly careful in such matters, whereas 
national societies might act more freely. 
However, there are good reasons for 
the view that an international scientific 
society is an appropriate channel for 
appeals and protests when scientists are 
arbitrarily cut off from the international 
forum of scientific discussion. The very 
purpose of an international scientific 
society is to promote science by 
fostering international collaboration, 
communication and exchange among 
scientists. A national society is involved 
in professional, educational and ad- 
visory activities, and the promotion of 
international cooperation, which is the 
main concern of an international 
‘society, is of but minor importance. If 
a member of an international society is 
prevented from normal communication 
and exchange with fellow-scientists 
in other countries, the very purpose of 
the society is violated and it is the duty 
of its board to take measures to restore 
the member to a normal scientific life. 
Although practical considerations may 
call for restraint and moderation while 
acting within an international body, it is 
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important that the principle is made 
clear. It is the scientific and profes- 
sional aspect of the matter that should 
be advanced in this context; political 
and other arguments should be avoided. 

In conclusion, then, it is the duty of 
scientific societies to speak up officially 
in defence of oppressed and persecuted 
scientists. 

Gosta WRANGLEN 

Royal Institute of Technology, 
Stockholm, Sweden 


The Tacoma Bridge collapse 
SiR, —Dr Henry Chilver (10 February, 
page 494) reviewed a number of acci- 
dents and attempted to categorise 
them by making use of a ‘triangle of 
failures’. The failure of the Tacoma 
Bridge in 1940 lies in Chilver’s dia- 
gram midway between ‘unknown en- 
vironmental forces’ and ‘unpredictable 
behaviour’ and he says that “The 
cause of the accident was an. inade- 
quate understanding of the inter- 
action of the structure with its environ- 
ment, leading to large oscillations of 
the bridge. The resulting behaviour 
was unpredictable at the time... ”. 
There were however indications in 
information available at that time, but 
not collated then, that a failure would 
occur and that the mode of failure was 
not new. The figure shows variation of 
span length, L, of a suspension bridge, 
with the year of building. Also shown 
are corresponding values of the ratio 
of girder depth, d, to span length (some 
examples are missing because records 
are incomplete); this parameter is a 
rough measure of the stiffness of the 
girder against vertical loads from 
wind or traffic. In the 19th century, 
bridges were designed on an intuitive 
basis and several were destroyed or 
damaged by winds. In one or two 
instances, eye witness reports were 
recorded and these bear remarkable 
similarity to the observations recorded 
on film during the collapse at Tacoma. 
The earlier collapses consistently 
occurred whenever d/L was less than 
approximately 0.006. 

At the turn of the century a new 
theory was developed which seemingly 
gave mathematical rigour to the 
design of the deck girder. This theory 
considered only static wind pressure 
loading but, for the heavy, deep 
girders then currently fashionable, it 
proved very successful and no dynamic 
behaviour was observed. During the 
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next thirty years several sug 
bridges were built and, with th 
fidence instilled in the designers b; 
availability of the theory, there w 
trend to much lighter girders (d/L; 


Economy, lower traffic loads and 


aesthetic appeal were the main driving a 


forces in this move. Eventually, as the 
figure shows, the values of d/ L dropped 


below 0.006 and wind induced oscilla- gi 


tions were observed in a number’ of 
bridges, although only the Tacoma 
Bridge actually collapsed. e After. that 


deck girders were made stiffer, but the : 
patterre of development was quickly — 


re-established. (This time, however, 
the critical value of d/L has been 
safely reduced because of the use. of- 
wind-tunnel testing in conjunction with 
the design calculations). 

Had proper records been kept of” ‘ 
trends fn bridge design, and had engin- 


eers been made aware of earlier wind= °° < 


induced failures, a warning would have. 
been sounded on the dangers of using 
the analysis for very light deck girders. 
We have shown that the failures:of:- 
other bridges of different types could 
also have been avoided if records had — 
been kept of design trends and minor 


accidents preceding the major event _ 
had been adequately investigated. Simi- = 
lar trends have been noted in structures 


other than bridges. We suggest the 
need for a facility to gather and pro- 
cess information on which to base the 
direction of research on structural 
behaviour. 

A. C. WALKER 

P. G. SIBLY 
Department of Civil Engineering, 
University Collège, London 
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Another optical pulsar 


from Jocelyn Bell Burnell 


Ever since the discovery of optical 
flashes from the pulsar in tHe Crab 
Nebula and the association of pulsa- 
tion in this band with rapid pulsation 
period, astronomers have expected that 
the Vela pulsar, the third fastest, should 
likewise emit pulses of light. But in 
the 8 years since that initial discovery 
hope has gradually faded as larger and 
larger telescopes have searched for 
fainter and fainter flashes. So far had 
faith dimmed that consideration was 
recently given to the unpulsed optical 
emission of the pulsar, and an attempt 
made to pick out the candidate star 
on the basis of predicted magnitude 
and colour (Lasker Astrophys. J. 203, 
193; 1976). 

But at last, optical pulsations have 
been found. In this issue of Nature 
(page 692) Wallace and eleven others 
(in a paper with more authors than 
paragraphs) report the detection of 
optical pulsations from the Vela 
pulsar. In a collaborative effort between 
optical astronomers from the Royal 
Greenwich Observatory and the Anglo- 
Australian Telescope, and radio astron- 
omers in Australia, faift optical pulses 
at the same pulsation period as the 
radio pulses have been recorded. With 
a time-averaged magnitude of 25.2 this 
is the faintest thing ever seen (and in 
good agreement with Pacini’s predic- 
tion that it would have magnitude 
about “25 (Astrophys. J. 163, L17: 
1971)). 

The Vela pulsar has been a particu- 
Jarly troublesome pulsar to deal with. 
Not only are the light pulsations weak, 
requiring a large modern telescope such 
as the AAT with sophisticated equip- 
ment for analysis, but the pulsation 
period of the pulsar itself, as observed 
by the radio astronomers, is not stable. 
Pulsars are believed to be rotating 
neutron stars—-stars of a few kilo- 
metres radius with a density compar- 
able to that found in the atomic 
nucleus. The pulsation period is the 


rotatiqn period, which in the case of 
the Vela pulsar is 80 ms. The period 
gradually lengthens as the star loses 
rotational energy, and, again for the 
Vela pulsar, this is about 11 ns per day. 
This is typical pulsar behaviour, 
although for both the Crab and Vela 
pulsars the rotation rates are much 
faster than average and the slowing 
more noticeable. What is peculiar to 
the Vela pulsar and partly responsible 
for the delay in the discovery of the 
light flashes is the occasional large hic- 
cough or “glitch” of the pulsar, when 
its rotation rate suddenly increases 
(typically by 200 ns). The position of a 
radio pulsar is obtained by the radio 
astronomers from a study of the 
Doppler shifts in its pulsation period 
due to the annual motion of the Earth 
about the Sun. Erratic behaviour of the 
pulsar peried upsets the determination 
and uncertainties in the position of this 
pulsar have not helped the optical 
astronomers. 

The region around the Vela pulsar, 
PSR 0833-45, is complex. There are 
many faint stars, and the remains of a 
supernova—a star that exploded cata- 
clysmically blowing off a shell of 
material. The pulsar, which may have 
been formed by the supernova explo- 
sion, lies within part of this shell—the 
part called Vela X by radio astrono- 
mers. To add confusion to complexity 
thege are two X-ray sources in the 
constellation of Vela, Vela X-i 
(3U0900-40) and Vela XR-1 (3U0833- 
45). Vela X-I shows strong X-ray pul- 
sations whereas Vela XR-1 which is 
presumably associated with the pulsar 
does not! 

According to Pacini’s predictions the 
pulsated X-ray enfission from 0833-45 
should be below the threshold of pre- 
sent X-ray telescopes, but y-ray astron- 
omers have had noticeable success in 
detecting this pulsar. (The division 
between X and y-ray astronomy is 
made on the basis of photon energy, 


the divide being around a few hundred 
keV, and is independent of the method 
of prodyction of the photons.) So suc- 
cessful have been the y-ray astronomers 
(with the COS B satellite, for example), 
that one wonders whether it might not 
be reasonably strong in X rays too. It 
will be interesting to learn more about 
the X-ray source: where it is in rela- 
tion to the pulsar, what it is, and what 
fraction of the X-ray emission is pulsed. 
It is tempting to assume that the 
Vela pulsar is similar to the Crab only 
less energetic: both are rapid ‘pulsars, 
both emit pulses at the radio pulse 
period over a wide range of the electro- 
magnetic spectrum and at ‘y-ray 
energies their pulse profiles are 
strikingly similar. But there are striking 
differences too, notably that whereas 
for the Crab the radio, optical, X- and 
y-ray pulses are all in phase, in the 
Vela pulsar the radio pulse apparently 
precedes the optical and y-ray pulse. 
One is reluctant to divide a sample 
of two {nto two separate categories, 
and, unfortunately, there are unlikely 
to be many more samples on which to 
establish such a division. This makes 
this discovery and the consequent 
observations all the more important. [7 


Correction 

Changes in proof to the article by 
Roberts and Falkow in last week’s 
Nature (266, 630; 1977) require the 
following correction to be made to 
the accompanying comment in 
News and Views (266, 586: 1977). 
In paragraph 3 it is stated that the 
25 Mdal sex-factor plasmid has not 
yet been found to be transferred to 
recipient strains alohg with the 
drug resistance plasmid. Roberts and 
Falkow have now found that it is 
transferred to recipient strains of 
Neisseria gonorrhoeae. 
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Synaptic memory in ‘the hippocampus ` 


from Shin-Ho Chung 


Ir has been known for some time that 
efficiency in synaptic transmission can 
be enhanced for several hours after pre- 
syhlaptic fibres have been briefly stimu- 
lated. Interest in this phenomenon, 
known as ‘long-lasting potentiation’, is 
partly due to the belief that such a 
change in synaptic efficiency may well 
be a neurophysiological mechanism for 
Storage of information in the central 
nervous system. While most physio- 
logical studies on synapses have empha- 
sised events occurring’ immediately 
after the arrival, of a nerve impulse, 
psychological observatiqns reveal many 
phenomena which must be due to long- 
lasting effects of nerve impulses on 
synaptic pathways. Amongst these are 
the after-effects of intense sensory 
stimulation, which may persist for many 
days, as well as conditioned reflexes, 
and the process of learning: all these 
are almost certainly due to long-lasting 
changes in the properties of neurones 
and synapses brought about by use and 
disuse. A number of recent studies are 
aimed at elucidating the underlying 
mechanisms of synaptic plasticity. 
Long-lasting potentiation in a mam- 
malian” synaptic pathway was first dis- 
covered by Larrabee and Bronk (J. 
Neurophysiol. 10, 139; 1947) and was 
later confirmed by Lloyd (J. gen. 
Physiol. 33, 147; 1949). In a simple 
synaptic pathway where the presynap- 
tic axons connect directly to the post- 
synaptic neurones, they noted that 
transmission through the pathway is 
greatly enhanced for several minutes 
following a brief period of repetitive 
stimulation of the presynaptic axons. 
The duration of this facilitafion could 
be extended for up to 2 hours by stimu- 
lating the pathway at an optimal fre- 
quency (Beswick & Conroy J. Physiol. 
Lond. 180, 134; 1965). Bliss and Lomo 
(J. Physiol. Lond. 232, 331; 1973) later 
extended this observation to the hippo- 
campus, which proved to be a particu- 
larly suitable structure for electro- 


physiological analysis of synaptic 
plasticity. Cells there form tightly 
packed layers, with their dendrites 


oriented radially, and afferent inputs 
originating from different regions of 
the brain terminate at discrete seg- 
ments of the dendrites (see diagram on 
page 738 of this issue of Nature). Brief 
episodes of repetitive stimulation to the 
perforant path fibres, which link the 
entorhinal cortex with the granule cells 
of the hippocampus, produce a cumula- 
tive increase in the amplitude of the 
responses evoked by subsequent single 
stimuli. Compared with the spinal cord 
(Lloyd op. cit.; Beswick & Conroy op. 


td] 

cit.), the duration of synaptic potentia- 
tion in the hippocampus is prolonged, 
and the degree of facilitation pro- 
nounced. For example, a few brief 
trains of repetitive stimulation increase 
the amplitude of the synaptic potential 
by as much as 300% and this enhanced 
synaptic efficiency persists, in certain 
conditions, as long as several weeks 
(Bliss & Gardner-Medwin J. Physiol. 
Lond. 232, 357: 1973). Since these 
initial reports, the phenomenon has 
been confirmed in various mammalian 
species and in two other hippocampal 
pathways (Deadwyler er al. Brain Res. 
88, 80; 1975; Douglas & Goddard 
Brain Res. 86, 205; 1975: Schwartz- 
kroin & Wester Brain Res. 89, 107; 
1975; Dudek et al. J. Neurophysiol. 39, 
384; 1976). 

An unresolved question, which 
An@erson ef al. (page 736 of this 
issue of Nature) and Lynch ef al. 
(page 737) have sought to answer, is 
whether the enhanced synaptic effi- 
ciency seen in the conditioned pathway 
is due to a ®eneralised increase of 
sensitivity in the postsynaptic neurones, 
or whether it is confined to those 
synapses which have been repetitively 
activated (or tetanised). Although the 
findings Teported by the two groups 
differ in detail, it is now satisfactorily 
established that a prolonged increase 
in synaptic efficiency is confined to the 
tetanised pathway, suggesting that the 
underlying processes giving rise tẹ the 
hippocampal potentiation may differ 
from those responsible for the hetero- 
synaptic facilitation which occurs in 
certain invertebrate neurones (Kandel 
& Tauc Nature 202, 145; 1964: J. 
Physiol. Lond. 181, 1: 1965). Andersen 
and his colleagues report that a 
tetanus applied to one group of affer- 
ents causes no change in synaptic 
transmission in the untetanised path- 
way, while Lynch and his coworkers 
claim that the enhanced synaptic effi- 
ciency in the tetanised pathway is 
accompanied by a generalised depres- 
sion of the postsynaptic neurones. This 
latter result is consistent ‘with their 
previous finding that the sensitivity of 
pyramidal cells to iontophoretically 
applied glutamic acid is decreased after 
tetanus (Lynch et al. Nature 263, 151: 
1976). While the conflicting observa- 
tions reported by the two groups are 
difficult to reconcile, they are only 
tangential to the ultimate aim of the 
investigation, which is to localise the 
changes in the properties of neurones 
and synapses caused by use and disuse, 
and to understand the ways in which 
these changes are induced. 


There are a number of possible 
mechanisms which may be responsible 
for long-lasting potentiation (see Bliss 


& Lomo op. cit.). For example, an | 


impulse flowing down the previously 


tetanised pathway may invade more 
terminals than normal, thereby pro- 
ducing a larger effect on its target 
cells (see News and Views, Nature, 264, 
313; 1976). Alternatively, and this is 


the possibility which Andersen et al. . 


favour, the same number of terminals 
may be activated but each terminal 
may liberate an increased amount of 
transmitter. Finally, it is also possible 
that previous activity may increase the 
sensitivity of the postsynaptic junc- 
tional membrane; for example, Rall 
(Biophys. J. 2, 145; 1962), among 
others, has postulated that a structural 
alteration of the postsynaptic spines 
may be an important variable in 
changing the relative weights of syn- 
aptic inputs. The swelling of the spines, 
due to the uptake of electrolytes and 
water, can cause a reduction in the 
resistance of the narrow stems by 
which the spines are attached to the 
parent dendrites, and this could pro- 
vide a basic mechanism for long-lasting 
potentiation in this monosynaptic 
pathway. In this context, it is relevant 
to note that the diameter of spines in 
the hippocampus appears to increase 
abruptly when the pathway innervat- 
ing them is tetanised (van Harreveld 
& Fifkova Anat. Rec. 181, 355; 1975; 
Expl Neurol. 49, 736; 1975). 

The molecular basis for long-lasting 
potentiation will remain speculative 
until synaptic transmitters in the 
central nervous system are identified, 
and this is proving an elusive task. An 
excellent study°in the amphibian sym- 
pathetic ganglion, where the synapses 
are known to be mediated by acetyl- 
choline, has demonstrated that a slow 
decrease in membrane conductance, 
triggered by muscarinic receptors, 
causes potentiation of syn&ptic re- 
sponses generated by the activation of 
nicotinic receptors (Schulman & Weight 
Science 194, 1437: 1976). Athough the 
mechanism of potentiation in the 
hippocampal pathways may not be the 
same as in the amphibian sympathetic 
ganglion, it is this type of controlled 
study which is now needed for cortical 
cells. Once the underlying mechanism 
governing plasticity observed in the 
simplest synaptic system is elucidated, 
experimental investigation can then be 
extended to the more complex poly- 
synaptic pathways and, finally, to the 
grey matter of the cerebral cortex. This 
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ultimate aim, however, wil] not be 
achieved in the near future. As Ramon 
y Cajal once remarked, the struqgure 
of the cerebral grey matter is so in- 


Anti-anxiety receptors - 


in the brain? 


from Leslie Iversen 


Liganp binding techniques are well 
established as important tools for 
studies of a variety of biological re- 
ceptors for peptide hormones and 
neurotransmitter substances. In most 
cases such assays have been developed 
to investigate receptors for which -the 
naturally occurring ligand is already 
known, for example, insulin, acetyl- 
choline or noradrenaline. In the case 
of the opiate receptor, however, the 
discovery of the high affinity binding 
of radioactively labelled morphine-like 
drugs to membranes in brain homo- 
genates (Pert & Snyder Science, 179, 
1011; 1973) was of a different charac- 
ter, since it allowed descripyon of 
the precise characteristics and distri- 
bution of a receptor mechanism for 
which no naturally occurring ligand 
was then known, and it offered a 
powerful tool for the subsequent dis- 
covery of the enkephalins and endor- 
phins as a new class of naturally 
occurring agonists for a receptor 
mechanism hitherto described only in 
terms of the organism’s response to 
opiate drugs. 

Such drugs, however, represent only 
one of several important classes of 
centrally acting drugs whose pharma- 
cological mechanisms remain obscure. 
Squires and Braestrup (page 732 of 
this issue of Nature) now describe their 
preliminary results in applying a 
similar rationale to studies of the 
receptor mechanisms possibly involved 
in mediating the actions of minor 
tranquillisers of the benzodiazepine 
class. These drugs, exemplified by the 


anti-anxiety agent diazepam (Valium) 


and the hypnotic drug nitrazepam 


a (Mogadon), have had an enormous 
commeswcial success since the discovery 


of their remarkable psychopharmaco- 
logical properties in the 1950s. They, 
and many related analogues in the 
benzodiazepine series, are able ¢o tame 
otherwise aggressive laboratory 
animals, they exhibit CNS muscle 
relaxant properties, and in man the 
drugs are used as anticonvulsants and 
more importantly as anti-anxiety 
agents. At higher doses they are also 
effective hypnotics, and since they are 
much less toxic than barbiturates, have 
taken an increasing share of the large 
market for those suffering from anxiety 
and/or insomnia. Benzodiazepines, 


+ 
tricate that it defies and will continue 
to defy for many decades the obstinate 
curiosity of neurobiologists. 
i 


Li 


needless to say, have been consumed 
by many millions of people in the 
industralised nations of the world in 
which such complaints are endemic. 

Despite their unique pharmacological 
properties and widespread medical use, 
the mode of action of the benzodiaze- 
pines remains unknown. There have 
been various attempts to explafn their 
effactse in terms of current neuro- 
pharmacological fashion, that is, by 
action on CNS catecholamine or indo- 
lamine transmitters, but these have 
been largely unconvincing. Young ef 
al. (Proc. natn. Acad. Sci. U.S.A T4, 
2246; 1974) found that the potencies 
of a series of benzodiazepines in dis- 
placing radioactively labelled strych- 
nine from binding sites associated with 
glycine receptors in mammalian spinal 
cord correlated fairly well with the 
potencies of the same drugs in various 
animal behaviour tests predictive of 
anti-anxiety properties, and these 
authors proposed the hypothesis that 
the drugs might interact with receptors 
for this inhibitory amino acid trans- 
mitter in CNS. However, relatively 
high concentrations of the drugs were 
needed to show this effect and subse- 
quent neurophysiological experiments 
failed to lend support to this hypo- 
thesis (Curtis et al. Brit. J. Pharmac. 
56, 307; 1976). A more recent proposal 
has been that the benzodiazepines 
might in some way mimic or enhance 
the effects of another inhibitory amino 
acid transmitter, y-aminobutyric acid 
(GABA) at CNS receptor sites. This 
hypothesis was based on both bio- 
chemical and neurophysiological evi- 
dence (Polc et al. N. S. Archiv. 
Pharmac. 284, 319; 1974; Costa et al. 
Adv. Biochem. Psychopharmac. 14, 
113e 1975), and has attracted a wide 
following. «Nevertheless, it has proved 
difficult to demonstrate any direct 
interaction between benzodiazepines 
and GABA receptors, although recent 
neurophysiological evidence has shown 
that these drugs are able to exert 
inhibitory effects on the firing of single 
cells in rat brain similar to those seen 
on application of GABA (Dray & 
Straughan J. Pharm. Pharmac. 28, 
314; 1976). 

Squires and Braestrup found that 
high specific activity *“H-diazepam is 
bound to saturable sites in rat brain 
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membrane preparations with very high 
affinity—half satufation being achieved 
at a drug concentration of only 2.6 nM. 
When low concentrations of the 
labelled drug were used more than 
90% of the total binding was attribut- 
able to this single class of high affinity 
sites. More importantly, they showed 
that the potencies of 21 different ngn- 
radioactive benzodiazepine drugs “in 
competing with labelled diazepam for 
binding showed a highly significant 
correlation with the known pharmaco- 
logical potencies of these drugs deter- 
mined previously in various animal 
tests known to be ptedictive for anti- 
anxiety properties in man. *The 
potencies of the drugs tested in both 
the in v#vo and in vitro tests ranged 
over four orders of magnitude. On the 
other hand, none of the known amine 
or amino acid transmitters (including 
glycine and GABA), or any of the 
drugs known to interact with their 
receptors, had any inhibitory effects on 
‘H-diazepam binding. Other minor 
tranquillisers, such as meprobamate, 
barbiturates or ethanol, were also in- 
effective as inhibitors, as were opiate 
drugs. 

The authors therefore, claim to have 
described a saturable high affinity 
binding mechanism whose pharmaco- 
logical specificity suggests that it may 
have some important relation to the 
mode of action of the benzodidzepines 
in whole animal experiments or in man. 
It is also interesting to note that the 
highest density of “H-diazepam binding 
sites was found in the frontal and 
occipital cortex of rat brain, areas not 
known to be enriched in any of the 
known transmitter substances. 

If their hypothesis is correct, and 
caution is certainly still needed in 
extrapolating from these preliminary 
biochemical results, their findings may 
have a fmajor impact on our future 
understanding of the mode of action 
of this class of psychotropic drugs. By 
analogy with the discovery of the 
opiate receptor, the benzodiazepine 
receptor assay may even offer a simple 
means for the discovery of the naturally 
occurring ligand for such receptors— 
the brain’s own anti-anxiety substance? 

Further developments in this field 
will certainly be awaited—-anxiously. 


A hundred years ago 


Ar the last meeting of the French 
Anthropological Society, a long report 
was read which showed that Druidism 
was not quite extinct in Britanny, some 
country people still adhering to Pagan 


practices in spite of the priests’ exer- 
tions. It was noticed that the clergy 
were anxious to destroy menhirs and 
other similar relics. A petition has been 
sent to the ministry to put a stop to this 
iconoclastic zeal. 

Erom Nature, 15 19 April, 539; 1877. 
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SIN and the muon-électron puzzle 


from F. E. Close 


DurmG the past few weeks several 
papers have appeared proposing mechan- 
isms to explain the exotic radiative 
transmutation. of the muon into the elec- 
tron. Although ‘widespread publicity 
in the world press may have led readers 
to think that this ‘forbidden’ decay has 
been seen (hence the sudden flux of 
theoretical. papers) no one involved 
in the experiment at the Swiss Institute 
for Nuclear Rese&rch (SIN) in Zurich 
has Yet claimed to have solid evidence 
for it. Indeed, the group concerned are 
still quoting a limit consistent with no such 
decays at a level of about one part in a 
hundred „million of alle muon decays. 
The rumours, and source of the press 
reports, were that a signal was being 
seen at the level of order one part in 10°. 
However, there are experimental quest- 
ions still to be settled, for example, the 
energy and angular resolutions which 





limit conclusions at present: hence the 


present claim only of a limit. 

Why all the fuss? The reason is that 
for over a quarter of a century the muon 
has remained a mystery. So far as we 
know the Universe could have existed 
without a muon at all, and our everyday 
experiences in such a Universe* would 
have been the same as in the real world 
(apart from esoteric phenomena like 
the pion lifetime). Yet for some reason 
nature is not satisfied with the electron 
and its associated neutrino and has re- 
peated, itself by invoking two more lep- 
tons (the muon and its neutrino). 

The muon is identical to the electron 
in all respects except that it is about 200 
times as massive. The question ‘why 
does the muon weigh? has remained 
unanswered for 30 years. No evidence 
for a new interaction possessed by the 
muon has been found, which would 


Key 
y, photon 


Leptons 
e, electron 
et, positron 
ve, electron neutrino 
Ve, electron antineutrino 
H, muon 
He, Muon neutrino 
He, Muon antineutrino 


Hadrons 
p, proton 
A, lambda 
% pion 
K, kaon 
D°, neutral charmed meson 





explain its darger mass and distinguish 
it from the electron. In all respects the 
muon appears to be simply a heavy 
electron and yet does not decay radiati- 
vely into one. It seams that the muon 
remembers that it is a muon partnered 
with its own neutrino and so 


[LV +(e 7+ Ve) 


occurs but decay modes like p-—~e-y, 
e~ete~ and so on are not seen. A rule 
was therefore invented to dignify these 
observations: muon number (possessed 
only by the muon and its neutrino) is 
conserved in nature. Beyond this little 
or no progress was made. 

Early searches for the radiative decay 
Hey were made and Pontecorvo And 
Hincks found a limit of a few per cent of 
all decays. Over the years this limit 
has been greatly improved and today 
rsh at the level of one part in a hun- 

million. In principle experiments 
currently in progress at SIN in Zurich and 
at TRIUMF in Canada will either see a 
signal or place new limits of order one 
part in a thousand million. There are 
reports of an “experiment planned at 
Los Alamos, New Mexico, which may 
be able to go down to a sensitivity of 
1 part in 10%. 

The dramatic significance of these 
limits may be appreciated when one 
realises that only the known muon decay 
mode pi—>eVvv is a typical weak inter- 
action. Hence one is failing to see p—>ey 
(naively an electromagnetic transition) 
at less than one hundred millionth of 
a weak decay rate (this latter being the 
weakest interaction apart from gravity 
that is known to exist). Hence, if there 
are any undreamt of subtle effects in the 
weak interactions then it may well turn 
out that they will show up first in the 
u-»ey amplitude. 


Gauge theories and massive neutrinos 
The discoveries of charmed particles 
and their intimate relation with the 
gauge theories have painted a clear and 
beautiful picture of nature. An intimate 
deep relation has been noticed between 
the lepton world and the quark world, 
more specifically the (uV,) pair vis à vis 
the (eV.) pair in the leptons on the one 
hand and the charmed-strange quark 
pair vis à vis the up-down quarks in the 
hadron world on the other. In the future 
this may point towards a unification 
of leptons and quarks (or weak-elec- 
tromagnetic and strong interactions!). 
At present it has made theorists think 
again about the role of the muon in 
nature’s scheme—why it exists and why it 
does not decay radiatively into the elec- 
tron. To appreciate these ideas it is 
useful first to describe the salient points 


and weak interactions are the: photo 


of the current theory and then describe 
the new ideas on the application. to the | 
muon and its decays. A 

The carriers of the electromagnetic: 7 





and the W boson respectively, When 
these fields interact with leptons or with: 


quarks they can cause transmutations. : 


only within the left-handed doublets of 


leptons: hg i l and quarks: [a] |s ( 


Quarks d, s with well defined mass- 


(eigenstates of the strong interactions) — 


are linear combinations of the d’ and §’ 


, & 
d’ = d cos@—-s sing 
s” = -d sinO--s cosé. 


It is as if the strong interaction world 
is rotated by a small angle 8 (the Cabibbo © 
angle) relative to that of the weak inter- 
actions. Hence the weak interactions 
can, and do, cause transitions between 
the (ud) quark doublet and the (cs) ü 
doublet? It is by this ‘leakage’ that the 
A beta decay, A—>peV, occurs and by 
which the charmed particles decay 


c->5 ==§ cosĝ-d sin8 
D*(cu)—>K ~(st)x+ 


This mechanism for charmed decay 
is known as the GIM mechanism (see 
Nature 262, 537; 1976) due to S. Glashow, 
J. Iliopoulos and L. Maiani. Is there 
an analogous mixing and GIM mechan- 
ism. for the lepton doublets? In prin- 
ciple the answer is yes, and a consequence 
is that a leakage from muon world to 
electron world can arise leading in par- 
ticular to the radiative decay pey. How 
does this come about ? 

Suppose that the two neutrinos have 
different masses. Then we can define 
Vv, and Vy for the lighter and heavier 
respectively and’ these will play the part 
of the d and s quarks. The partners of 
the electron and muon in weak inter- 
actions will be defined as v, and V, (these 
playing the part of the d’ and s’ quarks). 
Then analogous to the quark system the 
Vem May be orthogonal mf&ktures of 
Vey Vin 

Ve = VLCOS + Vy SIN® 
Va = -Vi SING -- VyCos 


the decay -ey can then proceed for 
instance by the processes 





If the L and H neutrinos have the 
same mass (in particular being both 
massless) then there is exact cancellation 














E N the two and the deeay mode 
vanishes. However, if there is a mass 
- difference then the amplitude is finally 
proportional to ma-ma, scaled by mw, the 
mass of the W boson. 

The W boson is believed to have a 
mass of around 60 GeV. The mass 
difference of the two neutrinos is at 
most some 650 keV (it could even be 
zero) and so the predicted rate can at 
most be 


(u->ey)/(u-all)S 107% 


which is far below the present limits. 


New heavy leptons 

In the light of the above, what price 
“must we pay if the decay were found 
at a level of 1 in 10° or so? This could 
have been accommodated in the above 
arguments if the heavy neutrino has a 

® 

mass of several GeV, far in excess of 
the known limit. Could there be further 
heavy leptons in nature which” could 
help in this respect? There is now good 
evidence for a heavy charged lepton 
t around 2 GeV in mass, probably ac- 
companied by a neutral v.. The latter 
has a mass less than 700 MeV (Perl Phys. 
eLett. 63B, 466) and so cannot be, of use 
in the present context. However, this 
discovery does release one’s inhibitions 
and shows that a whole new spectro- 
scopy of heavy leptons is not necessarily 
absurd. 

If such further heavy leptons indeed 
exist then the p—ey decay can arise 
and several mechanisms have been sug- 
gested. One way is to have right handed 
doublets involving new neutrals and the 
electron or muon. With the massive 
neutrals introduced this way the pre- 
vious game can be played and a size- 
able ->ey decay accommodated. This 
idea has been proposed by T. Cheng 
and L. Li in the USA. An interesting 
<. by-product could arise in connection 
` with the failure to see parity violation 
in atoms. Parity violation occurs if the 
electron (muon) only takes part in left 
handed weak interactions. If the electron 
(muon) now also couple to heavy neutral 
| leptons in the right handed mode, parity 
ean be conserved. (Of course, parity 


a will still be violated in neutron B decay 
as the neutron—proton mass difference 
is so small that only the electron and 


<o its massless left-handed neutrino can 
be produced). Ina similar vein, F. Wilczek 
© and A. Zee of Princeton University 
© have proposed doubly chargede heavy 
leptons to generate the p decay. 
3 Before we’ conclede that the observa- 
= tion of p->ey would force us to deduce 
that heavy leptons exist we should notice 
~ a proposal of J. Bjorken and S. Weinberg 
> of Stanford, California. In the gauge 


=> theories, particles gain masses by coupling 


to scalar fields known as Higgs particles. 
. The coupling of the Higgs particles to 
fermions can generate contributions to 
“weak interaction decay rates. However 


+ 


this is usually ignored since the coupling 


is proportional in strength to the masses 


of the fermions concerned, and the elec- 
tron and muon are very light. In rare 
ahd ultrarare decay processes these 
couplings could turn out te have im- 
portant phenomenological consequences. 
Furthermore, Bjorken and Weinberg 
noted that in the standard Weinberg- 
Salam gauge theogy one can have a 
naturally occurring coupling of a Higgs 
particle, a muon and an electron all at 
one point and hence generating the 
transition p—-ey without extending the 
number of leptons in nature beyond the 
famous four. 

Before the advent of gauge theories an 
observation of pey would have left 
us puzzling as to how to proceed. With 
the great advances of the past few years 
not only do we know how to tackle the 
problem but even have several solutions 
in alivamce of any signal! Perhaps none 
of the models is very suasivious. How- 
ever, if a signal is seen in the current 
experiments then one must take these 
ideas seriously and more impressive 
support for the gauge theories will Nave 
been unearthed. That this will happen in 
the next month or two is many theorists’ 
midsummer night’s dream—but it could 
turn out to be much ado about nothing. 

~ 


Spin waves 
in superfluid “He 
from P. V. E. McClintock 


One of the most intriguing features of 
the recently discovered superfluid 
phases of liquid “He is that in sharp 
contrast to ‘He, the only other super- 
fluid known in nature, they have mag- 
netic properties. It is hardly surprising, 
therefore, that efforts to understand 
superfluid “He have been influenced by 
making comparisons with more con- 
ventional types of magnetic material, 
attempting to explore both the similari- 
ties and the fundamental differences 
in their properties. One characteristic 
feature of ordered magnetic solids is 
that they may support so-called spin 
waves, a form of collective excitation 
among the magnetic elements. The 
possible existence of spin waves in “He 
has consequently been a subject of 
much discussion during the four years 
which have elapsed since the superfluid 
phases were discovered by D. D. 
Osheroff, then working at Cornell Uni- 
versity. It is of particular interest, 
therefore, that Osheroff and his co- 
workers at Bell Laboratories have now 
reported (Phys. Rev. Lett. 38, 134; 
1977) the first experimental observa- 
tion of spin waves in the B phase of 
superfluid “He. 
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The magnetism of ‘liquid ‘He arises 


from the magnetic moments carried 


by the nuclei of the “He atoms. In 
ordinary normal liquid “He in the 
absence of a magnetic field the nuclei 
are so weakly coupled to each other 
that the liquid is completely devoid of 
any overall magnetic order. When the 
liquid is sufficiently cooled, howevey, 
things become very different: the onset 
of long range order at the superfluid 
transition temperature involves the 
orientation of guclear spins in definite 
directions, producing just the sort of 
ordered magnetic structure which 
might be expected "to support spin 
waves. 

In the case of a magnetic metal, one 
of the ‘most convenient ways of 
demonstrating the existence of spin 
waves is through use of a resonance 
technique to excite standing waves in 
a very thin layer of the material. The 
situation is somewhat analogous to the 
more fargiliar one of standing waves 
on a stretched string whose ends are 
fixed in position. Unlike the case of 
the string, however, it is not the posi- 
tion, but rather the direction of the 
spins which is fixed on the boundaries 
of the material and which varies 
coherently through its thickness. Ab- 
sorption of energy takes place for radio 
waves of the right frequency to excite 
a standing spin wave, that is, one such 
that the thickness of the layer of metal 
is equal to an integral number of half- 
wavelengths. Thus, if the rate of ab- 
sorption of electromagnetic radiation 
is measured while its frequency is 
gradually increased, a series of peaks 
will be seen corresponding respectively 
to the fundamental, and higher orders 
of standing spin waves being excited. 

The Bell Laboratories group used 
what in many ways is a very similar 
technique in their search for spin 
waves in Superfluid *He. The combina- 
tion of a strong magnetic field and the 
presence of a solid surface was used to 
fix the spin anisotropy axis n, thus 
defining the directions of the spins at 
the surfaces of a series of thin laminae 
of liquid. These were formed between 


ea set of 20 fused quartz plates each 


about 7X1iimm in area, spaced 
210 um apart. The magnetic field was 
applied in the plane of the plates. 
Under these conditions, although 7 
tries to lie parallel to the magnetic 
field in the bulk liquid between the 
plates, it is compelled to take up a 
different fixed direction where the 
liquid touches the surfaces of the 
plates. The competition between these 
effects causes the direction of n to 
vary smoothly with position in a com- 
pletely determined way between the 
plates. Spin waves consist, therefpre, 
of coherent deviations from this equi- 
librium situation, and may be expected 
to reveal their existence, as in the case 
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of the thin metallic, film, through the 
resonant absorption of electromagnetic 
radiation at particular frequencies de- 
pending, in this case, on the tempera- 
ture and on the magnitude of the 
applied magnetic field. The cell was 
placed in a compressional cooling 
apparatus in which the temperature of 
the liquid was lowered by reducing its 
volume and thus solidifying some of it, 
which was able to reach the so-called 
‘superfluid B phase which is stable 
below its transition temperature at 
about 2mK. 

In the event, a series of striking 
absorption peak$ was indeed found 
approximately at the frequencies pre- 
dicted by theory. Althoygh the peaks 
were broader than ordinary NMR 
resonances in “He, they were quite well 
defined, ,thus eliminating the lurking 
possibility that spin waves in “He might 
be modes which are overdamped and 
therefore unobservable. As the authors 
point out, it is quite possible that the 
observed width of the resonance 
maxima is merely an experimental 
effect arising from small variations in 
the spacing of the quartz plates. The 
change with temperature of the re- 
sonant frequencies turned out quali- 
tatively to be very much in line with 
theoretical expectations. 

The experimental results are not, 
however, in close quantitative’ agree- 
ment with theory. However, although 
the authors’ tentative explanation of 
the discrepancies (typically about 20%) 
may or may not be correct, there 
seems little doubt that they were in- 
deed *observing spin waves. Further 
experimental and theoretical work is 
clearly required, but it seems that spin 
wave resonance has now been added 
to the rapidly growing battery of tech- 
niques available for elucidating the 
dauntingly complicated properties of 
superfluid *He. ia 


Complementary 
genetics 
from M. J. Hebart 


An EMBO Workshop on Comple- 
ment Genetics was held in 
bridge, UK on 18-22 March, 


Cam- 
1977. 
It was organised by Dr P. Lach- 
mann, MRC Group on Mechanisms 
in Tumour Immunity, Cambridge., 





THE genetics of the 
system were 


chromosomally and as a topic of 


complement 


general scientific interest, by the dis-. 


covtries in 1974 by F. H. Allen, 
S. M. Fu and their colleagues that the 
genes coding for Factor B and C2 are 
linked to HLA. This had been fore- 


put on the map, both 





shadowed in 1973 by the work of P. 
Demant and colleagues showing that 
the Ss protein, coded within the H-2 
region of mice, was a complement 
component, subsequently shown by 
several grdlps of workers to be C4. 
The complement system consists of 
at least 18 proteins, including pro- 
enzymes and inhibitors, whose activity 
is usually triggered*by the binding of 
antibody to antigen. It is the major 
humoral effector system for the elimina- 
tion of bacteria and viruses in verte- 
brates and is characterised by complex 
reaction pathways reminiscent of the 
clotting, fibrinolysis and kinin systems. 
There is now good evidence that 
three complement components are 
coded by genes located within the 
HLA region: C2, Factor B and C4. 
The electrophoretic variants of C4 des- 
cribed by P. Teisberg (Ulleval Hosp;tal, 
Oslo) show clear HLA linkage and both 
G. Mauff (Hygiene Institute, Cologne) 
and G. Hauptmann (Institut d’hema- 
tologie et de transfusion sanguine, 
Strasbourg) reported their methods 
which show the same phenomenon 
with rather improved resolution. These 
results confirm the earlier evidence for 
C4 linkage from studies of a deficient 
patient’s family (C. Rittner, Institute 
of Forensic Medicine, Bonn). HLA 
linkage is now firmly established for 
C2 polymorphism (C. Alper, Center 
for Blood Research, Boston). The less 
commoneallele of C2 2C in the nomen- 
clature proposed) was reported by T. 
Meo (Basel Institute for Immunology) 
to be in strong linkage disequilibrium 
with HLA BW15 and HLA CW3. 
Alper also demonstrated ,poly- 
morphism of C8 detected by isoelectric 
focusing and specific functional detec- 
tion by haemolytic assay. There are at 
least three structural variants of C8, 
two of them common. The locus is not 
closely linked to HLA. Two new 
families with C8 deficient members 


were described by N. K. Day (Sloan. 


Kettering Institute, New York) and F. 
Tedesco (Transplantation, Immuno- 
logy and Blood Transfusion Service, 
Milan). In both families, there were 
totally C8 deficient individuals with 
different HLA types, showing that the 
deficiency genes also cannot be close to 
HLA, Furthermore it wds apparent 
that there is difficulty in ascertaining 
the heterozygous deficiency states, 
since in both families, both parents of 
the propositi had C8 levels within the 
normal range. Furthermore Alper 
reported that menebers of a deficient 
family heterozygous for the structural 
variant could nevertheless have low 
C8 levels. This may explain the dis- 
crepancy between these reports and that 
of Merritt et al. (Third International 
Workshop on Human Gene Mapping. 
Birth Defects XU (7) 331, The 
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National Foundation, New York, 1976) — 
which claimed HLA linkage for. ceo 
defitiency. 5 
D. Glass (Robert B. Brigham. Hose 
pital, Boston) presented a large set 
of carefully measured cases of hete 
zygous C2 deficiency. There seems 














be a significant association 
juvenile rheumatoid arthritis 
systemic lupus erythematosu 


these patients. J. Soothill (Institut 
Child Health, London) and J. Mow 
bray (St. Mary’s Hospital, London) - T 
have evidence that there is an increased - 
incidence of heterozygous C2 deens 
in infantile asthma and eczma. How- | 
ever, it was pointed out in discussion > : 
that apparently high recombination | 
frequency between C2 and HLA 
observed by Glass is probably due to 
ascertainment errors inhefent in meas _ 
suring complement levels. 3 
C3, C4, C5 and C8 are known to ye | 
composed of more than one poly- | 
peptide chain, but in no case is there - 
any evidence that more than one locus 
is involved in coding for the observed 
polymorphisms. A possible explanation 
for this phenomenon is given by pre-e 
liminary experiments of H. Colen 
(Children’s Hospital Boston) and his — 
colleagues (reported by Alper) They — 
have shown that both C4 and C3 a 
obtained from cell-free synthesis by 
immunoprecipitation occur as larger 
than expected chains. Their suggested . 
interpretation of this result is that C3 
and C4 (and, by analogy, perhaps C5 
and C8) are synthesised as single poly- — 
peptide chains which are cleaved before - 
secretion, rather like insulin. Only one 
cistron will then be involved in coding 
for the whole molecule and all markers 
will be alleles, irrespective of the chain- 
on which they are found. Since there 
are now some 20 variants of C3, all of- 
them apparently alleles, this view has 
its attractions. Some similar comble 2 
ment compongnts seem to be the pro- 
ducts of tandem duplicated genes. This 
is the case with C2 and Factor B.. 
Both are linked to HLA in the same 
subregion and with no crossovers 
indentified between them. Both are 
single polypeptide chains, heat- Jabile a 










ting enzyme. C6 and C7 are consecu- Be 
tively acting components and are both 3 
single polypeptide chains. They con - : 
close linkage to each other as demon- ` 
strated by allotyping (M, J. Hobart, 
MRC Group on Mechanisms in 
Tumour Immunity, Cambridge). Al- - 
though C3, C4 and C5 are similar, C4 ` 
is linked to HLA but the other two 
components are not. If these molecules 
are the products of related genes, then 
they have been duplicated by processes 
other than (or additional to) tandem 
duplication. 

A remarkable case of combined 





subtotal deficiency of C6 an& C7 was 
reported by P. J. Lachmann (MRC 
Group on Mechanisms in Tunfour 
Immunity, Cambridge). The proband 
is in good health. The deficiencies of 
both components segregate together in 
the grandchildren, which is to be 
expected if the structural genes for 
both proteins are involved, since they 
are closely linked. Trace C6 and C7 
activity appear in the proband’s serum 
in the same pattern of bands, different 
from either normal C6 or C7 when 
separated by isoelectric focusing. An 
interesting speculation is that this may 
be the result of a ‘Lepore’ fusion of 
-C6 and C7 genes. 

At times the Workshop veered 
from the strict limits of complement 
genetics, Alper and F. S. Rosen 
(Children’s Hospital, Boston) presented 
evidence that C3 nephritic factor is an 
IgG, on the basis of functional “detec- 
tion of clonal electrophoretic variants 
and on the transmission of such a clone 
across the placenta. A. Ferreira (New 
York University) described a new C4- 
binding protein in mice, the molecular 
esssociation giving the appearance of 
H-2 linkage. Since more than Half of 
the known complement components 
now have genetic markers, new com- 
ponents are needed if healthy growth 
of the topic is to be maintained! [0 


Progress in 
coronaviruses 


from David J. Garves 





A symposium on Human and 
Animal Coronaviruses was held at 
the Agricultural Research Council 
Institute for Research on Animal 
Diseases, Compton UK on 24-25 
March, 1977, and was organised by 
Professor A. P. Waterson, Royal 
Postgraduate Medical School, Lon- 
don, and Dr D. J. Garves, Compton. 





THe Coronaviridae comprise a family 
of morphologically similar viruses 
that cause a wide variety of diseases in 
man and other animals. Following the 
recognition of coronaviruses as a 
distinct taxonomic group in 1968 (see 
Nature 220, 650), with virus particles 
having a peripheral halo in negatively 
stained preparations, the number of 
viruses classified in the group and our 
knowledge of their characteristics has 
greatly increased. There are still large 
gaps in our understanding of the diag- 
nosis, pathogenesis, structure and sero- 
logy of this econemically and, poten- 
tially, medically important group and 
attempts were made to fill these gaps 


at the symposium. . 

Recent reports of coronavirus-like 
particles in samples from human and 
eguine enteritis, human nephropathy 
and feline infectious peritonitis have 
raised the problem of whith criteria 
should be used to identify a corona- 
virus. It has been found that corona- 
viruses are difficult to establish in cell 
culture and for this reason morphology 
of the virus particle provides the major 
distinguishing feature. J. Almeida 
(Wellcome Research Laboratories) and 
R. Bingham (Royal (Dick) School of 
Veterinary Studies, Edinburgh) 
reported new evidence for the morph- 
ology and structure of the internal 
component of avian infectious bron- 
chitis virus. They showed electron 
micrographs of virus particles within 
which flask-shaped structures could be 
seen, the mouth of the ‘flask’ appear- 
ing to open at the outer membrane of 
the virus. Whether these structures are 
present in other coronaviruses and 
what relation they have to the organi- 
sation of the genetic material has wet 
to be determined. 

Recent studies on the polypeptide 
structures of human and animal 
coronaviruses have shown that, while 
the number and size ofsthe structural 
proteins vary between members of the 
family, some similar features can be 
seen. The polypeptide profiles may 
provide a method to distinguish rela- 
tionships within the coronaviruses and 
in this context the apparent similarity 
between the polyacrylamide gel pat- 
terns for avian infectious bronchitis 
virus (M. R. Macnaughton, Clinical 
Research Centre, London) and calf 
diarrhoea coronaviruses (J. Laporte, 
Thiverval-Grignon, France) was of 
interest. 

The genome of avian and porcine 
coronaviruses has been shown to com- 
prise single-stranded RNA but whether 
this has a messenger role, as in on- 
cornaviruses and enteroviruses, or is a 
complementary strand, as in paramyxo- 
viruses, has not been determined. Our 
understanding of the strategy of the 
coronavirus genome is greater, how- 
ever, following the reports of Mac- 
naughton and D. H. Pocock (ARC, 
Comfton) that avian and porcine 
coronavirus’ RNA contains poly- 
adenylic acid tracts. This evidence 
strongly suggests that the RNA has a 
messenger function and is yet another 
feature, together with virion mor- 
phology and the genome size, that 
coronaviruses have is common with the 
RNA tumour viruses. Bingham 
reported, however, that attempts to 
detect a reverse transcriptase in avian 
infectious bronchitis virus have proved 
unsuccessful, in line with the evidence 
from inhibitor studies suggesting that 
coronavirus replication does not pro- 
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ceed by way of DNA. 

D. J. Alexander (Central Veterinary 
Laboratory, Weybridge) reported on 
the finding of long term infection of 
chickens with infectious bronchitis 
virus and these results, together with 
the evidence of chronic infection of 
mice with hepatitis virus and the car- 
rier status of pigs with transmissible 
gastroenteritis, prompted K. McIntosh 
(University of Colorado, Denver) to 
suggest that future work on the human 
respiratory coronaviruses should con- 
sider implications of inapparent, 
chronic infections. It, is possible that 
Balkan endemic nephropathy may 
result from such an infection, as K. 
Apostolow (Royal Postgraduate Medical 
School, London) reported a possible 
serological relationship between this 
disease and a human re&piratory 
coronavirus. 

Coronavirus serology is confused at 
the moment, with cross reactions being 
detected between human, bovine, 
murine and porcine viruses. The sero- 
logical relationship between porcine 
transmissible gastroenteritis virus and 
a canine enteric virus is strong and 
D. J. Reynolds, (Compton) also pre- 
sented evidence of antibodies to trans- 
missible gastroenteritis in cats. It is 
possible that the agent in the cat re- 
sponsible for the very high antibody 
levels may be associated with’ feline 
infectious peritonitis, a possible corona- 
virus whose morphology and physico- 
chemical properties were presented by 
A. Osterhaus (Utrecht, Netherlands). 
The morphology of the purified, par- 
ticles was not characteristic of other 
coronaviruses and whether this was due 
to degradation or a different surface 
projection structure is not known. The 
agent of feline infectious peritonitis 
demonstrated the problem caused by 
the fact that coronavirus identification 
rests principally on the shape of the 
surface projection. It was generally 
agreed that other features including 
virus structure, the characteristics of 
the genome and the mode of replica- 
tion within the cell needed to be 
“determined before any virus could be 
assigned to the Coronaviridae, although 
this information is not known for some 
well accepted coronaviruses. Similarly, 
more data would be required before 
any meaningful subdivisions, such as 
separating the avian from the mam- 
malian members, could be made within 
the Family. 

In the field of coronavirus disease 
control there seemed to be doubtful cor- 
relation between antibody levels in 
serum and secretions and resistance to 
infection. It was recommended that 
more effort should go into investigat- 
ing cellular and humoral aspects of 
immunity to diseases caused by 
coronaviruses. C 
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The character of intrinsic pulse period changes in X-ray 
pulsars supports ‘the now conventional model for these 
sources, wherein the X- -ray "luminosity is derived from the 
accretion of matter on to a rotating, magnetised compact 
object, probably a neutron star, and the pulse pegiod changes 
are caused by its interaction with the accreting matter. 





+ 
AT least nine galactic X-ray sources are known to emit regularly 
pulsed X rays’. It is widely believed that the compact objects in 
these binary X-ray pulsar systems are rotating, magnetised 
neutron stars*. Black holes are eliminated as candidates for these 
objects because of the existence of periodic pulsations. One or 
more of the following arguments tend to rule against white 
dwarfs as the compact objects in at least seven of these systems: 
(1) the pulse period is too short to be a plausible surface rotation 
period of a white dwarf (see, e.g. ref. 3); (2) the observed X-ray 
luminosity is larger than the ma%imum luminosity of ~ 1035-36 
erg s~' that has been predicted by some theoretical models of 
accreting white dwarfs*®; or (3) the mass is probably above the 
Chandrasekhar limiting mass (see, for example, ref. 6)° 
* Another means of distinguishing between white dwarf and 
neutron star models is through an analysis of the rates of change 
of the intrinsic pulse periods. As matter is accreted on to the 
compact star, torques are exerted that will tend to spin it up or 
down. The time required for accretion torques to spin up a 
white dwarf will, in general, be considerably longer than for a 
neutron star. We show here that the observed characteristic 
spin-up timescales for seven X-ray pulsars strongly support the 
view that in every source (1) the pulse period reflects the rotation 
eperiod of a compact object (2), the accretion is mediated by a 
disk surrounding the compact object and rotating in the same 
sense, and (3) the compact object is a neutron star rather than a 
white dwarf. 
Theory 
In the accretion picture of pulsating X-raysources, material from 
an overflow of the critical potential lobe of the companion or 
from a stellar wind is accreted toward the compact star in 
nearly Keplerian trajectories. If the net specific angular momen- 
tum of the accreting matter is too large to allow direct accretion 
on to the compact object, then matter will accumulate until an 
accretion disk forms and permits the outward transport of 
angular momentum through viscous forces. Ultimately, the 
‘matter reaches the Alfvén surface: the surface where the mag- 
netic field of the compact object first dominates the particle 
dynamics, and where the matter will be forced to nearly co-rotate s 
with the rotating compact star, provided that the circular * 
Keplerian orBital velocity at the Alfvén surface exceeds the 
corotation velocity Qr,. Here, Q is the magnitude of the vector 
angular velocity Q of the compact star and r, is the characteristic 
radius of the Alfvén surface. An approximate relation’’* 
between the Alfvén radius and the parameters of the accreting 
matter and compact object is given by 


‘Accretion torques in X-ray pulsars 
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u, M, R and F are the magnetic moment, mass, radius aad 


luminosity of the X-ray star, respectively. The quantity & | 
represents the fractional solid angle subtended at the compact = 
star by the infalling matter at the Alfvén surface, and VeVi IS 
the ratio of the average radial infall velocity of a particle to its 
free-fall velocity just outside the Alfvén surface. 

In the accretion process, angular momentum is transferred t® 
the X-ray star and its rotation period will change. The Xray 
pulsations result from the rotation of the compact object, and — 


the fractional rate of change of the pulse period, P = ki 
can be expressed as?" 

P_ M[{MA _ _h\ a 

P M\IdM h] Q 


I is the moment of inertia of the compact object, and hy handa. 
are the component of the specific angular momentum paralleli 
to Q of the material crossing the Alfvén surface, the specific - 
angular mognentum of the X-ray star, and the external (viscous | 
and magnetic) torques acting on the X-ray star just above the _ 
Alfvén surface, respectively. If the accreting matter counter- 
rotates with respect to Q, then A, < 0 and the second term in- 
brackets in equation (2) tends to increase P/P (that i is, tends to 
spin down the compact object). The first term in brackets is, in- 
general, small compared to the second term for the case of | a 


white dwarf or neutron star with y, > R, provided that ‘an 


accretion disk exists. The maximum spin-up or spin-down rate 
will occur when the external torques are small, which is expected 
if the circular Keplerian orbital velocity at r a exceeds Qr, (ref G 

It is instructive to compare the maximum spin-up rate. 
those measured for the X-ray pulsars. The relation PIP 
_ (MJM ) (ha/h) can be expressed’ in terms of the parameter: 
the compact star and the luminosity: . 
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where 
combined with (1), the relation becomes 
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R, is the radius of gyration of the X-ray star. When _ 
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For simplicity, we write this as . 
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where the dimensionless function, f, is expected to be of order 
unity for a neutron star and contains parameters that are not yet 
measurable for most or all of the X-ray pulsar systems. 


Y 


Observational information 


certain; if any of these identifications proves to be erroneous, 
the corresponding distance estimate would, of course, be 
anvalid. 

The pulse period for Hercules X-1 observed with the SAS-3 
satellite in 1975 July was 1.2378082 -Ł+0.0000001 s (ref. 10). 
This period determination, coupled with Uhuru measure- 
ments!! covering the interval 1971 December-1973 March, 
yield P/P = (340.5) x 10 yr ~t Over shorter time intervals, 


Fig. 1 The empirical relation between the fractional rate of change 
of the pulse period and the parameter (pulse period , x 

luminosity®’7) for eight binary X-ray pulsars. The units of P/P, 
Pand ¥ are yr, sand 10% erg s~}, respectively. The solid line is 
the best fit to a power law with logarithmic slope 1.0. The data 
point for Her X-1 and the upper limit for 3U0352-+ 30 were ex- 
cluded from the fit. In all cases, we have assumed that the pro- 
posed optical identifications are correct (see text)e The good 
agreement with equation (5) for f œ 1 (see text) lends credence to 
the presently conventional model of X-ray pulsars as rotating, 
magnetised, neutron stars that are undergoing accretion. The 
dashed line is the expected relation for ~1 Me white dwarfs 


(see text). 
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sporadic intervals „of spin-down, together with the small 
average value of |P/P|, are indicative of a near balance be- 
tween spinup and spindown for this source’, Hence, external 
torques are probably important in this system. The theoretical 
interpretation of the short-term fluctuations in P/P has been 
discuss¢d previously!?. The luminosity of Her X-1, taken from 
ref, 13 (where the distance is estimated to be in the range 
26 kpc), is ~ 1x10% erg s~'. We assume here that a nearly 
constant X-ray luminosity persists throughout the 35-d cycle 
of the source (see, e.g., refs 13, 14). . 

The pulse period for 3U0900-40 was measured with SAS-3 
in 1975 June-July to be P = 282.8916+-0.0002 s (ref. 6). 


(—1,.0--0.3)x 107% yr~'. The details of the latter SAS-3 
observation will be presented elsewhere. Because only two data 
points were used to determine P/P, we cannot estimate the 
magnitude of short-term fluctuations in this quantity (compare 
with the discussions of Her X-1 and Cen X-3), and we therefore 
assign a somewhat larger uncertainty to P/P than its formal 
error. We adopt a value of ~ 1 x 10°% erg s~“ for the average 
luminosity ef 3U0900-40 (ref. 15). ° 

Ariel V measurements’? of the Centaurus X-3 pulse period 
in 1975 January (4.83704 +0.00004 s) can be combined with 
Uhuru, data’? covering 1971 January—1972 December, to 
yield P/P = (— 2.8 +0.4) x 10yr, The luminosity is taken 
to be ~ 5x 107 ergs™ (ref. 18). Cen X-3 is also observed to 
undergo brief iatervals of spin-down on shorter timescales”. 

The pulse period of 3U0352--30 (P = 835.6 s) has been 
measured on at least six separate occasions during a 4-yr 
interval with the Copernicus!® and SAS-3 (unpublished SAS-3 
data, J. G. Jernigan) satellites, and has remained constant 
toxabout 1 part in 1.510%, It is possible that a somewhat 
larger secular change in the intrinsic pulse period has been 
fortuitously cancelled during these observations by orbital 
motion, but we regard this as highly unlikely. A lurrfinosity 
of ~ 4 108% ergs~! is derived from the inferred distance of 


~5x10* ergs. 

The X-ray pulsations from ©X301-2 have been studied on 
five separate occasions by the Ariel V, SAS-3, and OSO-8 
satellites during 1975 January-1976 February. In 1975 January 
the pulse period was 699.3 +-0.5 s (ref. 23). During the interval 
1975 July 18-25 the pulse period ranged from 699.9 to 700.5 
(+ ~0.2)s (ref. 24). By 1975 December the pulse period had 
decreased to 696.4 -+-0.4s (refs 23, 25) and it was observed to 
be nearly the same jn 1976 January**. Thus, the pulse period 
remained the same to within ~ 1 s for ~0.5 yr after its discovery, 
after which it decreased by ~4s during the next ~0.5 yr. To 
explain this change in pulse period by orbital Doppler shifts, 
a minimum projected orbital velocity of ¥,sin i ~ 800 km s~? 
is required. This source has been identifed with the Be star 
Wray 977 (refs 26, 27); the suggested orbital period is ~ 20d 
(ref. 28) which, if verified, would yield a mass function of 
f(M)z 108 Mo for v, sin i 2 800 km s~!, Hence, it is highly 
probable that the observed long-term period changes are 
mainly intrinsic rather than orbital. We conclude that P/P = 
(0.8 £0.3)* 107-2 yr. The luminosity is ~ 3x 10% erg s? 
for a source distance of ~ 2 kpe (ref. 26). a 

The periodic nature of the X-ray emission from GX1+44 
was discovered in 1970 October during an MIT balloon obser- 
vation”. The pulse period at that time was 135-4 (W. H. G. 
Lewin, personal communication). The pulse period was sub- 
sequently measured with the Copernicus satellite? in 1972 
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September (P = 130 +0.4 s, aliased by the sampling time 
of the instrument?*), and with the SAS-3 satellite?’ in 1975 
December (P = 121.370+-0.005 s). The pulse period was also 
measured with the OSO-8 satellite?! on two occasions: 1975 


~ 4x 10° ergs~!, based on the tentative identification of an 
M giant star** at ~ 10 kpc as the optical companion (and on its 
probable proximity, in any event, to the galactic centre). 

When pulsations were first discovered?! from the transient 
source A0535+26 on 1975 April 28, the pulse period was 
 104.17+0.09s (G. K.” Skinner, personal communication). 
‘The period was determined about 1 month later to be 103.828 $ 
(ref. 35). We attsibute this substantial difference to a change 
in ¢he intrinsic pulse period. If this is the case, then P/P = 
(--3.5+0.9) x 10-*yr~ during 1975 May. Subsequent smaller 
changes in the pulse pefiod have been attributed largely to 
orbital motion®*, The source has been tentatively identified 
with the Bpe star HDE 245770 (ref. 37). If we take the distance of 
this soufce to be in the range ~ 1.5 kpe (J. Hutchings, personal 
communication) to ~ 5 kpc (ref, 37), then the average luminosity 
during 1976 May was ~ 6x 10% erg s™, 

The quantities P/P and PLS for the above sources are dis- 
playedin Fig. 1. Spin-up is observed in all cases (that is, theaver- 
age value of P/P is negative), indicating that the accreting matter 
generally rotates in the same sense as the compact object (see 
equation (2)). A log—log plot of relation (5) has slope 1.0 and an 
intercept at log (—P/P) = ~4.5+log f. Superimposed on the 
data points in Fig. 1 is a best-fit straight line with slope 1.0. 
The data for Her X-1 were excluded in the fit because of the 
apparent balance between spin-up and spin-down and ethe 
resultant possibility that appreciable external torques are 


present in this source. In view of the probable fluctuations in f 


from Source to source, the fit is quite good. This result strongly 
indicates that the second term in parentheses in equation (2) 
dominates the first term, and that accretion disks are therefore 
present in these sources. In at last two theoretical studies?*:», 
the existence of an accretion disk in some binary X-ray sources 
had been called into question. 

The measured intercept of the straight line on Fig. 1 is 
~4.6+0.4 (20), in good agreement with equation (5) for 
f = 1. Thus, the observationally determined average value of 
fis 0.3 $ fovs S 2. 


Discussion and conclusions 


For the case where the X-ray star is a rotating white dwarf, 
the value of f is much smaller than for a neutron star. The 
radius and radius of gyration of a white dwarf are ~ 10° cm, 
while the magnetic moment is 


3 


a A Gem, 


10°G /\ 10% cen 


u = 1x 104 
where B is the surface magnetic field and R is the white dwarf 
radius. Therefore, we estimate from equation (4) that for a 
white dwarf f ~ 0.003, which is well outside the observationally 
determined range. 

It has been suggested that the short-period (P < 10s) 
X-ray pulsars may be white dwarfs that are undergoing accre- 
tion and are vibrating in a nonradial mode that is excited by the 
nuclear burning of the accreted matter. In this model, the 
pulse period is equal to the vibration period of the white dwarf. 
The model cannot account for the long-period pulsars 
(P > 100s), however, since the vibration period of a white 
dwarf cannot be sufficiently long unless its mass were im- 
plausibly small ($ 0.1 Ms). Thus, if the short-period pulsars 
are actually white dwarfs, then the strong correlation between 
P/P and PZS” on Fig. | must be fortuitous. 

The experimentally determined range of values for f is 
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+ 
consistent with the estimated values of neutron star parameters 
(that is, M ~ IMs, Ra~ R ~ 10°cm, and surface magnetic 
field B = u/R? ~ 10!? G). Because these parameters appear in 
the function f with widely varying exponents (see equation (4)), 
the constraints that one can lace on the parameters differ 


greatly. The magnetic field can range from ~ 10" to ~ 100G 


and the parameter (Ẹv,/ve) can rarfge over ~4 orders of 
magnitude without significantly affecting our determination 
of f. The mass and radius, however, should lie within a factor 
of ~2 of the nominal values for neutron stars suggested above. 


The best-fit straight line in Fig. 1 can be used to predict the | 


relationship among pulse period, spinup or spindown rate, 


and luminosity of any additional X-ray pulsars. For example, 
if a new X-ray pulsar is discovered and P/P is measured, the 
intrinsic X-ray luminosity of the source can be estimated 
(unless there are other complications, as in the case of Her 


X-1) and its distance may then be inferred to within a factor of 
~ 2. Conversely, if the pulse period and X-ray luminosity 


are known, |P/P| may be estimated. We note in this regard | 


that if the existence of 32-min X-ray pulsations in GX17-~-2 
(ref. 19) is confirmed, and if this period represents the rotation 
period of a neutron star, then |P/P| should be ~ 0.7 yr}, 
Thus, at the present time the pulse period of GX17-+2 should 
be about one-half its previously reported value, but the spin-up 
or spin-down timescale of this source would then be consider- 
ably shorter than its known lifetime (210 yr). This result 
tends to rule against a rotational origin for the pulsations in 
this source. Similarly, if the 4.8 h period in Cyg X-3 is inter- 
preted® as the rotation period of a neutron star, then |P/Pp 
should be ~2 y~1!. The measured limit for |P/P! in Cyg X-3 
is £10 yr! (ref. 42). Thus, it seems very likely that the 
4.8-h periodicity is orbital rather than rotational in origin’, 
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Convection concentrates magnetic flux into ropes between 
granules in the solar photosphere, with average fields of up to 
1500 G. The magnetic energy density is locally much 
greater than the kinetic energy densit y. Theaqretigal limits 

to the amplification of magnetic fields by convection are 
analysed and related to the observations. 





Hicu resolution, ground based observations have recently 
revealed the presence of very strong, small scale magnetic 
fields in the solar photosphere!:*. More than 90%, of the total 
magnetic flux, outside pores and sunspots, that emerges from 
the sun is confined to ropes that are only a few hundred kilo- 
metres across!, with typical fluxes estimated to be less than. 
5 x 10° Wb (ref. 3). Estimates of the field strength vary from 
1,000 to 2,000 G: the only direct measurement of Zeeman 
splitting, in an infrared line, indicates a field between 1,200 and 
1,700 G (ref. 2). These magnetic features are closely associated 
with the cellular convection pattern seen as photospheric 
granulation. They can be studied indirectly by observing the 
solar filigree‘ and small scale photospheric faculae*. The 
filigree is composed of bright points and elongated crinkles, 
which lie in the dark lanes between granules and are moved 
about by granular convection; moreover, the® lifetime of 
individual features (about 10 min) is similar to the typical 
lifetime of a granule’. 

In a highly conducting plasma, magnetic flux is inevitably 
swept aside by horizontal motions, and concentrated into 
vertical ropes at the edges of convective cells, especially at 
the corners where several cells meet. The kinematic amplification 
of weak magnetic fields* is limited by ohmic diffusion but 
stronger fields exert forces which impede the concentration®™*. 
= There is, however, no adequate theory to describe the dynamic 
_ interaction between magnetic fields and convection in the Sun. 
Traditionally it has been supposed that flux concentration is 
“halted when equipartition between the local magnetic energy 
-density ang the kinetic energy density has been achieved. So the 
> field strefigth B should be limited by the equipartition field Be = 
- (ppU?}, where p is the density and U the local maximum 
speed of convection. In the sun Be rises from about 200 G at 
=o the photosphere to 600 G at 1,000 km depth. Hence the equipart- 
ition limit is exceeded by the observed magnetic fields. 
<o. There is an obvious upper bound to the average field strength 
within a flux rope, for the field is contained by the external 
 pressure®. Clearly the field at the boundary cannot exceed the 











=o stronger on the axis of the tube but in a small flux rope the 
: field is nearly vertical and so the average field strength B 
cannot appreciably exceed B,. (If B increases with depth the 
. field observed at the centre of the tube may be larger, owing 
to the greater transparency associated with the Wilson depres- 
gion.) At the photosphere B, ~ 1,600 G and B apparently 














attains this value. But B, increases gapidly with depth in the 
convective zone: at 1,000 km depth B, œ 104 G, at 10,000 km 
B, ~ 4 x 10°G and at 100,000 km B, ~ 10¢G. 

Thus the small scale magnetic fields pose several theoretical 
problems. How are they formed and maintained? What limits 
the field strength? And, in particular, can the field reach values 
of 10° G at the base of the Sun’s convective zone? 

There are two distinct mechanisms for amplifying the field. 
The first relies on inhibition of convection by the magnetic 
field, and the consequent cooling of photospheric gas until 
thermal and dynamical equilibrium is achieved'®"', In the 
second, flux is concentrated by the motion until the Lorentz 
force is strong enough to halt the amplification of the field. 
Both processes must be included in a full treatment of the 
dynamic interaction between magnetic fields and convection. 
We shall show that the equipartition limit is irrelevant and 
that the maximum field strength that can be produced by flux 
concentration in the Sun is tYpically an order of magnitude 
higher than Be. Near the photosphere, the field is limited by B, 
and cooling is important. Deeper down, the magnetic pressure 
remains small compared with the gas pressure, though fields of 
the order 10’ G can be maintained. ? 


The equipartition limit ° 

The principal argument advanced to support the equipartition 
limit is that flux concentration can only proceed while the 
magnetic pressure is less than the dynamic pressure of the 
motion. If the density and temperature within the flux rope 
are equal to their mean values in the convecting layer outside it 
then the magnetic pressure mus? be contained by an excess gas 
pressure around the flux tube, and fluctuations in the external 
pressure should be comparable with 4pU?, Hence B < Be. 
This argument fails, however, if gas can flow downwards along 
the lines of force, evacuating the flux tube and reducing the 
internal pressure. Owing to the rapid increase of density with 
depth in the Sun, the displaced material can easily be accom- 
modated and so the enly limit is set by Bp. 

Observations show a downward flow associated with small 
scale magnetic fields. In the photosphere the greatest measured 
velocity is 2 km s~! and apparently the velocity decreases with 
height (ref. 2). The equipartition argument can be adapted for 
this flow; Parker!? has investigated various models with fields 
that are locally enhanced by motion along the lines of force but 
they are never increased by more than the equipartition field, 
which is only 400 G. Moreover, for steady flow along a flux 
tube the downward velocity should increase with height, 
contrary to the observations. It seems likely that the downflow 
is a transient effect, associated with the evacuation of the flux 
tube as it is formed, rather than a permanens feature of an 
equilibrium configuration. 


The thermal mechanism 


Biermann’s’ explanation of sunspots invokes the inhibition of 
convection by a strong magnetic field. Concentration of 
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magnetic flux reduces the convective energy transport and the 
photospheric temper&ture falls since there is less energy to 
radiate. Cooling+ proceeds, and the superadiabatic gradient 
increases, until there is a balance between the reduced energy 
flux and emission from the photosphere, as well as dynamic 
equilibrium within the sunspot. This final equilibrium isglocally 
stable}, 

This mechanism suggests that a weak uniform field might be’ 
thermally unstable: slight condensations would have lower 
temperatures and pressures, and therefore be liable to further 
collapse. A field free gas, however, is not liable to sudden 
condensations. The gas will remain stable unless the magnetic 
field exceeds some critical value and its effect on convective 
transport has become significant. The measured magnetic flux 
through the solar photosphere corresponds to an average field 
that is too small te produce this instability. The configuration 
is metastable and the field must be concentrated to rather greater 
strengths (for examiple, by Supergranular convection) before 
any thermal instability car proteed. 

There is another stabilising effect. The temperature rises 
beneath any obstacle that blocks the heat flux: hence a local 
condensation that increases the magnetic field sufficiently to 
impede convection tends to enhance the thermal as well as the 
magnetic pressure’, At the level where heat flux is diverted 
convection must produce additional pressures sufficient. to 
contain any resulting increase of the total pressure in the flux 
concentration. Since the kinetic energy increases with depth, 
so that B. reaches about 10’ G at the base of fhe convective 
zone, it is quite possible to form fields of several thousand 
gauss in flux ropes that extend deep into the Sun. 

These arguments apply to the formation of sunspots, which 
are large compared with the scale of granular convection. 
For flux ropes that are small compared with granules, the 
thermal mechanism cannot consistently be separated from the 
effect of the convective motion. Slender flux tubes are heated 
laterall¥*, with a consequent reduction in the temperature 
deficit, and it is unlikely that the thermal instability will grow 
faster than the rate at which flux is swept across the*cell. At 
greater depths, where the flux rope is approximately in thermal 
equilibrium with its surroundings, the thermal mechanism 
cannot function. 

The normal photospheric temperature of the Sun is about 
6,000 K and a small flux tube may be about 500 K cooler than 
its surroundings", If the magnetic pressure nearly balances the 
external pressure then the flux tube must be almost completely 
evacuated. Below the surface, lateral heating is less important 
and the temperature difference can increase. Ropes are formed 
as flux is brought together by°granular convection? 3, giving 
fields of order B,, which cause a slight reduction of convective 
transport in the ropes. The resultant cooling marginally 
decreases the internal gas pressure. On the axis of a tube, gas 
is no longer supported by the pressure gradient and therefore 
falls. The density drops and the tube is squeezed by the external 
pressure until some equilibrium is reached. A proper description 
of this process requires a theory of energy transport in the 
flux tube. We shall instead assume that the density and tempera- 
ture within the tube adjust themselves to maintain a pressure 
balance and seek limits to the fields that can be supported by 
external convection, 


Flux concentration by convection 


Busse pointed out that laminar convection is dominated by 
diffusive effects and that the extent to which fields are amplified 
depends on the relative rates of ohmic, viscous and thermal 
dissipation. In a Boussinesq fluid (such as a liquid or a shallow 
layer of gas) the pressure does not enter the equation of state 
and can be elimmated from the mathematical description of the 
problem. The equipartition argument, which depends on 
balagcing different contributions to the total pressure, is 
therefore irrelevant. The governing equations are nonlinear and 
must be solved on a computer’, Several simple configurations 
have been studied systematically in a series of numerical 
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experiments. In these computations two-dimensional??-18 or 
axisymmetric! solutions were obtained for convection between 
free boundaries in a flwid of electrical conductivity o and 
kinematic viscosity v, in the presence of an imposed vertical 
magnetic field of average strength B,. The general. behaviour 
of these results, which is similar for each configuration, is 
summarised in Fig. 1. : 
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Fig. 1 Amplification of the magnetic field by axisymmetric 

convection: logarithmic plot of the peak field B* as a function 

of the average field B,. Magnetic fields are measured in terms 

of the field Bom at which B* reaches its maximum value By. 

On the broken line B* = B, For this particular run v/n = 10, 

Bn / Bom = 900 and the magnetic field suppresses convection 
for By/By, 22 100. 


When the imposed field B, is weak the magnetic forces ' 


cannot affect the motion. In a steady state the field is amplified — 
kinematically® and the peak field B* is proportional to By. 
As 8, is increased, the Lorentz force becomes significant and 
the convective velocity is reduced. The amplified field B* 
reaches a maximum, Bm, when its dynamical effect is important, 
In this regime the field is confined to ropes, either at the centre 
or at the edge of the convective cell, and convection is almost 
entirely excluded from these ropes. An axisymmetric example 
is shown in Kig. 2: the flux is concentrated at the centre of the 
cell, which is stagnant, and the convective eddy occupies a 
toroidal region that encloses the flux rope. This dynamic regime 
can be successfully analysed and quantitatively understood in 


terms of a simple physical model!®. For higher values of B} 


the amplification drops, at first gradually and then more 
rapidly, and B* decreases until convection is completely sup- 
pressed, whereafter B* = By. ; 2 

In the kinematic regime the work done in containing the 
magnetic field is small, and the motion is limited by viscous 
friction. Obviously, kinematic amplification cannot continue 


after ohmic dissipation has become important. In all the model 


calculations the transition from the kinematic to the dynamic. 
regime occurs when, or shortly before, the rate of ohmic 
dissipation in the flux tube becomes comparable withethe rate 
of viscous dissipation in the convecting region. The maximum 
field B, can therefore be estimated by equating these two 
dissipation rates. For higher values of By, well into the dynamic 
regime, viscous losses are relatively small and the rate of working 
by the buoyancy force is balanced by work done in keeping the 
magnetic field within the flux rope. With sultably Chosen para- 
meters the field B* > B., though global equipartition (between 


the total magnetic and kinetic energies) occurs only at a value 


of By greater than that corresponding to Bm. 

In three-dimensional flow, flux ropes are formed either at 
the centre of a cell (as illustrated in Fig. 2) or at a corner where 
several cells meet. The maximum magnetic field can be estimated 
from a very simple argument. Consider a cell of depth d and 
similar horizontal dimensions, and suppose that the flux rope 
has a radius ô < d. The ohmic dissipation per unit volume in the 









Fig. 2 Thermal convection in a magnetic field: formation of a 
flux rope in the dynamic regime. Steady solution for axisymmetric 
flow in a cylindrical cell with free boundaries. a, Lines of force 
of the magnetic field (equally spaced contours of the Stokes 
flux function); 6, streamlines (contours of the Stokes stream 
function): c, isotherms, in a meridional plane. The flow is 
‘upward around the periphery of the cell and flux is concentrated 
into an almost stagnant region near the axis. 


© flux rope is /?/o, where / is the current density, and the total 
> ohmic dissipation rate is * 


4  p*? i B*?d, 
(2) ôd -( 253 ) oa = N a 
O u? H 


where the magnetic diffusivity n == (po) *. This expression is 
ndependeht of 5, The total viscous dissipation rate is (pvU =) 
cd?jd? = pvU*d. The maximum field B,, is reached when these 
: are approximately equal, so that é 















diffusivities. The maximum field Bm is only attained for a 
: particular value, Bom, Of By. In the kinematic regime, the ratio 
_ B*/By is proportional to the magnetic Reynolds number Ud/n. 
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Ampliffcation of magnetic fields in the solar 
convective zone . 


In the Sun, convection is not laminar and the pressure cannot be 
eliminated from the governing equations. Nevertheless, we 
assume that the field strength cannot exceed the value for which 


„the power needed to contain the flux rope is equal to the rate 


of turbulent energy dissipation. Observations of granules and 
supergranules suggest that convective eddies lose their identity 
after a lifetime t comparable with the turnover time d/U, ‘as 
implied by the mixing length theory of convection. Thus the 
energy dissipation rate in a cell is approximately 4pU?d*/t 
~ pU%d*, Although large scale motjon is excluded from the 
flux rope, inefficient small scale convection is still possible within 
it. The motion is time dependent and mainly vertical, so the 
field spreads out with an effective diffusivify Ñ that is much 
smaller than Ud (ref. 20). Applying the same argumerft as 
before, we find that 


* + 
Thus the ratio of Bm to the equipartition field B, varies as 
the square root of the magnetic Reynolds number. (This 


- would follow directly from the previous result if v were replaced 


by an eddy diffusivity of ordér Ud.) The maximum field Bm 
~ (upU%d/f{) then occurs when the average field through the 
cell is Bom ~ @/Ud) Be. 

To find upper bounds for the field concentrated between 
granules or supergranules we need estimates of the diffusivity 
yn. Microturbulent velocities in sunspots have magnitudes of 
about 1 km s~ and horizontal scales of about 10 km (ref. 21): 
adopting similar values for small scale convective motion in 
flux ropes between granules, we have 7 ~ 10° m? s~. Taking 
typical values for the granulgr velocity field (U = 1 km s™, 
d = 10? km, p = 107% kg m=‘, t = 500 s) we then find that 
B. ~ 350 G, while Bm/Be ~ 15; hence Bm ~ 5,000 G and is 
greater than Bp. In practice, therefore, the limit is set by the 
pressure balancing field B,, which can be reached by purely 
kinematic amplification, without the magnetic forces having a 
significant effect on convection. Now B* will not reach 1,600 G 
if B, is less than about 16 G. Hence strong fields shotild be 
present only for fluxes Bad? => 10° Wb, which is consistent with 
Mehltretter’s® estimate of the flux in small scale features. 

Magnetic fields are also concentrated at the boundaries of 


The corresponding flux, Bomd? ~ 10°? Wb, is comparable to 
that in a small sunspot. 

Deep down in the convective zone the scale of motion 18 
likely to be around 10° km. A crude estimate of B,, yields a 
value of about 70,000 G, corresponding to a flux of about 
105 Wh. If the available flux is no more than, say, 10'* Wb 
(the flux through a large sunspot or an active region) then the 
magnetic field is kinematically amplified to a value around 
10,000 G. 

We do not suggest that these estimates are precise. But we 
have shown that fields greater than the equipartition value can 
be formed where flux is concentrated by the horizontal flow. 
In the Sun, the convective velocity is outwards from the centres 
of granules and supergranules and, in a compressible layer, 
the horizontal velocity is reversed only near the bottom of a 
convection cell2?. Hence concentration is predominantly at the 
cell boundaries. Some field lines are also carried around within 
the cells but observations of inner network fields? suggest that 
the flux involved is relatively small, 
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Near the photosphere an initially weak field will he concen- 
trated by convection until the thermal instability takes over. 


-The field is limited by the need to maintain pressure balance, 
. and cannot appreciably exceed 1,600 G in a small flux rope. 
_ At depths greater than about 1,000 km thermal effects are less 


important, cooling is slight and flux concentration is limited by 
diffusion.The maximum field B,, may be an order of magnitude, 
greater than the equipartition field and we expect that flux 
ropes may have fields of up to about 10 G. Similar arguments 
may be applied to estimate the fields in other stars where 


. Magnetic flux is concentrated by convection. 
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further study of the Grenville problem 
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Palaeomagnetic poles from North America for the period 


1, 150-650 Myr fall on a simple single great circle polar 
track-—the Hadrynian Track, and the Grenville Loop. 
This Loop is consistent with Laurentia and Gren villia having 
gen an integral single plate unit from the onset of remanence 
blocking (metamorphic cooling) in the Grenyille Province. 
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PALAEOMAGNETIC studies from the Grenville Province have 
yielded palaecomagnetic poles that apparently differ from those 


-Observed from Interior Laurentia, The many models proposed 


to explain this discrepancy fall into two classes: the two-plate 
model '~*, and the one-plate model**:7~!°, On the two-plate 
model, it is considered that the north-trending Grenville 
Track records the gradual convergence of a separate Grenville 
plate towards Laurentia. Difficulties with the two-plate model 
are: (1) the magnetisations which are all post-orogenic were 
reset at the maximum separation of the two regions, the 
collision itself apparently produced barely any detectable 
reheating, (2) the lack of evidence of a suture zone, and (3) 
the presence of pre-orogenic geological units which cross the 
Grenville Front and can be recognised as far as 100 km into 
the Grenville Province. On the one-plate model, the Grenville 
Track is incorporated into the North American polar wander 
path by means of a so-called Grenville Loop. The difficulty 
of this model is in establishing the sense and time calibration 
of this Loop. Both counter-clockwise!’ and clockwiset:®7~9. 
loops have been proposed. Establishing the age sequence of the 
Grenville Track is clearly of major importance. In comparison 
with the radiometric evidence, the ages assigned to Grenville 
Loops seem to be either too old?:* (1,400-1,250 Myr), or too 
young™** (800-600 Myr). In addition, some of the reported 
Grenville poles which do not fall on the so-called Grenville 
Track (Fig. 2) have not been satisfactorily accommodated by 
any of the proposed one- or two-plate models. 

We present here a polar wander path for the period 1150- 
670 Myr (Figs 1-3) which uses all the presently available North 
American palaeomagnetic data. A portion of the path forms a 





Grenville Loop which incorporates all of the Grenville poles i 
(including a north-trending Grenville Track). It also contains i 
some non-Grenville poles. The age assignment for this loop 
(1,050-950 Myr) is consistent with radiometric evidence. 
The latter portion of the polar path (950-670 Myr) follows an 
almost great circle path (Figs 2 and 3) from close to the 
Equator at 180°E, over the present geographic North Pole,” 
and down to the Equator again close to 0°E. During all por- 
tions of this path the average drift rate relative to the pole: is 
Sem yr^t, a much more conservative figure than the drift 
rates required by the previously proposed one-plate models. 


Data interpretation criteria 


For the construction of this path some initial interpretations are 
questioned, and new interpretations are presented. In our 
opinion it is difficult in any study of igneous, metamorphic or 
sedimentary rocks to show indisputable evidence of an initial > 
(primary) magnetisation. Only a positive contact test provides 
evidence of a single simple thermo-remanent magnetisation 
(TRM). In all other cases, elucidation of the sequence of 
remanence acquisition can only possibly be achieved- by 
detailed laboratory experimentation. For igneous and meta- = 
morphic rocks extensive alternating field (a.f) and thermal 
remanence cleaning is obligatory; a.f. cleaning al®ge is in- 
adequate to ,identify the remanence carrier (for example, _ 
magnetite or haematite). Thermal experiments provide tt 
respective blocking temperature spectra, and it may then 
be possible, using vector analysis, to establish the magnetisa- 
tion sequence. This still remains hazardous unless it can | 
shown that both haematite and magnetite remanences ar 
result of a single cooling event (TRM). Chemical remane 
(CRM) acquisition at low or intermediate temperatures, which 
is probably commonplace, can quite easily produce haematite - 
remanence with high blocking temperature and high coercive | 
force characteristics, but which is of secondary origin. For =- 
sedimentary rocks, especially red beds, thermal experiments 
alone are insufficient for unravelling complex magnetisation 
sequences; chemical leaching must also be performed". A.f. 
experiments are not obligatory but are considered extremely 
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Jacobsville was sampled over a lateral, distance of 350 km 

- 395 in three areas: Sault Ste Marie (C), Marquette (B) and the 
Keweenaw Peninsula (A). Although there ig no direct strati- 
149] graphic control over the relative positions of these three areas, 
isopach maps?” indicate the age sequence should be C--A. 
-5 The pəle JSA obtained from nine sites (including a field 
“141 | reversal) brings the polar path to 15°S in the descending 
E portion of our Grenville Loop. It is most interesting that the 
-553 previously underemployed pole 420 from the Shabogamp 
, Gabbro® near the Grenville Front falls between poles RX and 
-366 JA. From this downward-trending limb the polar path is 
7308 connected to the southern end of the Grenville Track through 
-392 the Grenville pole Me (Mealy Mougtain—east component), 
The north-trending Grenville Track is based on detailed 
studies of polyphase magnetisations’~* 778, In studies with 
two-phase magnetisations the remanence "component with 
lower blocking temperature, lower coercive force characteristics 
(Grenville Group B poles) plot to the north of the higher block- 
ing temperature, higher coer€ive force magnetisations (the 
Grenville Group A poles). Assuming that these magnetisations 
record a simple slow cooling exhumation TCRM-TRM, the 
designated ‘age sequence then would be from south to north. 
A TCRM thermochemical remanent magnetisation, is to be 
expected as chemical changes are bound to occur during any 
extreme reheating (metamorphism) event. Support for this 
simple TRM hypothesis is provided by the record of A group 
poles carried by both magnetite and haematite in studies from the 
Magnetawan Metasediments'®, and the Haliburton intrusives®. 
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Fig. 2 Polar path relative to North America for the interval 
1,000 to —850 Myr. The poles are labelled as before. (1, Site 
nit weight; ©, sample unit weight. Approximate error ovals 
5°¢) for the Grenville data are represented by the horizontally 


° Fig. 1 Polar path for the interval —1,150 to — 1,000 Myr-relative hatched cloud, and plotted individually for other results. Lambert 
to North America. Inset shows detail of the descending portion equal area projection centred on 180°E, 30°N. 
of the Grenville Loop. Poles A->W and those with three digits ° 


are listed by their Ottawa Catalogue number; 4, poles (enum- 
erated 5-12) from sequential strata in the Grand Canyon 
Supergroup'?; all other poles catalogued by letters are refer- 
enced in the text. 0], Site unit weight; ©, sample unit weight. 
Approximate error ovals (95%) for the Keweenawan and 
Grenville data are represented respectively by the dotted and 
horizontally hatched clouds, and plotted individually for other 
results. Lambert equal area projection centred on 180°E, 30°N. 
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valuable. These requirements might seem stringent, but to 
understand complex geological processes, palaeomagnetic 
data of the highest quality possible are required. Applying 
these criteria to this data set, some poles can be regarded as 
key reference poles (KRP), shown as the larger symbols in 
Figs 1-3, and discussed in the detailed formulation of our 
polar path. ‘ 


The Grenville Loop 


The downward portion of the Keweenawan Track (Fig. 1), 
which has been established for a few years, is based on a 
number of KRPs from the Keweenawan volcanic sequences, 
for example, the Portage Lake Lavas (pole 492) is the mean 
of several studies. This trend is confirmed by eight poles 
(5-12) from a measured stratigraphic sequenceein the Grand 
Canyon Supergroup'®. Pole 11 near the equator from the 
Cardenas Lavas with a Rb/Sr isochron age of 1,090+-70 Myr 
(ref. 13) is not significantly different from pole 391 (the Rama 
diabase)®* suggesting consanguinuity of these intrusive and 
extrusive unfts of the Grand Canyon Supergroup. 

Extension of the polar path southwards over the equator iS 
based on the evidence of four new poles; the Nonesuch Shale 
(NO) (ref. 14), the Freda Sandstone (FR) (ref. 14), the Rapitan 
Group (RX) (ref. 15), and the Jacobsville Formation (JC—> 
JB--JA~-~JSA) (ref. 16). All these results were obtained after 
extensive chemical, thermal and a.f. experimentation. The 
Nonesuch and Ereda poles sampled over a 900-m section 
indicate a southward trend. Pole RX from the Rapitan Group 
is the direction most persistent after chemical leaching. The 











Fig. 3 Polar path relative to North America for the énterval 
= 950 to —670 Myr. The poles are labelled as in Fig. 1. [, Site 


* unit weight; ©, sample unit weight: @, Grenville Province 
dyke poles; A, Grand Canyon pole (13). Solid plots indicate 
indiyidual site mean poles from the post-metamorphic Grenville 
Province dykes**. Approximate error ovals are plotted indivi- 
dually. Lambert equal area projection centred on 330°E, 60°N, 


e Detailed experimental work on the Allard Lake anorthosite 
(AL) provides particularly good evidence for a simple meta- 
morphic TRM™. Only one direction was found but both 
polarities are present: normal’ carried by magnetite, and re- 
verse by haemo-ilmenite. Where dual magnetisations of dif- 
fering remanence directions are ascribed to separate magnetite 
and haematite remanences, the evidence for the northward 
shift is less convincing because of the possibility of chemical 
remanence overprinting (for example, poles 482 and 483 
from the Morin anorthosite!*), By comparison with the Allard 
Lake result (AL) it is most probable that pole 482 represents a 
TCRM. 

On this polar scheme, poles Me and 420 from or adjacent 
to the eastern Grenville Province predate poles from the wes- 
tern Grenville Province which define the Grenville Track: 
this indicates that uplift cooling in the east predated cooling 
in the west as previously suggested. The Shabogamo Gabbro 
(pole 420) outcrops outside the Grenville Province, however, 
and may belong to an earlier portion of the Laurentian Pre- 
cambrian polar path. Pole Mnw obtained from a.f. experi- 
ments alone from the eastern Grenville is ambiguous; it may 
belong to the descending Keweenaw Track (Fig. 1) or the 
ascending Grertville Track (Fig. D. Owing to lack of thermal 
cleaning, this cannot be resolved at present. 


The Hadrynian Track 


From about 950 Myr at 180°E on the Equator the polar path 
moves northwards over the present geographic north pole and 
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then southwards to the 675 Myr Franklin KRP (450) near the | 
Equator at O°E. Because of the age limits on this path, we sug- 
gest the name Hadrynian Track is most appropriate. p. 

Transition from the Grenville Loop to the north-trending 
Hadrynian Track is suggested by two studies, which also © 
firm our one-plate model. Firstly, contrary to the or 
suggestion®, the magnetisation sequenge A-+C~>B | 
Grenville Province Haliburton intrusives favours ¢ 
model. On a two-plate model pole (H)B lies well nor 
assumed polar juncture (collision) which supposed 
place near the Equator. Also, poles 13-15 from the upr 
of the Grand Canyon Suite!? are consistent with a one-pla 
model, and a northward-trending Hadrynian Track if the 
cepted magnetisation sequence is 15->14-—+13, No chemic 
leaching was attempted on the ferruginous units 14 and 13, 
and it is questionable whether the initial magnetisation has 
been effectively isolated. Furthermore, studies of the probably 
correlative and contemporaneous haematite-rich Rapitan 
Group” and underlying Little Dal Lava from the Mackenzie a 
Mountains N.W.T. indicate that secondary haematite over- — 
prints with similar poles are quite common (for example, — 
pole RY). On the upward trend the Hadrynian Track picks — 
up poles 422 toer Group)eand 167 (El Paso) both of which 
are dated at approximately 950 Myr, and the secondary site 
mean poles of,the Pikes Peak Granite?! (crosses). 

For the high latitude portion of the Hadrynian Track the 
KRPs are RY (Rapitan Group) and J2 (Jacobsville Formation). 
Both these magnetisations have high blocking temperature and 
remanent coercive force spectra. Chemical experiments on the 
Rapitan indicate that RY most probably postdates RX. J2® 
is a CRM superimposed upon the JA, JB and JC magnetisa- 
tions. Supporting evidence for the track over the pole is pro- 
vided by poles Orienta 2 (T2) and Chequamegon (035) (ref. 22) 
which plot near the RY and J2 poles, respectively. The Orienta- 
1 (T1) and Orienta 2 (T2) have great similarity with JA and 32. — 
Site poles from Grenville Province diabase dykes??. which — 
postdate the Grenville metamorphic episode can be divided 
into two groups, one tightly grouped about the Franklin pole 
(450), the other group yielding poles which crudely follow the 
Hadrynian Track. On the downward portion of the polar 
path, the track passes sequentially through poles from the basal E 
Torridon sandstone (423), the Torridon Group (001), the Fron- 












Fig. 4 Comparison of poles from the Sveco-Norwegian and Gren- 
ville Provinces. a, The proposed reconstruction as discussed 
in the text, showing the Gothide and Grenville Fronts sub- 
parallel. b, After correction to this reconstruction poles 330, 
600, 476 and 550 from the Sveco-Norwegian Province gneisses: 
are not significantly different to poles (hatched cloud) from the 
Grenville Province. c, Poles 332, 156, 331 from late-stage dykes” 
intruding the Sveco-Norwegian Province are consistent: with. 
contemporaneous poles (horizontally hatched) after correction. 

to the proposed reconstruction. = 
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tenac dykes (363), and termin&tes with the Franklin diabase 
(450) and the Tudor Gabbro (458). Placing of the latter pole 
on this portion of the track is in accérdance with the reported 


K-Ar isochron age**, A 


Grenville and Sveco-Norwegian Provinces 


The proposed Grenville Loop accommodates all the relevant 
palaeomagnetic data available including Grenville poles which 
lie outside the Grenville Track, and the non-Grenville poles 
which fall close to the Grenville Track, thereby seriously 
favouring a one-plate model for development of the Grenville 
Province. Because of the geologic and radiometric similarities 
of ‘the Sveco-Norwegian Province of the Baltic Shield, it is 
pertinent to investigate whether palaeomagnetic poles from 
this region are compatible with the above polar path. Previous 
comparisons of poles from the Grenville and Sveco- Norwegian 
_ Province have explained the residual polar discrepancy after 
correction to the Bullard refit in terms of transcurrent motion 
along the line of the Caledonides®. This method does not pro- 
vide an exact polar match; the Grenville and Sveco-Norwegian 
Tracks are till seen to cross-cut one another. As shown in 
Fig. 4 an exact match of the poles can be achieved by a 30° 
clockwise rotation of the Baltic Shield about & Eufer pole at 
170°E, 40°S after first correcting to the Bullard reconstruction. 
Poles 330 and 476 (Rogaland basement) and pole: 600 from the 
Farsund intrusion?’ plot near the base of the Grenville Loop, 
while pole 550 (Bamble area)?* plots close to the end of the 
Grenville Track. Poles from the Hunneadalen dykes (332) 
@and Egersund dolerites (156, 331) which have been dated by 

K-Ar at approximately 660 Myr*are shown to bear the same 
relationship to the Sveco-Norwegian Province as the Grenville 
Province diabases do to the Grenville Province. In this configura- 
tion the Gothide Front, which is sub-parallel but not colinear 
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Detection of optical pulses 
from the Vela pulsar 


PULSED optical emission has been detected from the Vela 
pulsar, PSR 0833-45. Double pulses were detected from an 
area which included Lasker’s! star M. The pulsed emission has 
a time-averaged blue magnitude of approximately 25.2 min. 
The observations were made on three nights, 24-27 January, 
1977, at the //15 focus of the 3.9 m Anglo-Australian Telescope, 
Siding Spring, Australia. A twin photometer with two apertures, 
each 5.0” arc in diameter, spaced by 17.5”, was used for all 
observatigns. Its two photomultipliers had S-20 photocathodes 
and wert used without filters. The signals were fanned out to 
three experiments which were made as independent as possible. 
In the first pulse, counters connected to each photomultiplier 
were sampled every millisecond by the telescope’s instrument 
computer system, the data recofded on magnetic tape, and 
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with the Grenville Front, is seen to form the southern margin 
of a unified Grenville-Sveco-Norwegian Province. The Gren- 
ville Front forms the northern boundary. This reconstruction 
further confirms our case for an integral single plate unit 
consisting of the Grenville~Laurentian, and Sveco-Norwegian- 
Baltic *Provinces during the remanence blocking, caused by 


emetamorphic cooling in the Grenville and Sveco-Norwegian 


Provinces. In conclusion, however, it does in itself pose another 
fundamental question: what mechanism was responsible fgr 
the intense remobilisation of the Grenville Province between 
1,050 and 950 Myr? 


Received 12 December 1976; accepted 10 Februa 1977. 
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simultaneously binned at the apparent pulsar period for on-line 
display. The UTC of each sample was established with an 
error in epoch of +1 ms and in frequency of one part in 10° 
using shortwave radio time-signal transmissions. The candidate 
position was interchanged from one aperture of the photometer 
to the other at intervals of about i h. Pointing and guiding 
were estimated to be reliable to | arc. As a check on our 
techniques, the Crab pulsar also was observed each night. 

In off-line analysis the magnetic tape data were synchronously 
integrated at the apparent pulsar period in blocks of about 1h 
duration. These profiles were then added in the correct phase 
by computing arrival-times at the solar-system barycentre. Data 
for the pulsar barycentric period used in this analysis were 
obtained from the continuing series of pulsar timing observa- 
tions? at the NASA Deep Space Station, Tidbinbilla, at a 
frequency of 2295 MHz. Radio observations were made before 
and after the optical observations. 
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No. a( 1980) 8(1950) 

h min s oo R 
i OX 33 39.35 AS 00 08.6 
2 08 33 39.26 ~45 OO 11.7 
3 OR 333935 = 45 00 06.6 
4 O& 33 39,43 —45 00 13.2 


Table 1 Observations in Vela field 
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Integration Description 
tume (h) à 
6.34 Radio position from ref. 4 
1.85 Position of star M as given in ref. I e 
LEF 2” arc N of radio position’ 
0,33 0.07 s E of the star B2 0.8” E, 4.6” S of 


radio position’ 
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Fig. 1 The field of the Vela Pulsar as it appears, shear distorted, 
on the TV monitor of the Anglo-Australian Telescope. Circles 1 
and 2 enclose the areas of sky where pulses were detected. The 
radio position (R) of Goss et al.‘ and the position of star M are 
indicated by crosses. No pulsed light was detected from the areas 
of sky enclosed by the dashed circles 3 and 4. The white circle 
enclosing the radio position is a fiducial mark in the TV monitor. 


In experiment 2, the data were integrated on-line in a Fabri- 
Tek signal-averager at the appropriate Doppler-shifted period. 
The period was generated by a Monsanto frequency synthesiseg. 
The start of each run was initiated by the observatory clock 
but thereafter the frequency synthegiser ran on its own internal 
oscillator. The third system fed signal and timing pulses to an 
analogue tape recorder. 

Astrometric measurements made from an AAT prime focus 
plate of stars in the Vela field agreed with those of Lasker et al., 
for their stars A, B, C, F, G and K, but disagreed with the 
positions given by Lasker! for stars A and M. Our position 
(1950.0) for star A is a = 08h 33 min 39.68 s+0.03 s, ô = 


Vela pulsar—Position | 


Fig. 2 Phase plots of the light curves 
of the pulsar (left) and simultaneous 
sky noise (right) as seen through the 
twin apertures A and B. Data have 
been binned to 2ms resolution. 
Position 1 is centred on the radio 
position’, and 2 on Lasker’s posi- 
tion! for star M. Phases of emission 
of the radio pulse? with respect to 
the optical pulses, and of the two 
y-ray pulses’ with respect to the 
radio pulse are indicated at the foot 
of the figure. The indicated levels of 
the background were determined by 
averaging the baseline regions out- 
side the optical pulses. For the 
summed pulsar profile the back- 
ground was 334,800 photocounts per 
2 ms bin. The corresponding level 
of the sky channel was 319,300. 


e 


5,000 counts 


Radio 7-1 


Vela pulsar—position 2 
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— 45°00 09.9” -:-0.3”, and for Star M (measured from the 
photograph by Lasker), a =08h 33min 39.22 s-4-0.03 s, 
=— 45°00 10.1” +0.33”? 

A total of 10 h observation was obtained at the four positions 
listed in Table 1 and shown in Fig. 1. Pulses were observed 
only at the radio position’, whiclf has errors of Aa = 0.04 s, 
Aa = 0.8”, and at position 2. Figure 1 shows, with our 
measurement of its position, that Lasker’s star M was within 
the overlap of the apertures for both of these. Light curves for 
“the observations are shown in Fig. 2, together with the curve 
obtained by summing the data from the two positions. Figure 3 
shows a single curve from the multi-channel analyser system, 
which gives results in close agreement. The phase of radio 
pulse (corrected for delay due to dispersion) and y-ray pulses® 
relative to the optical pulse are also indicated in Fig. 2. Unlike 
the Crab pulsar, the Vela pulsar emissions in different wave- 
length regimes are at different phases. The optical pulse shape 
is double peaked with a component separation of 22-£2 ms. 
The second pulse is stronger, but further observations are 
required to investigate detailed pulse structure. The radio pulse 
which is essentially single-peaked, is emitted 20-2 ms before 
the first optica} pulse. This places the optical pulses sym- 
metrically between the y-ray “pulses, which have a separation® 
of 35 ms. 

The fact that Lasker’s star M was within the aperture at 
both positions | and 2 where pulses were detected allows the 
possibility that this is the pulsar. Some support for this is given 
by the slightly greater intensity of the observed pulses at 
position 2 for which the star M is closer to the centre of the 
aperture. (The seeing during’ the observations was generally 
between 1” and 2”.) Lasker finds that star M has a B-magnitude 
of 23.7 with an assumed error of +0.5. We estimate 
the time-averaged blue magnitude of the pulsed emission to 
be 25.2 with the same assumed error. This estimate is based 
on comparison with the Crab pulsar*, which has a B-magnitude 
of 17.0. We assume that the Vela pulsar was wholly within 
our diaphragm for all observations at positions 1 and 2 and 
that it has the same colour as the Crab pulsar. Measurements 
of the B sky brightness at the South Celestial Pole by the UK 
Schmidt Telescope Unit on the three nights of our observations 
imply a similar magnitude for the Vela pulsar. At face value, 
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Fig. 3 The first hour long run with the second experiment, on the 

radio position, displayed in 32 bins. In common with the first 

experiment every comparable run shows the double peak, subject 

to photon statistics. The vertical bar is twice the Poisson 
dispersion. 


and assuming conventional values for the distances’, these 
magnitudes*imply that the dependence of pulsed luminosity on 
period for optical pulsars follows a P= Jaw, (compare with 
ref. 8). 

Further observations are required to determine whether or 
not star M is the pulsar and, if so, what fraction of its light is 
pulsed. 
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sS arch for y-ray bursts 
-with coincident balloon flights 


We report on an experiment to search for cosmic y-ray 
< o bursts of the type discovered by Klebesadel er al’, but of 
smaller size and of sufficient frequency of occurrence to be 
=. detected during a l-d observation program. Two similare 


detectors, successfully balloon-borne from launch sites in 
South Dakota and Texas, achieved about 20h of simultan- 
eous operation at several millibars atmospheric depth, with 
continuous separation of over 1,500 km on 10-11 May 1975. 
- Fluctuations of. the counting rates of >150 keV photons 
with temporal structures from microseconds to several 
minutes were compared in order to detect coincident or 
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associated responses from the two instruments. The results 
of this experiment can be summarised as follows. First, no 
coincident ‘y-ray burst events were detected. Second, 
the resulting integral size spectrum of small bursts, from 
this and from all other searches, remains a spectrum of 
uppef limits, consistent with an extrapolation of the size 
spectrum of the largest known bursts, fitting a power law 
of index — 1.5. Third, a curious effect was found which 
can be described as consisting of associated, but not Œo- 
incident, counting-rate increases of photons of energy 
>150 keV. This phenomenon undoubtedly presents a back- 
ground, event-confusion problem for any single y-ray burst 
instrument, placed either on balloens or on satellites which 
orbit the Earth beneath the trapped radiation. 

This experiment was designed to investigate the pos- 
sibility that cosmic y-ray bursts could fe detected in the 
size region of 107 to several times 10°¢ ergcm™’, below the 
apparent bend in the size spectrum of Vela events as des- 
cribed by Strong and Klebesadel*. It has generally been 
assumed that the observed bend could be due to instrumental 
effects’ * (because the detector thresholds do no} produce 
a sharp cutoff in event selection, due to the widely varying 
temporal structures of the bursts), An intrinsic bend in the 
true size spectrum, however, would be of great interest. A 
plot of N(>S), the numbereof events of size greater than 
S., as a function of event size S, would vary as S>" for an 
extended voJume of source objects positioned essentially 
isotropically, but as S”' for a disk-shaped region and as 
S? for a one dimensional source region. Thus, the shape 
of the observed size spectrum not only could indicate a 
galactic structure in the y-ray burst source pattern, 
but also might directly calibrate the intrinsic source 
strength distribution from the known galactic dimensions. 

Our first experiment to search for small y-ray bursts was 
the balloon-flight of a single large detector in May 1974— 
a number of candidate events were found, having sizes 
consistent with —1.5 index power-law extrapolation, but 
which could not be established as true y-ray bursts without 
confirmation from another detector’’”®. 

To obtain a more definite signature for cosmic y-ray 
bursts, the dual balloon experiment described here was 
carried out in 1975. Two similar detectors were flown simul- 
taneously with adequate geographical separation to avoid 
local cosmic-ray or magnetospherically induced coincident 
responses. One balloon was launched at 0145 ur on 10 May 
from Palestine, Texas and floated until about 0400 ur on 
1} May. The other balloon, was launched about 0340 ut 
on 10 May from Sioux Falls, South Dakota and floated 
until 2125 ur on 11 May. The distance between the balloons 
was always greater than the distance between the launch- 
ing stations, which is about 1,300km. The total time of 
simultaneous float above 6.5 mbar residual atmospheric 
pressure was about 18h, most of which was above 3.5 mbar 
depth. 

The detector irf each instrument consisted basically of a 
plastic scintilator 8,900 cm’ in area and 5 cm thick, viewed 
by two Sinch PM tubes in coincidence. The absolute 
energy threshold was at %150 keV, although calibration 
with radioactive sources showed that the average effective 
threshold was nearly twice this figure. Particles were ex- 
cluded by a second, anticoincidence threshold set at 
2.5 MeV. In each instrument a time interval analyser (TIA) 
(ref. 7) was used, measuring the time interval AT between 
each pair of successive photon counts, Thus, rapid, short 
countrate increases (fast bursts) could be evident in a rate 
against AT histogram as bumps in the region of small AT, 
well separated from the main, Poisson distribution of back- 
ground y-ray counts. This made possible a search for 
temporal structures in counting rates from the 40-ns region 
continuously to the several hundred millisecond region, 
with longer structures evident from the use of the total 
counting rate histogram. The advantage of this system over 
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the conventional counting rate histogram schemeeis that 
orders of magnitude lower bit-rate telemetry can be used. 
Absolute time cdincidences between the two detectors 
-would have been attainable to 72 ms resolution, except that 
an electronic problem resulted in an actual accuracy of 
only Is. Therefore, coincidences of increases of lessethan 
l s duration could only be inferred from their likelihood of 
occurrence in coincident data samples... _ 

The data analysis showed that indeed non-Poisson count- 
ing rate excursions were detected with time bases from 
the microsecond region to the l-min region. These could 
be due to local background such as cascade showers, 
neutron’ and cosmic-raye interactions and induced radio- 
activity, and to magnetospheric effects. A phenomeno- 
logical data treatment was therefore developed, consisting 
of plots of the nuthber of fluctuations against size in stand- 
ard deviations, against time base on a logarithmic scale. 
For each of the two instruments, a smooth, three-dimen- 
sional distribution was found “to contain only one bump, 
other than the background distribution having a maximum 
near the origin. In each ease this extra population consisted 
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Fig. 1 Counting rate increases exhibited by the y-ray counters 
in three occasiorfs. In each record Sioux Falls data are uppermost 
with Palestine data below. The lack of simultaneity of the events 
in each case disproves cosmic origin: the fact that the pairs of 
incrtases are always separated by a short time delay relative 
to the time between their occurrence argues for a magnetospheric 
origin. Such transient increases present a background problem 
for near-Earth y-ray burst detectors. 
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of very long, one half to seteral minute, counting rate 
increases of many standard deviations value. No extra 


population was found im the 0.1-20s region where all 


known y-ray bursts occur. All increases of over a few. 
Standard deviations from each instrument of any time 


character from microseconds tœ minutes were compared,- 


however, to search for correlated increases from the two- 
detectors, The results were that, except for those expected 
on a random coincidence basis, none occurred other than 
ethe very long time-base population found with the plots, . 
as described above. oe 

Time histories of the most significant counting 





two instruments are not the same, but, due to a minor mal- 
function, the rates of Palestine instrument are somewhat ` 
less, and are switched off for 5s out of each 10s.) If these 
increases were y-ray bursts, assuming the spectrum found 
typical of longer events*, their energy content would be 
around 10° erg cm™* each. They are clearly not coincident, 
however. The light travel time between the two detectors is 
only 5 ms, and yet the temporal separation is many tens of 
second, The increases are surely associated, however, 
since there*are only severalof these events in either tabu- 
lation of single counting rate histograms within the 18h. 
Thus, the probability is negligible that each pair should fall 
within a few minutes separation on a random basis. One 
explanation of this phenomenon may lie in ionospheric or 
magnetospheric activity with a slowly travelling disturbance 
centre. Artificial sources are a less likely explanation. We 
have checked the VLF receiving records of the Naval 
Observatory in Washington, D.C. Records were available 
for the VLF stations WLK, Jim Creek, California, and 
NBA, Balboa, Canal Zone, and for the Omega stations 
Trinidad and LeMoure, North Dakota. None of these 
records show any disturbance during the day of 10 May 
during which three of our events occurred. The responsible 
electron fluxes would have to be small, less than one per 
cm’, such that, if magnetospheric, they lie outside the 
domain of typically studied trapped radiation phenomena. 
Such counting rate increases are clearly a danger to any 
experiment seeking to measure y-ray bursts without con- 
firmation, In either single balloon flight, these events could 
have been taken to be exceptionally long y-ray bursts, were 
it not for the lack of coincident information in the other. 
It must be added that one associated event took place near 
local midnight, so it could not be of solar origin (solar 
flares would also, of course, be seen as exactly coincident). 
Thus the need is evident for more sophisticated techniques 
to search for small y-ray bursts, a need that applies to low- 
orbiting Earth satellites instrumentation, as well as to 
balloon flights. 

Figure 2 shows the upper limits to the size spectrum of 
y-ray bursts resulting from the analysis of our data. We have 
included 95% upper limits on the basis that we did ‘not see 
any actual events in our 1975 flights; the energies where we 
put our upper limits depend on the time increment used for 
the burst search. The left mark is the result of a Separate 
0.1-s search. Since the 0.1-s events are a fairly rare sub- 
group of events in the total amount of satellite data’, we 
regard the results obtained by balloons- to date as incon- 
clusive so far as the slope of the size spectrum is concerned. 
We feel that this unfortunately remains true when the other 
balloon data, as plotted on this graph, ‘are irfcluded. A 
recent note’ indicates our reasons for interpreting the 
results of another balloon experiment search" as also 
consistent with no size spectrum slope change. That note 
enumerates a number of factors which contribute to rend- 
ering a balloon-borne search for bursts less efficient than 
it may have been intended to be..Our conclusion from this 
experiment, and from various others’*™* ig that we need 
an increase in sensitivity by another order of magnitude 
to be able to adequately detect small y-ray bursts. If that 






increases are plotted in Fig. 1a-c. (The sensitivities of the 
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Fig. 2 A plot of the size spectrum of known, large y-ray bursts 
and of the various upper limits to the intensity of small bursts, 
obtained from this and other balloon-borne searches. 


e can be done, the next step, observing a source direction 
anisotropy, may be possible. 
We thank G. Porreca for design of electronics, and H. 
Costlow and C. Thomas for preparation of the gondolas 
+ and assistance with flight operations. 
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© Possible y-ray 
line from the Crab Nebula 


Ea BALLOON-BORNE y-ray telescope was flown on 10-11 May 1976 
from Alamogordo, New Mexico to search for celestial y-ray 

` lines in the energy range 100 keV-5.0 MeV. We report herg 
evidence for a line feature from the Crab Nebula at 4004-1 keV. 

Although the counting statistics do not allow us to make an 

incontestible claim, the fact that it occurs at a reasonable 

energy to be gravitationally redshifted positron annihilation 

- radiation occurning at the surface of the Crab Pulsar, and in all 
‘respects seems to be a real astronomical line, has encouraged 
"ys to bring this to the attention of the astronomical community. 
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The design of the telescope is descyibed in the legend of 
Fig. 1. A total of 7.4 Crab target and 7.4 Crab background 
segments were obtained from an altitude of ~ 122,000 ft with 
zenith angles of 12-57°. An additional 27 segments were 
obtained from other astronomical sources. The pointing 
accuracy of the system was about +-1° with the effective entrance 
aperture increasing slowly with energy from 11° FWHM at 
59 keV to 13° FWHM at 1.33 MeV. 
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Fig. 1 Schematic diagram of the apparatus. The telescope was 
designed for optimum sensitivity to lines and contained a 
470-cm diameter by 6.35-cm long lithium drifted germanium 
e Ge(Li), detector surrounded by 400 pounds of active Nal 
operated in anticoincidence with the central Ge(Li) detector. The 
Nal served to collimate the Ge(Li) detector, shield it against 
atmospheric y-rays and insure that only full energy events are 
recorded. Ge(Li) pulses not vetoed by a coincident shiefd pulse 
pass through a preamplifier, a shaping amplifier and finally are 
storeg in the onboard memory of a 4096 channel pulse height 
analyser. The energy resolution of the system below 2 MeV 
was 3.4 keV FWHM, Data were accumulated in alternate 20-min 
target-background segments, with the. telescope rotated in 
azimuth 180° but maintained at the same zenith angle for the 
background measurements. * 


In Fig. 2 the Crab Nebula difference spectrum extrapolated 
to the top of the atmosphere is plotted, clearly showing the” 
detection of the X-ray-y-ray synchrotron continuum 
at energies below several hundred keV. Also shown is our best 
fit power law which seems compatible with other recent niea- 
surements'?, Beyond 1 MeV the quality of the continuum 
data has degenerated to the point that the spectrum becomes 


Table 1 Results of 3c line search of Crab target data 








Tentative 


Energy Flux 

keV 6 (counts s~?) identification 

139* 29.15 1.29 -+0.04 x 107! “Ge (ny) Ge 

175 5.53 1.29 +0.23 x 107? Ge (n, y) Ge 

198* 40,60 2.28-0.06 «107? Ge (n, Y) “Ge 

238 3.52 6.41 41.82 «1074 

356 5.00 8.64-1.73 x 1077 Fe (n, Y) Fe 

400 4.04 6.31 +1.56 x 107° Crab Line 

440 4.4] 7.37 -+1.67 x 107? Na (n, n’) PNa 

473 4.47 7,47 4-1.67 x 107 23Na (1, Y) “Na 

497 3.41 5,.60+1.64x107* 

570* 17.15 4.51 -+0.26 x 107? 27B] (EC) 2°Pb 

843 3.49 4.25-+1.22 «1073 27 Al (n, n) Al 
1063* 23.29 7.01 -+0.30 x 107° 207 Bi (EC) Pb 
1770* 7.10 7,.21-+1.02 x 1074 207 Bi (EC) Pb 


*Lines used in transforming analyser spectra to energy Spectra. 

Apart from the line at 400 keV, all lines appear with comparable 
statistical significance in the Crab background spectrum and with 
enhanced significance in the composite spectrum. 
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consistent with zero net counts from the Crab. Manipulations 


of the raw data made in obtaining this spectrum deal with the 
` effects of atmospheric attenuation, detector efficiency, system 


dead time and drifts in the calibration of the energy axis 





during the course of the flight. Atmospheric attenuation 


corrections were based on altitude measurements provided 
us by the Air Force Geophysical Laboratory Balloon Group, 
using a mean standard atmospheric model confirmed by 
ents on flight day. Photopeak detector effi- 
function of energy was obtained from elaborate 
te Carlo calculations confirmed by laboratory measure- 

nts at 14 discrete energies. The high effectiveness of the 
anticoincidence shield in “suppressing the Compton tail and 








„the steepness of the energy spectrum justified the neglect of 
-down-scattered photons. Dead time corrections based on careful 
-laborgtory measurements were generally of the order of 20 oi 
-due primarily to veto counts in the Nal shield. To. correct 


for system drift in transforming from pulse height analyser 
channel spectra to energy spectra we first determined the peak 
channels, in each récord, corresponding to five lines at known 
energies which appeared clearly in all records. Energies corres- 
ponding to other channels were then determined by linear 
interpolation or extrapolation. 

We made a careful search of the data for potential sharp 
line features from the Crab N&bula, by searching both the 
target and the background data for 5-keV wide bins which 
contain > 30 excess number of counts over what would be 
expected based upon the two 10-keV wide bins on either side 
of the 5-keV wide bin in question. A total of 12 lines were 
detected which appear in both the target and background data. 
These are listed in Table 1 with some tentative identifications. 
Apart from the ®°’Bi lines, which are from an onboard radios 
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Fig..2 Energy spectrum of the Crab Nebula’s total emission at the 


K top of the atmosphere. The solid line is the power law that 


best fits the experimental data. The data have been collected into 
30-, 100- and 300-keV bins to reduce the statistical scatter of the 
points. pen Tia 
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Fig. 3 a, Crab target and b, Crab background energy spectra 
in the vicinity of 400 keV; c, a composite spectrum of all data 
+ less Crab target segments. 


active calibration source, most of the remaining lines can be- 


understood in terms of cosmic-ray induced nuclear transitions 
in the telescope structure and have been seen by other investi- 
gators with comparable intensity and width?**, = 

In addition to the lines mentioned above, one potential line 
feature has been detected at 400-+-1 ke¥ in the target data but 
not in the background data. Both the Crab target and Crab 
background spectra in the vicinity of 400 keV are shown. in- 


Fig. 3, with a spectrum consisting of a sum of all our data 
excluding the Crab target segments. These spectra are basically — 
raw data, having been corrected only for drifts in the energy 
calibration with time. It is believed that the telescepe con- 
tinuum at this energy is dominated by leakage of the*atmos- 


pheric y-ray batkground through the Nal shield. The fact that 
the feature appears only in the Crab target spectrum is taken.as — 
strong evidence that it is not, a telescope’ artefact. It is also 
important that the line is evident in most of the target segments. 
The feature represents a 4.00 deviation above the telescope 
continuum as determined from the 387.5-397.5 and 402.5- 


412.5 keV energy bins of the target spectrum. Although the 


*above method was originally used, there are many other valid 
ways to search the data for lines, each yielding a slightly 
different level of significance for the 400-keV feature, for 
example, one can vary the width of the relevant energy bins, 
theoretically extrapolate the data ‘to the top of atmosphere 


before searching for lines, use the Crab background data for * ~ 


continuum subtraction, etc. Using these methods, the level 
of statistical significance can be made to vary from ~ 3,30 
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to ~ 4,20. Clearly, the probability that the feature is a statistical 
accident is not negligible, and definitive proof of its reality 
must await further experimentafion. After correcting for 
atmospheric attenuation and dead time, the feature in Fig. 3 
corresponds to a line flux of 3.24 +0.65 x 10~* photons s~ cm~? 
incident upon the Earth with a width < 3 keV. Such a line 
flux could have produced a feeble feature in the previously 
most sensitive search for lines from the Crab Nebula’ made 
with an instrument of much poorer energy resolution, The 
absence of a strong indication of it in these earlier data signals 
a note of caution in accepting the reality of the present result. 

Finally, it is interesting to consider a possible physical origin 
for the feature. Several mechanisms exist for generating posi- 
trons at or above the surface of the Crab neutron star’®. 
Positron annihilation in dense gases and solids usually results 
in the emission of 511 keV photons. Should this occur near the 
stellar surface, the photons would appear to us gravitationally 
redshifted. This measurement then determines Zcras = 0.28 
(assuming no other sources of frequency shift). Recent neutron 
star models®:? can then be used to determine the mass of the 
Crab yieldħhg ~ 1.4 Mo which is not unreasonable’. For this 
hypothesis to be correct, ~ 10 positrons s~? must, be annihila- 
ting into $511 keV photons near the neutron star surface (assum- 
ing isotropic radiation) which then reach Earth without signi- 
ficant Compton scattering. A more detailed report of the 
experiment will be published elsewhere. 
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M. LEVENTHAL 
Bell Laboratories, 
Murray Hill, New Jersey 07974 
C. J. MaAcCALLUM 
A. C. WATTS 
Sandia Laboratories, 
Albuquerque, New Mexico 87115 


Received 29 September 1976; accepted 22 February 1977. 


i Walraven, G. D. et al. Astrophys. J. 202, 502 (1975). 

2 Carpenter, G. F., Coe M, J. & Engle, A. R. Nature 259, 99 (1976), 

3 Jacobson, A. S. et al. Nucl. Instr. Meth. 127, 115 (1975). 

4 Womack, E. A. & Overbeck, J. W. J. geophys. Res. TS, 1811 (1970). 

5 Ramaty, R., Borner, O. & Cohen, J. M. Astrophys. J. 181, 891 (1973). 
é Ruderman, M. 4. Rey. Astr. Astrophys. 10, 427 (1972), 

? Borner, G. & Cohen, J. M. Astrophys. J, 188, 959 (1973). 


Interpretation of observed 
cosmic microwave background radiation 
THE observed cosmic microwave background radiation, which 


has a high degree of spatial isotropy (AT/T<10~*) and which 


closely fts a 2.7 K black body spectrum, is generally claimed 
to be ‘the strongest piece of evidence in support of hot big 
bang cosmologies by its proponents (for a recent reyiew see 
ref. 1). Alternative explanations in terms of the integrated 
effect of a suitable population of extragalactic radio sources? ~’ 
have been criticised, essentially on the ground that there is no 
known population of extragalactic objects with a source density 
sufficient to explain the observed small-scale isotropy of the 
microwave background’. We report here that the ‘surface of 
Jast-scattering’ of the observed microwave background radiatior® 
corresponds to the distribution of dust in galaxies or proto- 
galaxies with a temperature ~ 110 K at the epoch corresponding 
to Z ~ 40, and not to a plasma of temperature = 3,000 K 
at an earlier epoch (Z 21,000), as given by the canonical 
model of big béng cosmologies. The claim that this radiation 
lends strong support to hot big bang cosmologies is without 
foundation. 
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Wicktamasinghe ef al.® assumed the existence of dust uni- 
formly distributed in intergalactic space. Absorption and 
re-emission of radiation from galaxies by these grains then pro- 
duce the microwave background radiation. This dust must have 
special geometrical properties to make the metagalaxy up to 
the Hubble radius optically thick around à< 2,000 pm, but 
allowing it to be transparent in the visual range. Based on 
radar scattering data for thin wires, semiconducting needles 
(for instance, graphite) with length / = 100-1,000 jim and csòss- 
sectional radius a < / are expected to have this effect, as 
they seem to produce a strong peak in the absorption cross- 
section around A œ 2/. Also, the required intergalactic dust 
density of 1074 g cm~? is not inc@mpatible with upper limits 
set by other methods*'". 

The observation of very distant discrete,radio sources down 
to mm wavelengths presents a serious difficulty for this model. 
The QSOs with the two largest red shifts (OH 471 at Z = 3.40 
and OQ 172 at Z = 3.53) are at distances from us of 0.90 R, and 
0.91 R, respectively (where R, is the present Hubble radius). 
Yet they both indicate a second maximufh in their emission 
spectrum? at A œ 3,000 um, where the above modeb implies an 
optical depth 2 4.5. 

We therefore conclude that the microwave background 
radiation must be explained not in terms of a coupling between 
matter and this radiation at tHe present epoch, but in terms of a 
coupling in a previous epoch within the framework of an 
evolutionarycosmology. 

Rather than specifying a certain evolutionary cosmology 
(that is, the ‘initial conditions’), let us merely go back in time 
from the present epoch. If the coupling between the radiation 
and matter occurred when the radius of the metagalaxy was R, 
then the common thermal equilibrium temperature of matter 
and radiation is given by 


Ty = 27 (Roi R) K, (1) 
while the wavelength of maximum radiation is given by 
j Am œ 1,800 (R/Ro) um. (2) 


Provided the total number of absorbers of the radiation at any 
given wavelength à is conserved, the optical depth of the 
metagalaxy at A is given 


SA) = SA) (Ro/ R)? (3) 


where 8, is the optical depth at present. If the absorbers aree 
uniformly distributed in the metagalaxy with a present number 
density 7) and cross-section a(n), then 


Sal) = AA) MoRo- (4a) 
If, however, the absorbers are concentrated in galaxies then 
ÖA) = SA) NorSg Ros (4b) 


where 5,(A) and S, are respectively the average optical depth 
of a galaxy at A, and its average geometrical cross-section 
(which are assumed to remain unchanged), and Nog is the present 
number density of galaxies in the metagalaxy. 

if the absorbers are uniformly distributed in intergalactic 
space, one can easily make the metagalaxy optically thick® at 
epochs given by R/Ry< 0.1 with a present dust density 
<10- g cm~*, without conflicting with the above observa- 
tions. 

Instead of postulating the existence of an unobserved popu- 
lation of intergalactic dust, however, we will work in terms of 
the known properties of dust distribution in our own Galaxy. 
The sources of absorption and re-emission of the radiation in 
past epochs are then taken to be the dust distributions in dusty 
spiral galaxies, which we take to be similar to that of ours. 
The condition needed for thermalisation of the background 
radiation at any epoch is given by Am) œ I. : 

We do not know the extinction in our own Galaxy at far 
infrared wavelengths, but the visual extinction A,(A,) parallel 
to the galactic pole'® for its entire thickness œ 0.5 m. As long 





Nature Vol. 266. 21 April 4977 ° 


as the grains have °a sufficient conductivity (for ” example, 
graphite, ‘dirty’ ise, etc.) their extinction is expected to follow 
approximately an inverse wavelength dependence for à > 
2na (where a is the grain radius)!*"4 and there is some support- 
ing observational evidence’* in the range 50 um <A < 1,000 um. 
Assuming this to be the case, and taking à, ~ 0.55 um we get 
Ayam) © 0.50.55 Am ~t and a corresponding optical depth* 
lAn) ~ 092A Am) ~ 0.250, 1, which is the optical depth 
appropriate to our calculation, as the dust is believed to be 
concentrated in a thin disk of thickness < 200 pc (ref. 16). 
The total population of galaxies in the metagalaxy is also 
highly uncertain and depends on the highly uncertain value of 
the deceleration parameter dg. Taking the current ‘best esti- 
mate’!’ of q, to be 0.03 and assuming a negligible mass of inter- 
galactic matter, weestimate a metagalactic population of around 
2x i)? dusty spiral galaxies, giving Nog œ 1.2x 10-77%, Then 
with Ry œ 1.610" and S, ~ 5x10" cm? we get NogAgRo 
œ~ 0.1. Substituting these*values in (3) and using (2) we get 


HAm) ~ 1.4% 10 (R/R) (5) 


whence 8(Àm) œ 1 when R,/R œ 41. We conclude therefore 
that the background radiation was coupled to the galactic 
dust at this epoch Z = (Ra/R)—1 ~ 40, when they both had 
the common equilibrium temperature ~110 K. There is no 
difficulty for any type of hitherto proposed interstellar grain, 
including H,O ice, to exist at this temperature. 

The epoch of galaxy formation is highly medel dependent 
and uncertain, as is the epoch of dust production. The current 
best estimates'* of the epoch of protogalaxy formation in an 
expanding universe are Z = 10, 20 and 60 for gy = 2, 0.5 and 
0.02, respectively, and do not apply to a universe which had a 
bounce in the past. Considering this and the order of magnitude 
nature of our own calculation, our implicit assumption that 
galaxies (or at least dusty protogalaxies) existed at Z œ 40 is 
not unfeasonable. Also, at Z ~ 40, the galaxies still occupy 
< 1% of the volume of the metagalaxy. 

The number density of galaxies (or protogalaxies) at this 
epoch (Z ~ 40)27 x 10‘ N,,, and this easily exceeds all lower 
limits for this number density of discrete sources. set by the 
observed small-scale spatial isotropy of the microwave back- 
ground radiation’. 

Just as the radiation received from the Sun gives us direct 

information only about its surface, the microwave background 
radiation gives us direct information only about the ‘surface 
of last scattering’ when the radiation finally decoupled from 
matter and beyond which the metagalaxy remained transparent. 

According to our model, this ‘surface of last scattering’ 
was the total dust distribution in galaxies or protogalaxies at the 
epoch Z œ 40. Consequently, we cannot obtain direct informa- 
tion about the metagalaxy at earlier epochs (Z > 40), as it was 
then opaque. This conflicts with the detailed canonical model 
of the hot big bang cosmology which identifies this ‘surface of 
last scattering’ with a rapidly recombining plasma of tempera- 
ture T ~ 3,000 K at a much later epoch Z = 1,000, when the 
coupling mechanism between the matter and radiation was 
Thompson scattering (for example, see ref. 19). 

Despite this conflict, however, we do not claim that the 

observed microwave background radiation is inconsistent 
either with the basic concept of a hot big bang cosmology, or 
with a completely different class of evolutionary cosmology, 
for example, the symmetric cosmology of Klein? —?2, where the 
minimum radius of the metagalaxy was > 0.01 R}. 
_. We stress that the observed cosmic microwave background 
radiation does not give us direct information about the state 
of the metagalaxy further back than the epoch corresponding to 
Z œ 40, when galaxies or protogalaxies already existed, and 
when its own temperature was only about 110 K. To claim that 
it is strong evidence in support of the hot big bang cosmology 
whose earliest epochs correspond to Z = 10!2 with correspond- 
ing temperatures of matter and radiation > 10” K, iscompletely 
unjustified. 

We thank Drs Steve Willner and Steve O’Dell for useful 
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discussions. This work was supported by grants from NASA 
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Radiative acceleration 
of gas above a luminous. disk 


Spherically symmetric radiative acceleration has been con- 
sidered’ as a mechanism for the ejection of matter from quasi-. E 
stellar objects. I present some calculations showing that ina _ 
simplified case, a strongly beamed outflow will result if the 
source of the driving radiation is not point-like but a disk, 
Consider an infinitesimally thin, optically thick disk that — 
emits thermal radiation with an intensity /(r), The radiative __ 
force exerted by a surface element r dr dq, situated at cylindrical 
coordinates (r, , 0), on a spherical cloud with cross section S is. 


dF = (S/e) [2 hr I(r) (h? +- R? r?— 2rR cos) ~*/2] (1) 
x (AP 4-(R-- r coso) > (A, R—r coso) dr do 
where (R, 0, 4) are the cylindrical coordinates of the cloud. If 
the distance D = (h?~- R*) of the cloud from the disk centre 


is large compared with the effective disk radius, one finds by 
direct integration of equation (1) D 





where L is the, total luminosity of the disk and e is a unit vector 
pointing radially away from the disk centre. The net force on _ 
a cloud with mass m is due to the sum of F and the gravita- 
tional attraction of the disk and its central object. If the latter 

is dominant and has mass M, the net force is 


| EE (= ae Mom) (3) a 


Apparently, this force is directed away from the central object if 


+ 


h  R(4e*—1), e = SL/(4 n me MG) (4) 


where e is the Eddington number. Equation (4) defines a cone 
above the disk, the opening angle of which becomes larger with 
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Fig. 1 Orbits of clouds in the force field given by equation (3), 
with Eddington number e= 1. Solutions were made dimensionless 
by scaling with length unit ro (horizontal and vertical lines) 
and time unit (MGro ~?) ™?. Plot marks indicate time intervals of 
0.5. a, All initial velocities in the plane of the drawing. Initial 
velocity modulus 0.5, stepped by 15° from —90° to + 90°, b, 
Initial velocities as in (a), but all with initial velocity 0.1 added 
tangential to the disk. c, Same rotated through 90°. Every cloud 
passing through the disk is probably stopped there, which makes 
è the beam narrower than shown here. 
è é d 
increasing luminosity L. The existence of this cone is the cause 
of the beamed outflow. Equation (4) has solutions if 


2nm L aana LMo 
ç < TEP == 9,62 x 10 Ga 


) kgm~? (5) 
The cloud must be optically thick, so that m/S > my/o where o 
is a scattering cross section. If o equals the Thomson cross 
section, the ‘cloud’ is an individual particle, and equation (5) is 
the Eddington condition. 

I have considered two types of motion in the far field (3), 
namely the motion of individual clouds or particles, and the 
motion of an atmosphere. The former is a straightforward 
problem of classical mechanics, which was solved numerically 
by a fourth order predictor—-corrector method (Fig. 1). The 
motion of a stationary atmosphere was considered for a dust 








Fig. 2 Ggs flow ip the far field of the disk, if the gas pressure is 
negligible. The solutions have been made self-consistent by 
requiring that the accretion onto the central object with radius 
r, generates exactly the luminosity corresponding to the Edding- 
ton number of the flow pattern. 6, A = --1 [see equation (1)], 
u = 0.01; these parameters imply e = 1.42 and a disk thickness 


Thomson cross section, yr = 107? kg m™*, re = 10° m, M = 


of equation (14) indicates that for reasonable y, € is typically 
rather less than 5, 
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model (negligible gas pressure). In Spherical coordinates 
(r, ©, 9) the equations for this case are i . 

2 
Wil, + Be ug — JS ibe (2s cos8—1) (6) 
r r r 
TEE ATE T AE £7) 
r r 
E 2 — 4 = ve + —cot0) = —upp—— po (8) 
r F r s r 


where (u, 0, v) is the velocity vector and a subscript denotes 
partial derivation. The full equations, including azimuthal 
motion and a viscous dissipation term, also admit the type of 
similarity solutions that will be described below. These have 
been calculated also, but are omitted here for the sake of 
brevity; they are alike to the solutions giveů here, so that the 
main conclusions regarding the beaming and the influence of 
the Eddington number are not altered. Separating the variables 
by putting v = (0) (MG/r)t and u = —2 (MG/r)! of(8)/28, 
one obtains the ordinary differential equation 





2 
2 
2(%) +e +f? = —2ecosd + l (9) 


The streamlines follows from u and v as 


e, u 1 dr _, dlogf 


a Steen e FT -> P <E d (10) 


The density is found from equation (8) to be 
. p = y r^ f(0)?+?4/sin® (11) 


Further solutions for p can be generated from equation (11) 
by putting y = w(A), solving A from (ĉp/?A) = 0, and sub- 
stituting the solution into (11). Equation (9) has the solution 


f = {1—2 ela cos + (B + 4 6) sinO]} (12) 


The boundary conditions at 6 = 7/2, r = ©, dictate e= 1/(2€) 
—n/4 and a = 4—/s, where u is a small number determining 
the thickness z = r.f2(0,)/2u Of the disk at infinity. Here 9, 
is the angle at which the flow is just tangential to the central 
object with radius r, (Fig. 2). The boundary conditions at 
r =r, determine the value of e implicitly, as follows. 
Integration of pu over the region 0, < 8 < 1/2 gives the accre- 
tion rate 


M = 4nw r At? £2443 (MG/r.)t/(2A +3) (13) 


where f = f(0.). Because L ~ 3MMGIr., it follows from 
equation (4) that 


ye = feats y = L oe (MGr,)* (14) 


Now 6, is the solution of (0//20)(6,) = 0; because f = f(e, p) 
one has 0, = 6.(e, p), whence equation (14) becomes an 
implicit equation for £ with solution e(y). For given boundary 
conditions at r = ©, there is only one g thatemakes the flow 
fit at r = re (Fig. 2). 

To obtain the force field near the disk, equation (1) must be 
integrated numerically. This precludes simple analytic hydro- 
dynamics, so I have only numerically integrated the equations 
of motion for individual clouds or particles in the near field 
(Fig. 3). 
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Fig. 3 - Orbits:of particles in the near force field of equation (1). 
The particles were radiated isatropically in the plane of the 
drawing with initial velocity 0.25 (normalisation as in Fig. 1), 
starting one disk radius away from the central object. Eddington 
numbers are 2, 3, 4, and 5, respectively. Note that even near the 
disk, beaming is rapidly established. The % Of particles blown 
away is, respectively: 0, 18, 47, 70. These high values. suggest a 
self-regulatory mechanism for the disk luminosity, by non- 
acceptance of infalling material when e>2.5. Since strong 
beaming occurs for low e only, this regulation indirectly helps to 


maintain the collimated outflow. š 


Apparently it is possible to establish strong beaming within a 
distance of the order of the disk radius. Thus X-ray sources 
with double radio structure®-? and extragalactic radio doubles 
could in principle derive their shape from an asymmetry. of their 
central radiation field. A proper treatment of this asymmetric 
acceleration; however, will have to deal with radiative transfer! 
and must include considerations about the spectrum of the disk 
radiatién, Rayleigh-Taylor instability of the accelerated material 
(which perhaps gives rise to clouds in the first place), and 
. possibly the influence of magnetic fields. The problems involved 
: are too extensive to be readily estimated, but probably the 

beaming „will persist even when some radiation scattering is 
present. The reason to expect this is that, to first order, the 
radiation removed from the anisotropic component of F by 
scattering through an optical thickness t will emerge as isotropic 
radiation pressure, which counteracts the influence of gravity: 


(15) 


Near £ = 1, the value of 6 where F = 0 (that is, the opening 
angle of the cone within which the force iş directed outward) 
does not depend strongly on t; for example if e = 1.5, the 

opening angle increases from 70° at t = 0 to 90° at t = 1.1. 

_ I thank Jim Bardeen for a discussion on the type of similarity 
solution presented above, wh ich he arrived at independently 
in a rather different disk model: My work was supported 
financially by the European Space Agency, U.S. NSF and 
NASA. l A: 


Fr?/MG = 2ec “T cosh + e(1~—e-T)—1 
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Magnetic field amplification in | 
interstellar collisionless shock waves 


» 
+ 


IT iscommonly assumed that a simple compression of the magnetic 
field occurs in interstellar shock waves. Recent space observ: 
of the Earth’s bow shock show that turbulent amplificat 
magnetic field can occur in a collisionless shock. I show 
radio observations of Tycho’s supernova remnant indi 
presence of a shock wave with such magnetic field amplification 

A collisionless ‘shock wave can be characterised by thi 
parameters: the Mach number, M, or the Alfven Mach number, 








Mathe preshock ratio of thermal to magnetic pressure, B; and the — ae 










angle between the flow direction and themagnetic field, 0(compare _ 


with ref. 1) Formisano and Hedgecock? classified the structuresof + | 
E 


= 


the Earth’s bow shock as a function of these parameters. They. a 


found ‘that’in shocks with M, > 3, 


the degree of turbulence 


increased with 2. The dividing line between laminar and turbulent 
flow occurred at B ~ 0.1. A series of observations 8f high f bow. : 
shock structures have been reported by Formisano etal, who | 
found magnetic field increases in the shocks which were much ©. 
larger than normal. Typical field increases are by a factor of 2-4; 


but here increases by a factor of 20 or more were noted. In fact, in 
the first shock (B=8.0, M=6.5), the energy density in the 
postshock field was about equal to the dynamic pressure of the 
upstream solar wind; in the second (B=170, M = 7.4), it was 
~ 15% of the wind pressure, and in the third (B=49, M =7.3), it 
was ~ 30%, of the wind pressufe. There is at present no theory for 
the macroinstabilities which give rise to the turbulent amplifi- 
cation of the magnetic field. : 
Despite the lack of theoretical understanding, the possibility of 


field amplification in interstellar shock waves should be con- 


* 


sidered. In Tycho’s supernova remnant, there is evidence for the 


presence of a collisionless shock. M and $ of a shock are 


M =7.1 (V,/100 km s7 t) (7/10* K}! 


B = 3.9 (T/10* K) (n/1 cm~ °) (B/3 x 1076 G)? 


where V, is the shock velocity and T, n, and B refer to the 


temperature, density, and magnetic field of the ambient medium 


which is assumed to be ionised. M, is proportional to MB'/?. The 


distance to Tycho’s remnant is uncertain; distance dependent 
quantities will be be given in terms of De, which is in units of 6 kpe 


(refs 4, 5). Motions of the optical filaments in Tycho’s remnant 


imply a velocity of 6200 De km s~ ' (ref. 6). The filaments appear r 


along the outer edge of the radio emissien (J. R. Dickel, personal 


communication), so they probably outline the shock front. In 


many places, the outer edge of the radio emission is unresolved at 6 | — £ 
arc s resolution’, again providing evidence that this defines the ees 


shock front. The Coulomb mean free path of the hot postshock gas | 


is a significant fraction of the radius of the remnant, indicating hat 


collisionless heating of the gas occurs. The Mach numbg isla ers 
than 100, which is greater than the Mach number. of Observed = 


shock waves in*the Solar System. There is no reason to expect a 
collisiofiless shock to become less turbulent with increasing M. 







The height of Tycho’s remnant above fhe galactic plane is ` 


160 De pe. The density and magnetic field are not well known at 
this altitude, but it is likely that B>1. X-ray observations of the 
remnant indicate a high ambient density, n~4cm~3 (ref. 8). 
Stability of the gas to the Rayleigh-Taylor instability in the 

egalactic gravitational field may also require f >1. Thus, on the 
basis of observations of the Earth’s bow shock, it is expected that 
turbulent magnetic field amplification occurs in the shock wave of 
Tycho’s remnant. 

This hypothesis is supported by the radio observations of the 
remnant. Van den Bergh® found evidence from the filament 
motions that the remnant is in the adiabatic blast wave phase of 
evolution. The postshock flow can be described by a similarity 
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solution. Duin and Strom’ found that the observed radio polaris- 
ation, which implies a radial orientation of the magnetic field, 
could be quantitatively accounted fof by the similarity solution 
because of the radial stretching in the postshock flow. This model 
is, however, viable only if the magnetic field is randomised in the 
shock wave. If only tangentialeompression occurred in the shock, 
a very particular magnatic field alignment would be necessary to 
give the observed polarisation direction. Because a radial field is 
implied by observations of several young remnants, thisis unlikely. 
Thus, we have evidence that the magnetic field has been rando- 
mised in a turbulent collisionless shock. , 

Next, we consider to what extent the magnetic field is amplified 
in the shock wave on the basis of the nonthermal radio flux. First 
assume that there is no turbulent field amplification. The post- 
shock magnetic field is probably less than 1.2 x 107 > G because the 
ambient field is likely to be smaller than 3 x 107° G. If this field 
. occupies 25% of the supernova remnant volume, the magnetic 
energy is 5x 10*° De? erg. In order to produce the observed 
nonthermal radio radiation, a relativistic electron energy of 
2x 10*° D,? erg is required. This is an extreme lower limit to the 
relativistic particle energy because it assumes that the magnetic 
field 160 De pc from the galactic plane is the same as that in the 
plane, that the maximum field compression occuts ir? the shock, 
and that there is negligible energy in relativistic protons; the 
implied energy may actually be an order of magnitude higher. As 
the total energy release in the supernova is probably less than 
105! erg, this is a large fraction of the supernova energy. It is 
unlikely that such a high acceleration efficiency can be achieved, 
especially because adiabatic deceleration would be the main 
process acting on the particles in the absence of turbulence. On the 
assumption that there is no energy in relativistic protons, the 
equipartition field in Tycho’s remnant is 6x 10~° De” NEG., 
which would be accompanied by a particle energy of 
2x 1048 D!” erg. The corresponding magnetic field pressure is 
only 0.0277! D~ +87 % of the dynamic shock wave pressure. The 
required increase in the magnetic field, a factor of about 20, is 
comparable to that observed in high-B bow shocks. It is likely that 
the magnetic field has been turbulently amplified in the collision- 
less shock wave. 

The turbulent hydromagnetic motions may result in stochastic 
particle acceleration. Energetic particles are frequently observed 
in association with collisionless shocks in the Solar System. This 
subject is important in considering the radio omission from 
supernova remnants in the adiabatic phase of their evolution. The 
possible presence of turbulent collisionless shocks should also be 
considered in models of active galactic nuclei and double lobe 
radio sources. : 

I thank Dr E. Greenstadt for informative correspondence. 
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POOE oenar 


Lack of dust in 
quasar absorption line systems 





Tue origin of the absorption line systems in quasars is still un- 
certain'. Most such systems apparently have column densities of 
atomic hydrogen of the order of 10° cm~?, but, at least two 
quasars, 1331-+170 (ref. 2) and PHL 957 (ref. 3), have such 
strong Lyman a absorption fines that atomic hydrogen column 
* densities of the order of 102! cm~? are indicated. It should be 
possible to observe the dust produced 2,200 A extinction bump 
as it is redshifted into the visible*, and to determine whether the 
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absorptign line systems are produced in spital galaxies where the 
dust content is similar to that in the interstellar medium. McKee 
and Petrosian’ argue that the emission line regions of quasars 
generally lack dust, and that toward PHL 957 the 2,200 A 
feature is absent. From recent published data, I argue that dust 
similaf to that found in the interstellar medium is not found 


etoward the quasars 1331+170 and PHL 957. This could 


explain why H, is not found toward PHL 957, and it also in- 
dicates that the absorption line systems in quasars are nøt 
produced in spiral galaxies similar to ours. 

Carswell ef al.? measured the profile of the Lyman a absorp- 
tion line toward 1331-4- 170, from which they estimated that the 
line centre is redshifted to 3,370 Å! From their Fig. 3a, it 
seems that although the data are noisy, the residual intensity of 
the line profile reaches a value of 0.5 at abou{ 3,335 and 3,415 A 
to the blue and red, respectively. It therefore seems that the 
Lyman a line centre is at 3,375 A, which. agrees with redshift 
system A at z = 1.7755 (refs 2, 5). There is also a redshift 
system at z = 1.7852, but in general the equivalent widths in 
system B are smaller than the equivalent widths in system A 
(ref. 2). It js likely that most of the hydrogen toward 1331+ 170 
is in system A. In any case, the Lyman a line is so wide that it 
probably lies on the damping portion of the curve of growth, and 
the precise line centre does not affect the estimate of the atomic 
hydrogen column density, N@H). (Observations with higher 
signal-to-noise should be obtained to be certain that the Lyman 
a profile can ge represented by damping wings). The Lyman a 
half width at half maximum (HWHM) is 40 A. In the rest frame 
of the absorption line system, the HWHM is 14 A, and N(H) 
equals 3 x 107! cm~? (ref. 6). 

In our Galaxy, the dust-to-gas ratio is generally uniform to 
within a factor of two (ref. 7). We adopt E(B-V)/N(H) = 
0.2 x 10-2! mag cm~? (refs 8, 9). Assuming a ratio of total to 
selective extinction of R = 3.3 (ref. 10) and taking the standard 
extinction curve for the 2,200 A bump of Bless and Savage", 
then for representative wavelengths the dust optical depth may 
be written as (2,500) = 6.8 E(B-V), (2,170) = 9.3E(B-V) 
and +(2,000) = 8.2 E(B-V). In all stars with sufficiently great 
reddening for the extinction to be measured accurately, this 
bump is present with a strength within a factor of two of its 
average values!?. ° 

If N(H) = 3x 102 cm~? toward 1331+170 and if the dust- 
to-gas ratio in the absorption line system is similar to that in the 
interstellar medium, we would expect that E(B-V) = 0.6, and 
would expect to observe dust optical depths at 6,940, 6,020 and 
5,550 A of 4.1, 5.6 and 4.9, respectively. If lines are ignored, the 
flux density between 5,550 and, 6,940 A is observed to be con- 
stant to within a factor of 1.2 (ref. 5). If the dust-to-gas ratio 
were normal and assuming a flat spectrum, we would expect flux 
densities at 6,020, 5,550 and 6,940 A to be in the ratios 1:2:4. 
Although a more precise analysis is possible, it seems that the 
dust-to-gas ratio toward 13314170 is at least a factor of 20 
less than in the interstellar medium. 

From the measured equivalent widths? of the Fe H and Si ll 
lines in the z = 1.7755 system, we find that even if these lines lie 
on the linear portion of the curve of growth, these species have 
column densities on the order of 3 x 10'4 cm ~?. Therefore the gas 
phase abundances of the refractory elements iron and silicon 
toward 1331 + 170 is comparable to the gas phase abundances of 
the same species toward Ų Oph (ref. 13). There is no reason to 
suppose that the lack of dust toward 1331+ 170 results from a 
lack of metals. 

The column density of atomic hydrogen toward PHL 957 
is 7.5-+2.5 x 102 cm~? (ref. 14). Except for a very broad C IH 
line, between 6,000 and 9,000 A the flux density seems to be a 
power law within a factor of 1.2 (ref. 14). In the absorption line 
system at z = 2.3088, we would expect a flux density variation 
between 7,180 and 8,270 A (corresponding to 2,170 and 2,500 A 
in the rest frame) of a factor of about 1.5. It therefore seems that 
there is a lack of normal dust toward PHL 957 by at least a 
factor of two, in rough agreement with McKee and Petrosian’s 
estimate‘, 
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I conclude that the absorption line region toward 1331 --170 
and probably the region toward PHL 957 are lacking dust 
similar to that in our own Galaxy. This can explain the lack of 
H, in these systems?* 13, The column density of atomic hydrogen 
toward 1331+-170 is so high, however, that it is unlikely that we 
are observing this quasar through a galactic halo! where the 
dust content might be unusually low. In the disk of a spiral* 
galaxy, we would expect the dust/gas ratio to be comparable to 
the value in the interstellar medium, and it seems unlike that the 
absorption line system at z = 1.7755 toward 1331-+170 is 
produced i in a spiral galaxy similar to ours. 

“T thank Drs C. McKee and D. Richstone for their comments. 
i This work was supported*by the US NSF. 
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Relationship between atmospheric 


electricity and microwave radio propagation 


ABRUPT changes in received polarisation coincident with 
lightning strokes have been seen on a 20 GHz satellite-to- 
earth radio link. These effects, and the surprisingly high 
levels of atmospheric cross polarisation observed on satellite 
links,” have been tentatively attributed to high altitude ice 
crystals and their possible alignment by electric fields*?. 
In:this paper we shall add to the existing data by presenting 
a precise measurement of the time scale of the abrupt 
polarisation changes and an event showing a striking cor- 
relation between the electric potential gradient at the 
ground and the cross-polarisation of signals received from 
the satellite. This is believed to be the first time that direct 
measurements of atmospheric electric fields have been 
related to microwave propagation measurements. 

The linearly polarised 20 GHz beacon signal from the 
NASA ATS-6 geostationary satellite was received at the 
Bradford University Oxenhope Laboratory during the 
period October 1975 to July 1976, while the satellite was 
stationed at longitude 35°E. At the receiving site (which 
is 450m above sea level) the satellite was visible at 20° 
elevation with a 23° polarisation counter-clockwise from 
the vertical. Both the ‘copolarised’ and the orthogonal (or 
‘cross-polarised’) received signals were measured. Without 
atmospheric hydrometeors present on the radio path, the 
cross-polarised component was typically >35 dB below the 
co-polarised component. A co-sited range-gated radar 
provided a quantitative measurement of reflectivity along 
the satellite radio path’. 

It is now apparent that the cross-polarisation measured 
on a microwaye or millimetre wave satellite radio path can 
be an order of magnitude greater than that experienced on 
a terrestrial link for the same attenuation’. The cross 
polarisation measured on a terrestrial path agrees with that 
predicted from a rainfall model assuming anisotropy to 
arise from non-spherical raindrops**, whereas small, high 
altitude ice particles (possibly needles or plates) can cause 
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significant cross-polarisation on a satellite path’***. This 
high-cross polarisation, not related to attenuation, aso 
observed on satellite? radio paths has been termed 
‘anomalous’ although this description may be questioned. 

During 1,050 h of measurements with ATS-6 (in discret 
sessions of typically 4h per dì nine separate ‘anomali 
events were recorded (that is, evemts involving $ 
weather structures). Typically, as a rainstorm m 
the receiving site, high (anomalous) cross-pol 
varying on a time scale of minutes, was observed” 
times when the slant radio path intercepted the 
particles in the storm structure’. In addition, du 1] 
thunderstorm on 7 May, 1976, abrupt changes in cfoss 
polarisation were observed (Fig. 1), in which the cross- 
polarised signal increased suddenly by several dB relative a 
to the copolar level, and then returned close to the value 
before discharge in ~45s, Of the twenty abrupt changes. _ 
recorded during this event, four coincided with lightning — 
strokes, as noted by observers on site for a short — 
period of the storm. The other abrupt changes in cross- 
polarisation may also have been associated witle lightning. 

The rise times of the 15 largest abrupt cross-polarisation. 
changes Weré found to te between 0.1 and 0.25s, from 
FM tape recordings taken in a 500 Hz bandwidth. Sixteen 
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Fig. 1 Abrupt changes in cross-polarisation during a thunder- 
storm. 
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of the abrupt changes showed a rapid rise in cross-polarisa- 
tion, whereas the remaining four were decreases. These 
changes are self evidently not ‘sferics’ (in view of the 
relatively long decay times) and were only seen in the one : 
event during ATS-6 sessions which showed pronounced: . 
lightning activity. Identical changes were observed with 
two independent, coherent receivefs for the cross-polarised ae 
signals and furthermore, no abrupt changes were seen in oe 
the co-polarised signal. oe 

Following the observation of changes in cross-polarisstion : 
coincident with lightning strokes, a point-discharge electr 
field probe’. and a photoelectric lightning detector -w 
installed on site. The fine wire electrode of the fiel 
probe was 4 m above ground. Although no further ‘light in 
activity was recorded during satellite sessions, a stron 
correlation between anomalous crgss-polarisation and 
point-discharge current was observed in three subsequent. 
events, one of which, with a predominantly positive dis- 
charge current, is shown in Fig. 2. It is interesting to note 
that there is a better correlation between the probe current 
and cross-polarisation than between the co- and cross- 
polarised signals. In the other two events, a pronounced cor- __ 
relation between electric field on site and satellite path cross 
polarisation has been seen to occur with a time displacement, 

To summarise, we have observed a pronounced correla- 
tion between electric field strength (measured near the 
ground) and cross-polarisation on a satellite radio path? 
Radar returns from high altitude (>3 km) particles, coinci- 
dent with the appearance of high cross-polarisation, point 
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to ice particles as the cause for such cross-polarisation'*’*, 
e Analysis of the scattering from spheroidal ice particles** 
shows that high cross-polarisation can occur with small 
particles for low signal attenuation, provided that some 
degree of particle orientation is present. 

Hendry and McCormick" have recently reported a high 
degree of orientation of ice particles from dual circularly 
polarised radar observations, which they have explained in 
terms of particle alignment in an electric field. 10° V m`’ 
has been shown to provide sufficient torque for rapid 
(~0.1 s) orientation of small ice spheroids’. 

We also interpret our results in terms of the orientation 
of small ice particles (1 mm or less) in the electric fields 
associated with convective storms. We emphasise that a 
degree of particle orientation does not necessarily imply a 
high degree of instantaneous alignment. Without sig- 
nificant damping forces imposition of an electric field on a 
randomly orientated group of ice needles or plates will 
produce simple harmonic motion around a preferred 
(average) orientation. The depolarisation from ice needles 
or plates® is such that only a small degree of preferred 
orientation is necessary for cross-polarisation. 

In certain regions of $torms aerodynamic turbulence will 
tend to disrupt field alignment, however it seems that in 
the upper regions of storm structures (typically >5 km in 
summer) turbulence is sufficiently low to permit a high 
degree of orientation”. Also the rapidity of alignment for 
small particles in strong fields, should permit realignment 
in the presence of turbulence provided that the latter is not 
overwhelming. 

Alignment under aerodynamic forces afone is, con- 
ceivable, but this does not explain the rapid lightning- 
correlated rises in cross-polarjsation or the correlation 
between electric field and cross-polarisation. 

The abrupt increases in cross-polarisation that we have 
observed may be interpreted in terms of the redistribution 
of charge in a thunderstorm at the incidence of a lightning 
stroke, resulting in a change in particle orientation. We 
emphasise that for linear polarisation a change in particle 
orientation with respect to the polarisation plane of the 
incident wave could result in either an increase or decrease 
in cross-polarisation, but ‘a measurement with circular 
‘polarisation would show cross-polarisation related directly 
to the degree of particle orientation. Since coherent 
receivers were used for extraction of our cross-polarised 
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tool Fig. 2 Anomalous cross-polaris- 


ation and point-discharge current. 
Using an expression by Chalmers’ 
the elecwic potential gradient, 
derived from the point- discharge 
current, is estimated at a maximum 
of 5kV m7! for ¿he first peak and 
1.7 kV m~ for the second pegk. 
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signals (phase locked to the copolar signal), explanation of 
the abrupt cross-polarisation changes in terms of in- 
coherent emissions from ionisation or lightning flashes is 
not credible. | 

df the rapid, lightning-correlated cross-polarisation 
changes that we have observed are caused by particle re- 
orientation then we must, conclude, from the observed 
orientation times, that small particles are respensible. 
Small particles are also inferred from the absence of sig- 
nificant attenuation during anomalous cross-polarisation®”’. 

The precise nature of electric fields in thunderstorms js 
a matter of current debate? and we hesitate to be dogmatic 
about the model applicable to our observations. Measure- 
ments of satellite cross-polarisation with circular polarfSation 
would help clarify this issue. Apart from the implications 
of our results for the communications engineer, we would 
expect our results to be of relevance to the understanding 
of thunderstorm models. g 
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Decomposition of silicate 
glasses in alkaline solutions 


WHEN a silicate glass comes into contact with a neutral or a 
slightly alkaline aqueous solution the only reaction which 
occurs is a diffusion controlled hydrogen—alkali ion exchdnge. 
The silica network is stable. In solutions with pH > about 9, 
the network starts to break down at its interface with the 
solution. The rate of breakdown increases sharply with in- 
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creasing pH; simultaneously the ion exchange rate decreases 
sharply. In solutions with pH > about 12 it is difficult to detect 
the alkali released in solution by classical microanalytical 
methods as the solution is primarily made up of alkali hydroxide. 
It has been repeatedly suggested that the ion exchange reaction 
ceases to occur under these conditions and that the dec6mposi- 
tion process becomes only a network breakdown. Surface and 
in-depth concentrations of alkalis in a glass which has been 
Subjected to a highly alkaline solution have been determined 
by Auger electron spectroscopy (AES). Our results indicate 
that the ion exchange does not cease to occur in highly alkaline 
solutions as commonly believed. 

The decomposition may be represented. by the following 
scheme: 


(ly (2) 
*Ssio- Mt. + I == Isio- H + Mt 
(glass) (solution) (glass) | ee 
; e SSiO-M* + I+ 
(solution) (solution) 
(3) 


where M denotes an alkali* atom, usually sodium, while I 
denotes a solvated monovalent cation, usually a proton. This 
reaction scheme is widely used in discussing the physicochemical 
processes (corrosion, membrane potentials, electrokinetic 
phenomena, etc.) exhibited by glass and by many silicates. 

The scheme often appears as two separate equations relating 
(1) = (2) and (2) = (3). Ion exchange processes which take 
place in aqueous solutions and involve a solvated proton gs a 
reacting species are essentially acid—base reactions. Reactions 
(D) (2) and (2) 2 (3) are related through the equilibrium 
constants of the conjugate 


+SiOH/= SiO- 


aciu—base pair? by the relation K,K, = Ky = 10-1 at 25 °C. 
K. being of the order 1071, K, ~ 10., 

In alkaline solutions where damt > aoy~ > apt a shift of the 
equilibrium towards positions (2) and (3) is favoured. The 
reverse occurs in acidic solutions. Studies on the kinetics of 
approach to the equilibrium of reaction (1) — (2) and (2) — (3) 
have been carried out in aqueous solutions buffered at pH values 
of 1-13. For pH of 1-9 the rate of dealkalisation remained 
constant, and independent of the pH of the solution, and 
sharply decreased with increasing pH thereafter. The rate of 
*breakdown was extremely low in the pH range 1-9 and sharply 
increased with pH above the critical value of about 9 (ref. 1). 

Chemical analysis of alkalis and silica in the glass and in 
solution, at various pH values, shows that the ratio M,O/S,O, 
is always higher in acidic, neutral and slightly alkaline 
solutions than in the glass. This is considered! to imply 
that reaction (2) —> (3) lags behind reaction (1)-> (2) and a 
silica-rich leached layer is developed on the glass surface in 
contact with the solution. The existence of such’a layer has 
been proved* by the establishment of in-depth composition 
profiles of glasses which have been in contact with aqueous 

solutions of varying pH. 

As the pH of the solution increases aave 9, the M,O/SiO, 
ratio in the solution slightly decreases and tends to approach 
the same value as in the glass. Hence, it has been inferred? 
that the decomposition of glass becomes entirely a dissolution 
process, that is, a network breakdown as represented by reaction 


'(2)— (3). This inference is tempting, because it appears® 


difficult for a solvated alkali ion in solution to re-enter the 
glass by reaction (2)-> (1) to occupy a site originally filled 


_ by an anhydrous alkali ion. The almost linear rate of decompo- 


sifion of glass in highly alkaline solutions has been considered 
to support such inference, but concrete evidence is lacking. 
‘Analytical solution chemistry is little value for deciding 


- whether reaction (2) —> (3) goes faster than reaction (2) — (1) 


° 705 


or continues to lag behind it bécause one would have to detect _ 
parts per million of the alkali species originally present in the 
glass in the presence of much higher concentration of the other. 
alkali species which is used for buffering the medium. We have 
devised the following experiment to decide whether the break- 
down of glass represented by reaction (2) —> (3) supersedes 
ion exchange reaction (2)~-» (1) under the extrem iti 
where amt > Aou” > Gy*. Two identical fresh 
samples were prepared by breaking down a commer : 
lime-silica glass container which has not been subjected to any 
surface treatment. The approximate composition in weight 
per cent of the glass was as follows: 74% SiO, 13% Na,O,_ 
12% (MgO+ CaO) and 1% other oxides. The first sample.was - 
immersed in a solution of 0.1 M NaOH; the second in a solution. 
of 0.1 M NaOH-+-1.0 M Li,CO,. Each sample was allowed to- 
remain in contact with the solution for 5 hat 25 °C. Lithium 
was chosen as a tagging cation as the free energy change of its 
association with the --> SiO- sites makes it more favourable to 
other alkalis®. If reaction (2) — (3) proceeds faster than reaction 
(2)— (1), lithium could not be detected on the treated glass 
surface, and complete dissolution of the glass in highly alkaline 
solutions, already inferred by many workers, would become 
evident. Tf, dn the other hand, Lit, not in association’ with 
carbon, from the CO,?~ radical, with which it must be at least 
partly associated in solution, could be detected in the glass to 
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Fig.1 Auger electron spectra for (a) Spodumene fracture 
surface (6) Soda-lime-silica glass surface treated in 0.1 NaOH 
_(c) Soda-lime-silica glass treated in 0.1 N NaOQH+1.0 N Li,CO,. 
(d-h) Sample c after bombardmeht with a 2.0 keV beam of argon 
ions for 0.5, 2.0, 6.0, 10.0 and 18.0 min,, respectively. Beam, 
voltage, 3 kV; beam current, 3A (~ 250 um diameter); modu- 
lation amplitude, 5 eV; scan rate (0-100 eV), 2 eV 7; time 
constant, 1 s; sensitivity, 1 pV. 





i some depth, this would indicdte a decomposition process in 
which the ion exchange reaction still has a role. 


a 
>Sio-Nat + Lit =o }SiO-Lij + Nat 
(glass) (solution) , (glass) (solution) 


AES was performed on the two glass samples treated in the 
manner outlined above. The technique used was that described 
by Pantano et al.? for glass surfaces. It involves cooling the 
samples to liquid nitrogen temperature, maintaining the beam 
current density at low value and minimising the electron 
irradiation time. Approximate surface and in-depth concentra- 
tion of alkalis were determined from the spectra using an Ar 
ion-milling apparatus to remove surface material while simul- 
taneously analysing with AES. The change in the Auger 
peak-to-peak height of each species is generally assumed to be 
_ proportional to the change in concentration of that constituent. 
Figure 1 shows.the spectra obtained. 

The spectra of a spodumene (Li,O.Al,0,.4SiO,) fracture 
surface was obtained as a standard, because of the difficulty of 
identifying the Auger transition for Li (Fig. la). The peak 
energy for the Auger transition assigned to Li is 37 eV, while 
the main Si peak appears at the 74eV with a minor peak at 58 
eV, and the Al peak appears at 51 eV. In Fig. 1b the only Auger 
transition in this energy range is due to Si (58 eV). The main 
silicon peak at 78 eV is not shown. In Fig. le in addition to Si, 
the peak identified as being due to an Li Auger transition is also 
detected. In Fig. 1d-h, the persistence of a Li signal for up to 
10 min of ion milling (~ 250 A) suggests the existence of Li 
“within the glass surface. Also, the sodium peak intensity of the 
surface treated with NaOH+Li,CO, was approximately 40% 
less than that measured on the glass treated without Li. This is 
a reasonable result as the sites now occupied by Li would 


> otherwise be occupied by Na. These results lead us to exclude 


complete dissolution, or glass network breakdown, as a possible 
mechanism for glass decomposition in these solutions and 
conclude that the ion exchange continues to have an important 
role even in highly alkaline solutions. 

Ceramic materials and more than two thirds of the rocks 
constituting the Earth’s crust are basically made of the same 
building unit as glass, that is, the silicon—oxygen tetrahedron, 
and consequently undergo the same sequence of reactions with 
aqueous solutions. The present conclusion possibly applies to 
other silica-based materials. 
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-A near perfect 

_ shape-memory ceramic material 

-0 APTER high temperature plastic deformation and cooling 

under load to room tempefature, glass-ceramics containing 

“mica as the prineipal crystalline phase retain a near-perfect 

- memory of their undeformed state, the plastic strain being 
recoverable by a subsequent high temperature anneal. Acti- 
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vation energy measurements support „the hypothesis that 
dislocations in the mica crystals control the shape-memory 
process. Ss 

The elastic martensitic transformations responsible for 
shape-memory phenomena in certain metal alloys have 
been the subject of extensive research, recently reviewed 


eby Wayman’. In principle, any multi-phase system contain- 


ing phases with different viscosities (but equal shear moduli) 
can also exhibit shape-memory behaviour since elastically 
strained components are capable of driving viscous elements 
back towards their original undeformed shapes. Such be- 
haviour, by internally oxidised copper, has been demon- 
strated by Brown and Stobbs’, ‘ 





Fig. 1 The shape-memory behaviour of a mica glass-ceramic. The 

specimen on the right has been subjected to high temperature 

compression before unloading at room temperature (6) and then 
annealed at high temperature (c). 


At temperatures >300 °C, mica can be deformed plas- 
tically by slip between its basal layers. Such deformation in 
crystals intimately mixed with a rigid, multiply connected 
phase should permit retention at room temperature of any 
small shape change imposed on the phase mixture. at 
temperatures above 300 °C; since glide in mica is not pos- 
sible at low temperature, removal of the mechanical 
constraint, after cooling to room temperature, is not 
accompanied by the reversal of plastic strains in the mica 
that would be required in order to release fully the elastic 
strain in the matrix. The elastic strain energy thus stored 
provides a driving force for recovering the undeformed 
shape, should the temperature subsequently approach 
300 °C. If the micaceous phase is singly connected, no 
plastic strain can leak to the free surface. and, in principle, 
the phase mixture should be capable of returning precisely 
to its original shape. se 

The series of mica glass-ceramics developed at Corning 
Glass Works? fit this specification for a perfect shape- 
memory solid. The volume fraction of fluorophlogopite, the 
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Fig. 2 Summary əf torsional strain recovery data obtained from 
Corning 9650. 


main crystalline phase, is typically 2/5 to 3/5, with maxi- 
mum crystal diameters ranging from 44m to 100 um and 
aspect ratios. of order 10:1. The mica glass-ceramics are 
easily machined using conventional tools, and helical speci- 
mens having outer diameter 2 cm and pitch® 3.2mm were 
cut from as-crystallised rods. Figure 1 shows two identical 
helical specimens machined from Corning code 9650, (a) 
before deformation, (b) after quickly cooling the specimen 
on the right from axial compression at 500 °C and (c) after 
subsequently annealing (b) for 2h at 800°C, Each inti- 
vidual pitch has recovered at least 87% of the imposed 
strain.,In other preliminary experiments, recoveries of 99% 
after prolonged anneals have been attained. 

Using improved specimens ultrasonically machined from 
Corning codes 9650 and 9658, accurate measurefnents of 
axial strain recovery have been made during annealing at 
several temperatures. The measurements have been con- 
verted to local torsional strain and Fig. 2 shows a summary 
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Fig. 3 Indentation creep of muscovite single crystals. (Long axis 
of Knoop indenter parallel to a axis.) 


of the data for Corning code 9650. Similar data was obtained 
for glass-ceramic code 9658. For each material, the data 
from all temperatures may be superposed on to a master 
curve at, say, 1,000°C merely by shifting the individual 


‘curves horizontally. Assuming that a single mechanism is 


rate controlling, the shift corresponds to an activation 
energy of 42+5kcalmol™ for Corning 9650, and 22+3 
keal mol” for Corning 9658. These are much lower than the 


activation energies for large scale, high temperature creep 
of the same mica glass-ceramics. In the temperature range 


+ 


. 707 


480-670 °C, for example, Corning 9650 tested in tension 
creeps with an activation of 100 kcal mol“! (James and 
Ashbee*). The larger aetivation energy is characteristic of © 
flow of the glassy matrix, whereas the activation energy for 
shape-memory behaviour i is expected to be that for disloca- 
tion glide in mica. A measurement for the latter, ‘obtained © 
from the temperature/time dependence of the micro- 
hardness of muscovite shown in Fig. 3, is 29+4 keal -n i ori 
The authors thank Corning Glass Works fo indly — 
supplying the materials used in this investigation. 
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The use and misuse of pure 
water PVT properties for lake waters 


ALTHOUGH dissolved substances affect the thermodynamic pro- 
perties of lake waters,':? many limnologists still consider lake 
water as pure water*~®. This can be a good assumption if used with 
caution: lake water is by no means pure water, especially when the 
precise pressure, volume, temperature (PVT) properties are con- 
sidered. PVT properties of lake water can be determined from an. 
equation of sate for seawater provided that the total mass fraction 
of dissolved salts in seawater and lake water are equated’. In 

addition, the total mass fraction of dissolved salts affects calcu- | 
lations concerning the temperature of maximum density and thus < 
stability’. Therefore, in the absence of direct PVT measurements — 

on a particular lake, it is at present most appropriate to use an 
equation of state for seawater when examining effects of PVT. 
properties in lakes. We present here,a short equation of state. 
determined with a precision of 2 x 1076 gcm~ 7 in density over the 
appropriate range for most fresh water lakes, 0-0.6%, salinity, = 
0-30 °C, and 0-180 bar. The equation of state is based onthe l atm. 
pure water density and compressibility equations of Kell’!, the 
pure water temperature and pressure effects of Fine and Millero?2, eos 
and the effects of dissolved salts of Millero et al, +? and Chen and = 
Millero'*: g E 

e 


i d® = d°/(1—P/K) ta i 


d° (g cm™?) = 0.9998395 +69914 x 10757 
~ 9.0894 x 10°62? + 1.0171 x 10777? 
— 1.2846 x 107?z4 + 1.1592 x*107}1z4 
— 5.0125 x 10746 + (8.221 x 10 : 
— 3.87 x 106r +4.99 x 107872) S(%,) D 


K(bar) = 19652.17 + 148.3767 — 2.3297? 
= 1.3963 x 107727 — 5.90 x 1054 
+ (3.2918 — 1.719 x 107+ 1.684 x 10°477)P 
+ (— 0.8985 + 2.428 x 10-744 1.114 x 10-7 P) S(%,) (3) 


where d” and d° are the densities of lake water at applied pressures 





Pand 0 (sea level), respectively, tis the temperature in °C, S(%,) is 

the salinity: å 

Slo = 0.9951437 g7 (4) 
+ 


where g+ is the total grams of digsolved salt in 1 kg of lake water’ ° 

The values of gy usually increase with depth due to the increase of 
HCO, Ca? * and nutrients'®. The small changes in composition 
in a lake can be accounted for by making the appropriate changes 


in gy. Further, Millero? and Millero ez al.” showed that the , 


densities calculated from the seawater equation of state for Lake 
Tanganyika water and artificial river water agree with the 
measured values to within +2 x 10-°g cm™ despite the large 
composition difference between the two waters. This verifies the 
validity of our equation of state for fresh waters. 

One atmosphere densities computed from equation (1) at 0.15, 
0.30, and 0.60%, salinity over the temperature range of 0-30 °C are 
shown in Fig. 1. Also shown are the densities for pure water at 0 and 
1.0 bar (gauge). Itis clearly shown that even a nominal amount of 
salt, 0.15%, salinity or 151 mg kg™', increases the density of pure 
water appreciably. At 0 °C, the increase in density is 123 x 10°°g 
cm, which îs equivalent to a change of 2.4 bars in pressure or 


+ 


d (g cm~?) 





0 . 10 20 
TCC) 


Fig. 1 Densities for pure water at 0 (———--) and 1.0 (— — —) bar 
+ (gauge) and for lake waters at 0.15 ( ),0.30( )and0.06( )% 
salinity at 0 bar (gauge) over 0-30 °C. 


i 29°C im a This increase in density has often been 
| neglected and it is certainly not negligible. . 
<> The existence of a temperature of maximum density, Thp. is of 
fundamental importance in limnology. An equation is given to be 
used to estimate Tup with a precisfon of 0. 001 °C, 

















= - (0. 2230+ 1. Hi x 10° ioe SCZ. (5) 


cat L atm, a nominal amount of salt, 150 mg kg” *, in a fresh- 
“water lake contributes 0.033 °C to the depression of the tem- 
perature of maximum densify. This seemingly small number, 
0.033 °C, which corresponds to the effect of 16.8 m of water, is 
“orders of magnitude larger than the precision of the in situ 
temperature measurements and certainly should not be neglected. 
~ We, «therefore conclude that the salt content is of significance in 
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freshwater lakes and our equation of state should be used to 
calculate reliable PVT properties for lake waters. «` 

This work was supported by the Office of Naval Research and 
the Oceanographic Branch of the US NSF. 
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Raman scattering and the characterisation 
of atmospheric aerosol particles 


A$RBORNE particulates have a major role in the air pollution 
problem. They are responsible for acid rain, reduced visibility, 
and, in certain size ranges, are deposited in the lungs where they 
can cause various disorders. Considerable effort hås been 
expended in the analysis of these particulates using techniques 
such as wet chemistry, X-ray fluorescence, infrared spectroscopy 
and ESCA. Yet there are still great uncertainties as to the 
chemical form and origin of many of the particulate species. We 
describe here preliminary studies of the feasibility of chąracter- 
ising particulate pollutants by means of Raman spectroscopy. 
We believe that this is the first attempt to apply this spectroscopic 
technique in this area of research. The samples studied included 
diesel exhaust particles, automobile exhaust particles (unleaded . 
fuel, no catalytic converter) and several ambient air samples. 
The spectra from these samples were compared with. those of 
polycrystalline graphite and activated carbon which were used 
as references. Our results indicate that physical structures similar 
to activated carbon are at least a major species and may be the 
dominant species in both source-enriched and ambient. samples. 
The implications of this observation could be quite important in 
terms of atmospheric chemistry, health effects, weather modifica- 
tions and the effects of aerosols on the albedo. 

The beam from atCoherent Radiation argon ion laser (opera- 
ting with 1 W at 5145 A) was focused by a 75-mm focal length 
cylindrical lens to a spot of 0.06 x 2 mm on the sample surface, 
and the backscattered radiation was collected and imaged by an 
f/3.4 lens on to the slit of a Jarrell Ashe double monochromator. 
The incident polarisation of the laser was perpendicular to the 
slit of the spectrometer, and the scattered polarisation was not 
analysed. The output of the spectrometer was detected by an 
FW130 photomultiplier cooled to —20 °C and used in a photon- 
counting mode. The photon pulses, after appropriate pulse 
shaping, were counted and displayed on a multichannel 
analyser. To minimise heating effects, the highly absorbing 
samples used in these experiments were. rotated at 1800 r.p.m. 
by a motor—this increases the area illuminated by the laser 
beam by a large factor with almost no loss in signal level, The 
focal spot of the laser was located approximately 5 mm below 
the axis of rotation so that the effective illuminated area was an 
annulus of radius 5 mm and width 2 mm which yielded a rather 
low power density of ~ 1.5 W cm~’. 


Pa : ' 
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The samples used if these experiments were EDM 3 grade 
polycrystalline graphite (POCO Graphite Inc.), Norit A acti- 
vated carbon (Pfanstiehl Labs), diesel exhaust collected on a 
-glass fibre filter, automobile exhaust collected on a glass fibre 
filter from a number of cold starts of a poorly tuned 1974 Ford 
Pinto (lead-free fuel; no catalytic converter), and an ambient 
samples collected in 1975 as part of EPA’s RAPS programme in 


St. Louis, Missouri. The latter sample was collected on a 1.2-um° 


Millipore filter using a dichotomous sampler’ and was in the 
small size range fraction. The diesel and car exhaust samples 
were removed from the filter and transferred to an aluminium 
flat. This technique allowed us to obtain excellent Raman spectra 
of the particulates without interference from the large fluo- 
rescence of the filter material. This technique could not be 
applied to the ambient samples because of insufficient loading, 
and therefore in ¢his case the Raman spectrum was obtained 
direetly from the particles on the Millipore filter substrate. 

Figure 1 shows the Raman spectrum obtained from automobile 
exhaust. Similar spectra Were observed for diesel exhaust, acti- 
vated carbon, and polycrystalline graphite with the dominant 
features of the spectrum occurring at 1,200-1,700cm~'. For poly- 
crystallir graphite a strong line is also observed at ~ 2,700 cm~? 
which we associate with a C-H vibration. In the ambient sample, 
where the signal to noise is severely limited by the large 
fluorescence background, the only lines that were clearly seen 
above the noise level were also in the 1,200-1,700 cm~? spectral 
region. Figure 2 shows the Raman spectrum for the various 
samples in this region. ° 

Koenig et al.? measured the Raman spectrum of a single 
crystal of graphite as well as that of polycrystalline graphite and 
activated carbon. In a single crystal only the Raman mode near 
1,600 cm~? is observed, and from a group theoretical analysis, it 
has been assigned to the k=0 E,, phonons of the graphite lattiee. 
The mode near 1,350 cm ~ appears only in samples which are not 
perfectly ordered, and its intengity relative to the one near 
1,600 cfn ~t! varies inversely with the crystallite size, La, as obtained 
from X-ray data. Solin ez al.” have shown that this ratio tends to 
saturate for crystallite sizes less than 40 A. The identification of 
the 1,350 cm ~ mode is uncertain, but Koenig et al. suggest that 
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Fig. 1 Raman spectrum of automobile exhaust in the spectral 

region between 90 and 3,830 cm. The slit width for this scan 

was 3 A. The lines identified bel an asterisk are due to grating 
ghosts. 


it may be due to an A,, phonon which is normally Raman 
inactive but is gctive in this case due to a breakdown of the k 
selection rules by the small crystallites in the sample. 

It is evident from Fig. 2 that the spectra of activated carbon, 
diesel exhaust, automobile exhaust, and the ambient sample are 
very similar. The positions of the two Raman modes in these 


spectra are coincident to within + 10cm ~! which is the estimated 
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Fig. 2 Raman spectra between 1,200 and 1,700 cm~ of a, ambient 
sample; 6, automobile exhaust; c, diesel exhaust; d, activated 
carbon and e, polycrystalline graphite. The slit width for samples . _ 
b-e was 3 A; for sample a, 7-Å slits were used to improve = 

signal to noise ratio. A ihe S 
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experimental error. Since the phonon frequencies are a sensitive 
probe of the lattice, we suggest that these spectra give strong 
evidence for the existence of physical structures similar to 
activated carbon in the samples we have studied. This is not 
surprising since activated carbon is also produced in a 
combustion process. P e 

We can estimate from literature data? the crystallite sizes in the 
various samples from the intensity ratios of the two observed _ 
Raman modes. The automobile exhaust and diesel exhaust | 
samples have roughly the same peak intensity ratio, yielding 
crystallites of ~ 50 A in size, while the ambient sample seems to 
have crystallite sizes of ~ 100 A. We would expect such struc- 
tures to have very large internal surface area. 

Novakov et al.* have proposed that fine soot particles, which” 


in many ways are similar to activated carbon, may have a major 





no p 


role in atmospheric chemistry. ‘To assess the importance of the 
proposed soot-catalysed reactions, it is important to determine 
the chemically active primary carhon in the carbonaceous 
fraction of ambient and source-enriched aerosol particles. Our 
results indicate that physical structures sinfilar to activated 
carbon ate present in diesel exhaust, automobile exhaust and 
ambient samples. The fact that these features tend to dominate 
the Raman spectrum may indicate that graphitic ‘soot’ is the 
major species in the samples we have measured. But, the large 
intensity in these modes may be due just to their large Raman 
cross-section, and therefore a quantitative interpretation of these 
results will have to await a more detailed analysis. Such an 
analysis will have to include measurements of the Raman 
cross-section, optical absorption cross-section, and take into 
account the little-understood particle size effects". 

We thank B. W. Loo for providing samples. This work was 
supported by the US ERDA and NSF. 
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Fluctuations of seismicity 
before major earthquakes 


LONG-TERM precursory changes of seismicity previously 
reported are (1) a change in the relationship between earthquake 
frequency and magnitude, and (2) a decrease in the frequency of 
micro-earthquakes. In a review of earthquake precursors 
Rikitake! cites eleven examples of the former and three examples 
of the latter. On the dilatancy hypothesis a decrease in activity 
is to be expected from dilatancy hardening”; an egrlier gradual 
increase of activity due to the secular increase of tectonic stress 
was also postulated®. A more distinctive sequence of seismicity 
fluctuations can be recognised from data in seismological 
bulletins. The fluctuations are large: a burst of activity marking 
the start of the precursory sequence is followed by a period of 
abnormal quiet, and this lasts until the onset of the major event. 
We report here charactgristic changes of minor earthquake 
activity, preceding a number of recent major earthquakes in 
regions with good seismographic coverage, and suggesting a 
new basis for long-term prediction relying directly on the normal 
_ data output of permanent seismograph networks. 
' The initiating burst of activity differs markedly from the 
major event: the general level of magnitude is substantially 
lower, and no earthquake is much larger than the rest. Thus 
the term ‘precursory swarm’ is appropriate, for although earth- 
quake swarms are commonly regarded as characterising regions 
of Quaternary volcanism it is the lack of a main shock that 
distinguishes a swarm from aetypical tectonic event. The 
abnormally low activity with which the precursory sequence 
continues defines a seismic gap in both time and space; the 
geographic gap is of premonitory value since the major event 
(as well as the precursory swarm) occurs within it, though 
whether it is well delineated depends on the ambient level of 
seismicity and the accuracy of epicentre location. *° 

The phenomenon is illustrated by two major earthquakes, 
one from New Zealand and the other from California. The 


of its location offshore in Fiordland, a rugged and sparsely 
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Fig. 1 Epicentre map of crustal earthquakes with M, 24.6, 
occurring from January 1961 to May 1976, and showing approxi- 
mate boundary of precursory area for the Milford Sound 
earthquake of 4 May 1976, M, = 7.0. The seismic episodes 
indicated are as follows: normal seismicity (1), | Jan. 1961-21 
Feb. 1968; precursory swarm (yr), 22 Feb. 1968-23 Dec. 1968; 
precursory gap (BD, 24 Dec. 1968-3 May 1976; major event 
(<>), 4 May 1976-8 May 1976. 


populated region, it attracted little public notice. The Ocotillo 
Wells earthquake of 9 April 1968, magnitude M, 6.4, was 
ofte of the two largest California earthquakes since 1954; it was 
widely felt and involved displacements along a 33-km segment 
of the Coyote Creek fault”. è 

The Milford Sound earthquake data are taken from pub- 
lished bulletins’, and from recent files made available by Dr 
R. D. “Adams, Superintendent, Seismological Observatory, 
D.S.LR., Wellington; the data for the Ocotillo Wells earthquake 
are taken from Hileman et alè. 

For the relevant areas, Figs | and 2 show the epicenjres of 
located earthquakes occurring in the specified time intervals 
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April 1965; precursory swarm (4%), [1 April 1965-26 August 
1965; precursory gap ($). 27 August 1965-8 April 1968; major 
event (©), 9 April 1968-16 April 1968. 
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and. magnitude nse “(The Milford Sound major eyent was 
crustal in origin and earthquakes originating below the crust 
have been excluded.) Four seismic episodes are distinguished: 
ormal seismicity, the precursory swarm, the precursory gap 
and the major event. 
- The hypothesis that all the swarm and major-event epicgntres 
and none of the gap epicentres lie within a certain area is 
satisfied by the elliptical boundaries shown in Figs 1 and 2; in 
the Milford Sound example allowance is made for location 
-errdrs. of up to 7 km, which is within the typical standard 
deviation for epicentre locations in the region. Of course, any 
actual. boundary will not be precisely elliptical. It is of interest, 
however, that in each example the orientation of the ellipse is 
approximately paratip to the dominant tectonic trend in the 
region. pO ate 
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Fig. 3 Seismic sequences associated with the precursory areas of 

the Milford Sound and Ocotillo Wells earthquakes. The period » 

of normal seismicity has been chosen about equal to that of the 

precursory gap, and the two time scales have been adjusted to 

facilitate comparison. a, Normaé seismicity; 6, precursory 
swarm; €, precursory gap; d, major event. 


Thus the fluctuations of seismicity follow a simple geographic 
pattern. For the Ocotillo Wells sequence the precursory 
boundary encloses most of the normal seismicity and it is thus 
not surprising that the precursory gap episode is not represented 
by more epicentres. 

The. seismic sequences are plotted against time in Fig. 3, 
which shows how the seismicity within the precursory area 
fluctuates, in relation to the normal level, before a major event. 
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Fig. 5 Time interval between precursory swarm and major event, 
plotted against main-shock magnitude. Rikitake’s curve is) 
obtained from a plot of widely scattered data for elevgn different 
types of precursory phenomena: land deformation, b-value, 
micro-eartpqugkes, source mechanism, fault creep, velocity ratio, 
velocity values, geomagnetic effects, resistivity, radon emission. o A 
-and oil flow. PRES 


The precursory swarm could be described as'a rehearsal of the _ 
major event, but the gap is also an important feature of the 
precursor. 


The premonitory value of the fluctuations of seismicity.: e 


depends in the first instance on the successful recognition of | 
a swarm as such. Magnitude level is no. criterion as malos 
events in the present sense of the term also occur at low magni- 
tudes. The required criterion is provided by the distribution of | 
magnitudes and, in particular, as mentioned above, by the 
absence of a main shock. This is illustrated in Fig. 4, which- 
contrasts the two precursory swarms with the respective major : 
events. 3 

Taking the precursor time as the interval between swarm and 
major event (onset-to-onset) one obtains 2,994d for tbe- 


Milford Sound earthquake and 1,029 d for the Ocotillo Wells 


earthquake. These values are plotted against the magnitudes i 
of the respective main shocks in Fig. 5. Also shown is. the — 
relationship obtained by Rikitake’ based on other types of 
precursor. 
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The fluctuations of seismicity seem to have a physical origin 
closely related to that of the phenomena analysed by Rikitake. 
As with many of those phenomenas the dilatancy hypothesis 
offers an interpretation of the precursory swarm. For at the 
onset of dilatancy the rock undergoes pervasive cracking which 
in an inhomogeneous mediym can be expected to involve a 
redistribution of stress, leading in some localities to an increase 
beyond the strength. But as the general effect of the cracking is 
to strengthen the rock, only comparatively minor earthquakes 
result at this stage. The mechanism of the well-known swarm 
activity in regions of Quaternary volcanism may be similar in 
essential respects, as this activity may also be associated with 
pervasive cracking as the rock cools and shrinks. 

A strategy of earthquake prediction has been suggested by 
Rikitake! in which an extremely long-range precursor would be 
identified by repeated geodetic surveys, and long-range pre- 
cursors would then be sought by intensive geophysical methods. 
It now appears that fluctuations of seismicity may provide 
long-range precursory information from the normal output of a 
permanent seismograph network, without the use of intensive 
methods. Sugh methods could then be devoted to the search for 
short-term precursors. 

Seismicity fluctuations have been identified* in association 
with main shocks at magnitudes from 5.0 to 7.1. The phenomenon 
provides the following precursory information: the approximate 
location of the future major event is indicated at a prior time 
which is related to the magnitude of the main shock, and the 
area affected, although not always well defined, is also related to 
the magnitude. In addition, however, it seems that with the 
seismicity fluctuations the magnitude of the main shock increases 
with that of the swarm earthquakes; this relationship is potent- 
ially of great premonitory value and is now being investigated. 
Present studies are also leading to a detailed formulation of the 
characteristics of precursory swarms and to an assessment of the 
seismographic coverage required by the method at given levels 
of main-shock magnitude. On the basis of these studies the 
reliability of the method is being investigated preparatory to 
attempting actual predictions. 

I thank Dr R. D. Adams for reading the manuscript. 
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Muon production of 
92,94Nibe in the Earth’s crust 


Activities due to long-lived Nb (fja ~ 1.7 xel0* yr) and to 
Nb (f = 2.03x 10! yr) in a refined bar of terrestrial nio- 
bium were discovered by Apt et alt. They speculated that the 
*2Nib activity could have applicattons to chronologies of nucleo- 
synthesis and to cosmogony. As an example, they calculated 
that their Observeti activity level would result if the isotopic 
ratio 4.7 x 10° yr ago were °*Nb/**Nb = 107? and if the halflife 
were 1.58108 yr. More definite conclusions were difficult 
because the concentration expected today depends so strongly 
on the poorly known halflife, which they estimated to be 1.7 x 
10° yr from a reactor irradiation. This sensitivity can be il- 
lustrated by noting that a-5°% error in halflife corresponds 
. after 4.7 x 10° yr to an error of a factor 2.74 in the anticipated 
activity. Quantitative calculations from galactic nucleo- 
synthesis must therefore await a more precise measurement 
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of the halflife. Implications of primordial *2Nib have recently 
been enlarged with the proposal? to use enrichments 6(°*Zr) 
in the isotopic composition of Zr due to extinct °*Nb to measure 
absolute time differences in the formation of meteorites and 
planets. If an initial °*Zr/*Zr ratio for each body can be ob- 
tained, differences between those initial values could be trans- 
lated into time differences in the formation of the respective 
objects. We argue here that both projects are probably doomed 
to disappointment. It seems to us unlikely that the near equality 
in the two measured activities is a coincidence. They are res- 
pectively 0.058 + 0,035 d.p.m. per kg (Nb) for **Nb and 0.32 
+0.03 d.p.m. per kg (Nb) for “Nb. Such a result would be 
expected, for example, if both nuclei were created terrestrially 
over geologic time in the ratio of their activities, in this case 
in a production ratio pC@2Nb)/p(4Nb) = 0.18 + 0.11. We suggest 
that nuclear reactions following the capture of stopped cosmic-ray 
muons is the likely source, and we will show that both the 
magnitude of the activities and {heir relative strengths are 
consistent with this idea. Similar ideas have been developed by 
others, most notably to explain Xe anomalies in Te ores*. 

Examination of a chart of stable nuclides shows that “Nb 
in this model arises from the reactions *Mo (p~,y) “Nb, 
Mo (p~n) “Nb, Mo (u~,2n) “Nb, “Mo (u7,3n) “Nb, 
sMo (p~,4n) **Nb, and by Nb (n,Y) Nb, where the neutrons 
are regarded as arising from mwon capture on all species in the 
Earth’s crust. On the other hand, °*Nb would arise from °*Mo 
(u~, y) Nb, Mo (7,27) "Nb, and so on. We use a theory of 
muon captur as developed by Singer‘ in order to evaluate the 
various branchings following the muon capture. Molybdenum 
is the major target for direct production of Nb because char- 
ged-particle emission is much less probable than neutron 
emission. The major uncertainty in our results lies not in the 
theory, but in the unknown ancient history of the crustal rocks 
from which the Nb bar was purified. A time average of the 
Nb/Mo abundance ratio in these rocks enters, because only 
“Nb activity can be made by neutron capture on Nb whereas 
both Nb isotopes result from muon capture by Mo. A pure 
ancient "Nb deposit, for example, would therefore contain only 
“Nb activity. Furthermore, the number of neutron captures 
by Nb per stopped muon depends on the chemical composition 
of the host mineral through its competition for the ngutrons 
it produces. Apt et al. could not discover the history of the 
ores from which the Nb bar was refined, so we have calculated 
this competition for two idealised samples: (1) chondrite 
material, which presumably well represents the average heavy 
element abundances in the earth, and (2) typical terrestrial 
granites. Following Singer’s description, we constructed a 
computer programme for calculating the distribution of nep- 
tron-emission multiplicities following muon capture on each 
relevant species, taking the surface-emission term to be 16%. 
Details of this calculation are given in ref. 5. For evaluating 
the absolute production, we took the muon stopping rate to be 
100-150 muons g` yr™ down to depths of about 10 m water 
equivalent®. If the ores were considerably deeper than this over 
the time-integrate@ production of the anomalous activities 
(~10* yr for Nb and ~ 104 yr for **Nb), the absolute ac- 
tivities would be considerably reduced. 

Table 1 shows major features of our calculation. We as- 
sumed the so-called Z-law’—that the atomic capture of muons 
in a mixture is proportional to the nuclear charge Z of the 
competing atoms-—enabling us to calculate in a given compo- 
sition the fraction of stopping muons captured by each element. 
In Table 1, < Z >is the average charge for each of the two 
background compositions. The average number <v> of 
neutrons emitted per muon stopped is also calculated, as is 
the average neutron-capture cross section <o> of the 
nuclei of each composition. These allow us*to calculate the 
fraction of the neutrons captured by *°Nb, taking its thermal 
cross section® to be o = 1.15 b. The compositional differences 
are dominated by the chondritic iron being much greater than 
granitic. The remaining entries in Table 1 show our calculated 
results for the numbers of each reacrtion occuring per muon 
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stopped in that sample. For the chondritic compos#ion this 
process is well defined, but for the granitic case we have to 
assume values for the Mo/Si and Mo/Nb abundance ratios 
in the rock. We take the latter ratio to be the chondritic value 
Mo/Nb = 2.2, an assumption that affects the calculated 
*2Nb/**Nb production ratio. The very small ratio, Mo/S? does 
not affect the °**Nb/**Nb production ratio as long as Mo/Nb is 
held at 2.2; therefore we take it also to be chondritic Mo/Si = 
2.5.x 10~*. Within these assumptions, which are easily scaled 
to other choices, Table 1 lists the production resulting from 
each stopped muon in the sample. If the granitic Mo/Si differs 
from 2.5 = 10, the calculated entry for p ~—capture reactions 
scales proportionately, artd if Nb/Si differs from 1.15 « 10, 
the calculated entry for **Nb (n, Yy) scales proportionately. 





Table 1 **2*Nb production per stopped muon 

* Gpanitic Chondritic 
¿ć Z > matrix ° 10.4 11.9 
¿< v >, neutrons per muone 0.43 0.54 
<o (n, Y) > matrix(b) 0.16 * 0.39 
“Mo (u~, 5a) ”'Nb 2.3 x10 14x10 
* Vio (u~, 4n) Nb 1.7x10-% 99x10 
Mo (u7, 3n) °*=Nb 3.3e« 107" 1.9x10-* 
“Mo (~, 2n) **Nb 5.8 x 10-5 3.3 x 10-8 
"Mo (p7, Y) **Nb 4.7 x10- 2.7 x 10-8 

o 
Total **Nb per u- 1.6x 107 9.0x10-* 
Mo (u7, 4n) * Nb 2.8 x 10-8 1.6 10-8 
“Mo (p7, 3n) “Nb 1.9x10-* 1.1x10-* 
“Mo (u~, 27) *Nb 10x107 6.0 x 107° 
“Mo (u7, n) “Nb 1.3 x107 7.6 x 1075 
“Mo (u~, y) ”Nb 2.4 x10- 1.4x10-* 
“Nb (n, y) ““*Nb 7.8 x 10-7 2.7x1077 
oO 

Total “Nb per p- 1.1x10-* 4.5x 10-7 
*=Nb/"*Nb per u- 0.14 0.20 





Therefore, the granitic entries can be used more generally 
than far only the specific trace-element concentrations used in 
their calculation. 

The calculated production ratios per captured muon, 
pC@?Nb)/p('Nb) = 0.14 for granite and 0.20 for chondritic 
matter, bracket the steady-state production ratio 0.18 + 0.11 
needed tò match the ratio of observed activities. Furthermore, 
the absolute concentrations are also about right. The observa- 
tion’ **Nb/**Nb = 1.2 10~"* translates in our model granite 
to 8.7 x 10° atoms **Nb (g granite). If interpreted as a steady- 
state concentration, this number must equal the product 1.6 x 
107 t @°Nb) Ay, where the coefficient comes from Table 1 
and A, is the muon stopping rate per gram of granite per year. 
The required stopping rate, A, = 222 g~ yr, is about 50% 
greater than the value® at a depth several metres water equiva- 
lent under the earth. Virtually the same stofping rate would be 
needed in chondritic material. The rough agreement in pro- 
duction ratio and in absolute yield attests strongly to the pro- 
bable correctness of this explanation. Neutrons from other 
sources near the Earth’s surface or from (a,n) reactions within 
the crust! may synthesise **Nb from **Nb, but the associated 
**=Nb activity suggests that muons are a major source. 

Major uncertainties exist in the history of the ore, of course, 
and these cloud firm conclusions. If deep material has risen 
to within 10 m from the surface, each activity within will have 
increased in time as muon reactions built the activity to satura- 
tion; however, since saturation requires roughly 10° yr for 
"Nb and only 10* yr for **Nb, time dependent effects can alter 
the activity ratio. There is also a major question of fractiona- 
tion of Mo from Nb during the growth of these activities and 
the geologic processes leading to the mining sites. In pure Nb 
the **Nb/"*Nb activity ratio should be very small, whereas 
Table | shows in pure Mo it should be about 0.5. In principle, 
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such variations could yield inferesting evidence of geologic 
history, because the activities of these two isotopes should 
differ in Nb samples purffied from ores having different geo- 
logic histories. Segrches for these activities in old molybdenum 
ores should prove interesting. It,would also prove helpful if a 
Mo bar could be exposed to a sufficient flux of stopping muons 
to experimentally determine the **Nb and “Nb activities, for 
then our calculated sums of branching ratios could be re- 
placed by experimental numbers, greatly improving the ac- 


e curacy. 


The idea that the °°Nb could be a remnant of galactic p- 
process nucleosynthesis is of course an attractive hope. But, 
we find little grounds for optimism from p-process systematics. 
Most p-process nuclei seem to be produced as proton-rich 
progenitors, in which case **Nb is shielded by **Mo. The **Nb 
is similar to other heavy odd—odd nuclei "La and "Ta, 
both of which are very rare and may be taken as empirical 
guides to p-process nucleosynthesis in such cases. Their abun- 
dances are 10~! to 10~* of characteristic p-abundances in their 
neighbourhood. Taking the same estimate for **Nb leads to a 
total ever produced °*Nb,.:,; ~ 0.02 to 0.002 per 40° Si, where 
we have estimated the average N, = 0.2 by averaging “Sr, 
“Mo and “Rif, excluding #Mo which is known to be ano- 
malously large. A photodisintegration-flow p-process calcula- 
tion? has recently yielded **Nbjio.a; = 0.001, an even lower 
estimate of total production. Our models of continuous nucleo- 
synthesis suggest that about 2% of the total °*Nb would have 
survived to the early Solar System; therefore **Nby = 4x 
10-* to4 x 10~° per 10° Si, or (°2Nb/**Nb)) =3 x 107* to 3 x 10. 
This ratio could be enough to account for today’s activity ” 
if fı > 1.7* 10° yr, so again, one awaits a better halflife 
measurement. Even then, the expected amount is perhaps too 
small to expect to find ô (**Zr) anomalies due to extinct **Nb*. 

We thank S. E. Woosley for helpful discussions. This re- 
search was supported by the US NSF. 
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Particulate organic 
carbon in Atlantic surface waters 


PARTICULATE Organic matter (POM) in the oceans has a vital 
role in marine ecology as it is the major food source fer living 
organisms in surface and deep waters. Nearly all of the sus- 
pended* organic matter in the oceans originates from phyto- 
plankton productivity in the euphotic layers and is comprised 
of living plankton and dead organisms (detritus). Because of 
the importance in the marine food web of suspended organic 
phases in seawater several investigations orf their Uistribution 
and composition have been carried out'~*. 

Most of the available data, however, are based on sampling 
at a single Jocation and hence the magnitude of latitudinal 
variation in the POM concentrations are not well established. 
Chester and Stoner' have reported extensive measurements 
on the concentration of particulate organic carbon (POC) 
and particulate nitrogen (PN) in surface waters of the eastern . 
Atlantic and Indian oceans. We present here results on the 
distribution of POC in the open ocean surface waters of the 


714 r 






Fig. 1 Scanning electron microscope photomicrographs of particles trapped in the filters. Most of the particles in a, from the coast of 
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Iceland and the Norwegian Sea, are calcareous (coccolithophoridas and forams); the large circular particle on the top and the rod-like 
particles are siliceous. In b, from the Antarctic and the equatorial waters, the particles age mostly siliceous. Scale bars: al, 5 ym; a2, 10 ym; 
a3, 10 um; a4, 20 um; 41, 5 um; 62, 5 um; 43, 20 um; b4, 20 um. 


Atlantic, between 72°N and 61°S; 60°W and 20°E, and its 
interrelation with primary productivity. 

The samples were collected during the GEOSECS Atlantic 
expedition (July 1972—April 1973) by filtering large volumes 
2,000-40,000 |.) of surface seawater while cruising between 
stations, usually 3° apart. Thus, the particles were trapped 
from representative samples of surface waters over hundreds 
of km. We used a cotton fibre filter with almost quantitative 
retention efficiency for particles > 5 um and 60°, for particles 
in the 0.5-1.2-um range. The filter characteristics and filtration 
techniques are discussed in detail elsewhere*. The filters were 
rinsed with sufficient quantities of distilled water to remove 
sea salts, dried on board the ships at 90-100 °C, packed 
carefully and sent in poly-bags to shore-based laboratory 
for analysis. Figure | shows some of the trapped biogenic 
particles on the filter. The weight of total particulate matter 
(TPM) (the weight difference in the filter before and after the 
experiment) trapped per filter was 0.1-3.0 g. The samples 
were ashed at 400-425 °C, and the weight loss on ashing was 
attributed to POM. Parficulate organic carbon content of the 
samples was calculated by assuming that it constitutes 50°, of 
POM (ref. 7). The calculated particulate organic carbon is 
designated as CPOC henceforth. 

The TPM and CPOC concentrations in surface waters ranged 
between about 10-600 and 2-170 ug kg™', respectively, and are 
strongly ®terrelated (Fig. 2). The latitudinal distributions of 
TPM and CPOC concentrations (Fig. 3) are similar, with 
pronounced maxima near subpolar regions (~60°N and 
60°S) and low concgntrations in the tropics and mid-latitudes 
(30° N—40°S). > 

The relation between TPM and CPOC for the surface 
Atlantic suspended phases in different latitudinal belts are 
given in Table 1. The mean TPM/CPOC for the Atlantic 
(72°N-61°S; 60°W-20°E) is 3.94, corresponding to a mean 


CPOC content of ~ 25°, that is, ~50°, POM. The remain- ° 


ing ~50°% of TPM is composed of biogenic skeletal remains, 
(CaCO, and opal) and terrestrial materials (aluminosilicates, 
quartz). The TPM/CPOC ratios exhibit geographical variations 
(Table 1, Fig. 2). For samples from northern subpolar regions 
° (45-72°N) the méan ratio is (3.57 +0.38) compared to a value 
of (4.8 +0.7) for samples from 45—61°S. The samples from the 
45°WN-45°S region have the lowest TPM/CPOC ratio, 3.15+ 


0.18. The observed TPM/CPOC ratios are in good agreement 
with results of Chester and Stoner‘. The differences in the 
TPM/CPOC ratios in various regions seem to be due to varia- 
tions in the elemental corgposition of biogenic populations 
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Fig. 2 Correlation diagram for the TPM-—CPOC concentrations 
for various regions of the Atlantic surface wé@ters. The linear 
correlation between TPM and CPOC is evident. Note that 
CPOC constitutes about 20°, of TPM in samples from Antarctic 
circumpolar region compared to ~30°% for rest of the Atlafttic. 
Only samples having > 200 mg weight loss during ashing were 
taken to avoid possible uncertainties due to weightloss of filter 
during filtration. a, 72°-45°N; b, 45°-61°S; c, 45°N-44'S; 
d, 72°N-61°S. 
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occurring in these bands. Our detailed analyses? indicate that 
siliceous tests dominate in the Antarctic circumpolar waters 
(40°-60°S) whereas calcareous tests are relatively more abundant 
in the North Atlantic (Fig. 4). 

The regional differences in the CPOC concentrations 8f 
surface waters can be roughly correlated with nutrient supply 
due to upwelling and phytoplankton activity. In the North 
Atlantid¢, high CPOC concentrations were observed in the 
Denmark Straits and off the coast of Iceland, where upwelling 
of nutrient-rich waters caused by passage of strong turrents 
over the Iceland-Faroes Ridge occurs, and in the Canary 
Islands, where cool nutrient-rich water ascends to the surface 
due to,off-shore wind action’. Similarly, CPOC concentrations 
are high south of the Antartic Convergence zone, where 
very: high primary productivity has been observed due to 

-upwelling of circumpolar waters. Lowest CPOC concentrations 
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are in the western Atlantic, between 30°N and 30°S. Our | 

results have the following implications: (1) Organic biological ® 
matter constitutes ~50° by weight of the total suspended 
matter in the Atlantic Ocean. (2) Organic-carbon in sediments es 
constitutes only ~0.3% compared to a value of ~25 Yo i 
surface particulates. This suggests that most of the organic  ¢ 
carbon produced in surface waters dissolves within ocean 
water. (3) The mean residence time of particulate organie 
carbon within: the top (100-200-m) layer against consumption _~ 
by dissolution and grazing is deduced to be about 5-10d. _ A 
This is based on the ratio of the standing crop of particulate — ce 
carbon (from our measurements in surface waters) and its 
primary production rate’*. The standing crop of particulate | 
organic carbon, EPOC = C.L, where ‘C, is the surface con- 
centration ang L is the mean concentration depth, the depth 
over which the concentration decreases by a factor of e The 
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Fig. 4 Latitudinal variation of the ash, a a le i a ae a a ee 
CPOC, CaCO, and SiO, contents of 0.5 pe a 
TPM from surface Atlantic waters. i r 
The CaCO, is relatively more abundant | © gly. = 
in the northern latitudes, whereas 5 e 
samples from ~60°S contain mainly 0.2 i 2 
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Table 1 TPM, CPOC interrelation for surface Atlantic Waters in various latitudinal belts » ` 
A l ü areare ee e 
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° CPOC concentration TPM-CPOC Correlation coefficient for 
(ug kg7*) relation* TPM-—CPOC 
Latitudinal belt No. of samples ¢ Range Mean (m+: Am) C relation 
72°N-45°N * 19 17-167 59 a (3.57 +0.38) 0.9 0.92 
45°N-45°S : 28 3~52.5 12 (3.15+0.18) 3.8 0.96 
45°S-61°S . 22 14.5--96 . 44 (4.8+0.7) 20.3 0.81 
72°N-61°S 69 3-167 35 (3.944-0.25) 10.2 0.89 


*TPM = (m-+-Am)- CPOC+C, where TPM and CPOC are their concentrations in pg kg™ and C is a constant. 


value of EPOC for the (45°N-45°S) belt in the Atlantic is 
calculated to be about 60 pg cm~* using a value of 12 ug kg™ 
for C, (Table 1) and 50 m for L (refs 12, 13). Primary production 
rate, P, in this region™ is about 100 mg m~ d~. The consump- 
tion time, Te (te = EPOC/P) of particulate organic carbon 
in these regions is thus estimated to be about 6 d. The corres- 
ponding value for the Atlantic surface waters (72°N-61°S) 
is ~9d, using C, = 35 ug kg“, L = 50m and P = 190 mg 
C m~? d~. The estimated value for t, refers to both living and 
dead organisms. The mean survival time for living organisms 
is much smaller, about 1-2 d, ag the ratio’ ef living phyto- 
plankton to detritus is approximately 1: 6. 

(4) The average SiO,/CPOC molar ratio in particles from the 
circumpolar waters (~ 60°S) is about 0.4. Thus in the Antarctic 
polar front, biological productivity (primarily siliceous 
organisms) converts 0.4 mol of soluble silica into suspended 
phases per mol of carbon. Biogenic silica constitutes more 
than 90% of the total particulate silica at 50-60°S. 

(5) The non-uniform distribution of the TPM and CPOC 
concentrations suggests that horizontal mixing due to surface 
currents is not effective in homogenising the particle concen- 
trations: the sinking rates of these suspended phases, therefore, 
must be faster than the surface current velocities. As most of 
the CPOC (~95°%) dissolves in the water column before being 
deposited as sediment, the trace elements associated with 
particulate organic carbon phases are also expected to be 
injected in seawater in dissolved form. If so, the dissdlution 
flux of elements could also have geographical dependence 
governed by primary productivity in various latitudinal bands. 
The dissolution flux of elements associated with the hard skeletal 
part of the organisms (for example, CaCO, and opal) will 
similarly show geographical variation, as the CaCO 3/ TPM 
and SiO,/TPM ratios vary considerably in surface waters. 
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Nickel in komatiites 

THE principle of partitioning of trace elemerts between magma 
and crystalline phases is an extremely useful tool in deciphering the 
origin and evolution of magmas. With our‘present knowledge of 
partition coefficients calculatiens tsually assume them’ to be 
constant. The nickel contents of suites of komatiitic lavas from 
South Africa, the evolution of which is controlled by olivine 
fractionation, suggest that the partition coefficient efor nickel 
between olivine and liquid is not constant, but increases from < 3 
for liquids with >20% MgO and > 1,000 p.p.m. Ni to 11 for 
liquids with 10% MgO and 200 p.p.m. Ni. There are two funda- 
mentally different views on the ‘origin of basic magmas. O'Hara’ 
proposed that the mantle melts to produce a picritic liquid which 
undergoes extensive olivine fractionation prior to eruption. The 
alternative model, summarised by Ringwood’, assumes that basic 
magma is a direct product of melting and undergoes no fraction- 
ation. Ringwood’s rejection of the fractionation hypothesis is 


Mzgo(™%) 





Fig. 1 Plot of Ni against MgO contents of komatiites analysed in. 
Table |. Stars denote proposed parental magma compositions. 


based largely on calculations of the Ni content of magmas’. All his 
calculations assume a constant partition coefficient for Ni between 
olivine and liquid in the range 12-15. Several recent investigations 
concluded that Kp is not constant but that it decreases (1) with 
increasing temperature? 4 ; (2) with increasing MgO content in the 
liquid"; (3) with increasing Ni content in the liquid®, and (4) as 


crystallising olivines become more forsteritic’. These effects have 


been reviewed in detail elsewhere® but the net effect is that for a 
liquid, rich in MgO and Ni, crystallising a forsteritic olivine at high 
temperature, Kp may be significantly lower than the figure 


‘currently accepted. Komatiitic lavas fall perfectly into this cate- 


gory of liquid as they have high MgO and Ni contents and it has 
been shown experimentally? that they crystallise very magnesian 
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olivines at temperatu res well above the liquidus for normal basalts. 
Most of the studies which have indicated low Kp values have 
involved experithental work on synthetic samples*~’, some of 
which*~’? were iron-free and hence, although they represent an 
extremely important step towards understanding partition 
coefficients, quantitatively the Kp values may be suspect.We have 
analysed the Ni contents of komatiites with a wide range of 
compositions to determine the partition coefficient for these 
sseldom-erupted lavas to test more rigorously the constraints 


imposed by Ni values on the fractionation model for basic , 


magmas. 





Table 1 MgO and Ni in komatiites and calculated degrees of fraction- 


| ° ation 
IPEA ta aa E A AN N OEE A AA EAN EE ET 
. Olivine removed* 
Sample no. MeO , Ni (%) 
(zby weight)  (p.p.m.) Model | Model 2 

$3 * 18.46 529 51 17 
S7 o 15.75 * 407 55 . 23 
Sil 15.96 424 55 23 
S16 13.69 383 «58 27 
$28 17.93 512 52 18 
OV3 13.57 423 56 27 
OV4 11.09 348 58 3] 
OVS 9.76 169 60 34 
SG3 20.38 1102 48 li 
SG80 22.28 935 450 6 
VBI 15.45 337 56 24 
VB4 9.83 179 59 34 
Vii 6.37 107 63 38 
40J 8.08 205 62 36 
53J 31.64 1407 17 C 
87J 22.98 862 43 4s 
88J 26.58 1203 35 C 
R16 41.58 2716 C C 
AUS 29.36 1633 2 C 
VU32a 38.13 2298 C C 
LV4 9.40 210 60 34 
LV7 8.50 205 61 35 





C indicates MgO content is higher than in the theoretical parental 
magma used in the calculations and hence is regarded as a cumulus- 
enriched rock. S3~828 from Anhaeusser (unpublished), OV3~OV5 from 
ref. f1, SG3—LV7 from ref. 10. 

*F, proportion of liquid remaining is (100-—% olivine removed)/100. 


The geological relations for most of the komatiites chosen for 

analysis (from the Barberton Mountainland in South Africa) have 
been described elsewhere’®. All the samples are demonstrably 
slavas; as indicated by pillow structures, vesiculation or spinifex 
textures; except sample 53J which is the chilled margin of a dyke. 
Their MgO and Ni contents are given in Table 1 (complete major 
element analyses have been published for most samples (refs 10, 11 
and C. R. Anhaeusser, unpublished)). The values are calculated on 
an H,O* -free basis (Fig. 1), and a very close correlation between 
Ni and MgO is apparent. It has been suggested!°:!* that these 
samples are related by olivine fractionati8n, and hence for these 
suites of lavas we have an opportunity to study the variation in Ni 
content produced by the removal of olivine.’ ; 

Green et al.” have suggested that komatiitic samples containing 
35% MgO represent liquids while Mclver'? and Cawthorn and 
Mclver'? believe such compositions to be cumulus-enriched in 
olivine and that the true liquids contain significantly less than this. 
Here we interpret the data using two hypothetical parental 
magmas, one with 35% and the other with 24% MgO. Figure 1 
suggests that such liquids contain 2,000 p.p.m. and 1,000 p.p.m. 
Ni respectively. The olivine composition which crystallises from e 
these magmas is approximately Fog, which contains 51% MgO 
(ref. 9). Startifg with parental magmas containing 35% and 24% 
MgO it is possible to calculate the degree of olivine fractionation 


fractionation are also listed in Table 1 : models 1 and 2 referring to- 
parental magmas with 35% and 24% MgO respectively. 
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Fig.2 Plot of log (C,/C,) against log F. Slope of graph is Ky ~ 1 (as 

shown in text) and values for Ky are given at various points. a, Data 

for model | which assumes the parental magma contains 35% MeO. . 

and 2000 p.p.m. Ni. b, Model 2 for a parental magma with 24%, MgO 
and 1,000 p.p.m. Ni. 


The Rayleigh fractionation law states C,/Cy = F *»~! whereCy 
is the trace element content of the parental magma, C, that of the 
differentiated magma; F the proportion of differentiated magma _ 
produced, and Kp the partition coefficient. This may be rewritten 
as log (CL /Cy) =(Kp — 1) log F. 

Assuming 2000 p.p.m. (model 1) and 1000 p.p.m. Ni (model 2) < 
for Cy and having calculated the value for F from Table I we can 
plot a graph of log (C,/C,) against leg F (see Fig. 2) and this will 
give a slope of Kp—1. It is readily apparent from Fig. 2 that the - 
graphs are not linear and hence the partition coefficient cannot be ` 
constant. The slope of the curves has been calculated at various 
points and the value for Kp, derived from the slopes, included in 
Fig. 2. Considering the model proposed by Green et al.”, the initial os 
slope of the curve is 0.7 and hence Kp is 1.7. (Itisintergsting tonote 
that the experimentally determined Kp of Green et a/.¥is only 2.1... 





and hence agreement between experiment and these calculations 


on natural samples is extremely good.) At the extreme end of — 
differentiation considered here, for liquids containing 6.37% — 
MgO, the Kp as calculated*from the slope of the graph is 11. 
Alternatively, ifwe consider model 2 the initial partition coefficient. © 
for liquids containing 24% MgO is 3.2 and hasa maXimum value of © 
9.4. Pyroxenes may begin to crystallise from magmas with low ~ 
MgO contents. Hence, it may be that some of the most differen- 
tiated liquids of this study are not the product of fractionation of 


_ Olivine alone. The Kp values determined for these low MgO liquids 
_ may not therefore apply to olivine: liquid partitioning, but this will 
required to produce the MgO contents of residual liquids with the... 
MgO values given in Table 1. These calculated degrees of | 
_(<8% MgO) are fairly close to those predicted for basic magma!*. 
_ Hence, for such compositions the partition coefficients determined 


not qualitatively alter the arguments presented here. 
The values for the partition coefficient fpr low MgO-liquids 
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-for these komatiites and other magmas appear compatible. For the 
< MgO-rich compositions, however, the values are very much lower. 
- With reference to the debate betweeg Ringwood and O'Hara 

mentioned earlier we conclude for the partition coefficients 
calculated here that: (1) the primary picritic magma envisaged by 
O'Hara’ may contain very much higher nickel contents than 
suggested by Ringwood? because the partition coefficient is much 
lower. And (2) the rate af which nickel will be extracted from this 
parental magma by olivine fractionation will be slower than 
~ anticipated by Ringwood’. Specifically, itis apparent from Table | 
that an initial magma containing 24% MgO and 1000 p.p.m. nickel 
may undergo 40°, olivine fractionation to produce a residual 
liqujd with 6% MgO and 100 p.p.m. nickel—values perfectly 
compatible with those of typical basic magmas. O’Hara! does not 
quantify his melting and crystallisation models, but these figures 
presented above suggest that the variation in partition coefficients 
makes his models qualitatively more tenable. 

This work was supported by CSIR funds. We thank J. Ferguson, 

C. Anhaeusser and M. and R. Viljoen for samples. 
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Rhythm perception in early infancy 


THE chief characteristic of rhythm perception is the subjective 
- grouping of objectively separate events. In a rhythmic sequence of 
identical tone-bursts, adults do not perceive the repetition of a 
single sound, but a recurring configuration which has temporal 
form. Such a sequence is organised according to the Gestalt law of 
proximity!*. Organisation of temporal form has never been 
studied systematically in pre-verbal infants. We present here 
results suggesting a precocious achievement of this function and 
contrasting with previous research? which failed to demonstrate 
organisation of spatial form by babies in accordance with the 
proximity law. 

. We adopted an habituation paradigm in which infants received 
auditory reipforcement contingent upon their visual fixation ona 
simple patterned-figure: a black outline-square on a white back- 
- ground. The infants themselves initiated the presentation of sound 
~ by looking at the figure and terminated it by looking away. “After 
several such fixations, the auditory reinforcement was changed 
< from one sound sequence to anothtr. Any resulting increase in 
-time of fixation on the visual stimulus was an index of discrimi- 
“nation, 7 

. Sequences of tone-bursts were presented by a loudspeaker 
-placed directly behind the stimulus figure at a distance of 40 cm 
` from the infant. The tone-bursts, 40 ms in duration, were derived 
_ from a tape-recording of a consonant chord produced by an 
-electronic organ, with 270 and 1,620 Hz as dominant frequencies; 
a intensity was 63-dB, about 25 dB above the ambient noise level. 
-The stimulus figure subtended a visual angle of 8° and was 
- positioned 20° to the left of midline. Fixation, as assessed by the 
-corneal reflection technique*, was observed from directly in front 
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of the infant, through a small hole in the screen containing the 
figure. The infant was judged to be fixating when, his eyes being 
turned to the left, the stimulus reflection was clearly observable 
over the right of the pupillary opening. Duration of fixation, to the 
nearest tenth ofa second, was recorded manually by a switch which 
simultageously operated sound-emission and an event-recorder. 
In previous research, a high inter-observer reliability has been 
Obtained for this measure’. 

The first experiment was designed to demonstrate discrimi; 
nation between the rapid, quite different sequences, SI and $2, 
shown in Fig. 1. A regular pulse of tone-bursts, S1, was changed to 
an irregular sequence, $2. The two sequences had the same mean 
density of sound. We tested two sampleg, each of 10 infants, with 
mean ages of 71 d (s.d. 12) and 107 d (s.d. 6) respectively. Three 
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Fig. I Sound sequences, Each dot represents a 40-ms tone-burst. 


The shortest onset-to-onset interval was calibrated as 97 ms. All ® 
intervals were multiples of this unit. Their relative magnitudes in each 
sequence are given in brackets. Arrows delimit the period of each 
sequence. For example, the period of S2 is a succession of 1, 2, 3 arfd 2 
time units (that is 97, 194,291 and 194 ms). A sequence started always 
at the beginning of its period, and terminated when visual fixation 
ended (experiment 1) or after completion of the period in progress at 
that instant (experiments 2 and 3). Scale bar represents 1 s. 


fixations without sound reinforcement were followed by 12 
fixations reinforced by SI and then three fixations reinforced by $2. 
Median fixation times are shown in Fig. 2a. A significant: nera 
in fixation time followed the change in reinforcement (F = 10.37, 
P < 0.005), indicating discrimination of the two sequences. No 
main or interaction effect was associated with age. 

In a second experiment, we studied discrimination of slower 
rhythms, using the sequences $3 and S4 depicted in Fig. 1. The 
visual fixations of 10 infants (mean age 69d; s.d. 18) were 
contingently reinforced nine times by S3 and then three times by 
S4. Fixation time increased (7 = 3.72, P < 0.005) when S4 
replaced $3 (Fig. 2a). Thus, the 6-unit intervals of S4 were 
discriminated from the 12-unit intervals of S4 or from the 9-unit 
intervals of $3; alternatively, a new ratio of intervals was detected 
in $4. In any case, we conclude that infants are able to perceive 
intervals of six units (S82 ms) as subjective links between sounds. 

The aim of the third experiment was to examine perception of 
temporal form in sequences differing only in the order of their 
intervals. In the preceding experiment, discrimination might be 
attributed solely to the detection ofa new interval. Inexperiment 3, 
however, the same intervals were used in both seq@ences, and the 
minimum segment for distinguishing between them was composed 
of a pair of successive intervals. Thus, the grouping of three 
consecutive sounds into a perceptual configuration was man- 
datory if discrimination was to occur. The longest interval 
appearing in S5 and S6 (Fig. 1) had already been shown to be 


Nature Vol. 266 2] April, 1977 


e 
Median fixation time (s) 


Fixations 





. n9 





Fixations 


Fig. 2a, Median time of fixation in experiments | and 2.In experiment 1 (A), there was no sound reinforcement for fixations 1-3. Slewas presented 


contingently with fixations 4-15, and S2 with fixations 16-18. In experiment 2 (@), there was no sound reinforcement for fixations 1—3. 53 was 
presented contingently with fixations 4-12, and S4 with the final three fixations. The daratien of the first fixation after change of reinforcement was 
compared with the mean duration for the preceding three fixations. b, Median time of fixation in ex periment 3. Nosound reinforcement was associated 
with fixations 1-3. For Group 1 (@), S5 was presented contingently with fixations 4-15 and S6 with fixations 16-18. For Group 2 (A), the order of 
sequence presentation Was reversed. The duration of fixation 16 was compared with the mean duration for fixations 13, 14.and 15. 


e 
perceptible in experiment 2. Therefore, within each reinforcement, 
all the sounds may have been linked in a temporal continuum. The 
first interval in each sequence was the same in order to ensure that 
discrimination was not based solely on a difference in this first 
interval, without further grouping. To adults, the sequences sqund 
like recurring groups of three pips, the groups (.. .) in S5 being 
perceived as the inverse of the groups(. ..)in S6. In all emissions 
of S6showever, the first and final groups were incomplete (see Fig. 
1). We tested two samples, each of 10 babies. Group 1 (mean age 
69 d;s.d. 12) was tested in the order $5 followed by S6, apd Group 2 
(mean age 70 d; s.d. 18) was tested in the reverse order. Median 
fixation times are shown in Fig. 2b. An increase in fixation time 
followed the change in sequence (F = 11.81, P < 0.005): order of 
testing was associated with no reliable main effect or interaction. 
Since the differentiating of these sequences entails the grouping of 
three successive sounds, we infer that they were perceived as 
recurring ‘rhythmic groups’ organised in temporal form according 
to the Gestalt law of proximity. In addition, it may be noted that, 
following the first half-second, the rhythms can be distinguished 
only by the order of the within-group intervals. The magnitude of 
* the novelty response suggests that, rather than perceiving only a 
single, very brief change, the infants have also noted the repetitive 
difference in within-group structure. 

A succession of several sounds was apprehended by babies as a 
psychological unit. This phenomenon of temporal grouping is, of 
course, not peculiar to rhythm perception. Language compre- 
hension, for example, requires a similar process, since a semantic 
unit must be grasped as a whole, despite its sequential character. In 
the results reported here, perceived structure rests on a purely 
temporal variable: the relative values of the intervals between 
sounds. These results indicate that skills of temporal analysis and 
synthesis, prerequisites for operating with the sequential dimen- 


sion of language, are present well before the stage of speech, and _ 


suggest that the early experience of time is more complex than is 
generally assumed. 

We thank the staff and mothers of the infant centres: ‘Enfance et 
Famille’, Paris, and ‘P. M. 1. Georges Braque’, La Courneuve. D. 
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The whalebill is a stork 


THE avian order Ciconiiformes contains a heterogeneous 
assemblage of long legged, long necked birds which have 
traditionally been classified together because of superficial. 
resemblan&e. The order usually contains the storks, ibises, 
herons and two rather aberrant birds, the  whalebill — 
(Balaeniceps rex) and the hammerkop (Scopus umbretta), — 
which are placed in monotypic families, the Balaencipitidae _ 
and Scopidae, respectively. The evolutionary relationships _ 
among the members of the Ciconiiformes and between. this’ 
order and other living birds are little understood. Using an 
analysis of the morphology of thè stapes (the single aviani 
ear ossicle)™*, I have obtained evidence for the evolutionary — 
affinity of the whalebill with the storks, which now seem to 
form a monophyletic assemblage. meee 





The whalebill, whalehead or shoebill (Aves: Balaeniceps 





rex) is a strange, storklike bird with an enormous swollen — 
head and a hooked beak. It is restricted to marshes ando 
riverine situations. in eastern Africa from the southern 
Sudąn to Žambia. It is largely nocturnal, and feeds on A 
various vertebrates including frogs, snakes and even lung- — 
fishes, but also molluscs and carrion. It has many similarities. : 
with the true storks (including bill clattering behaviour), _ 
but its systematic position has always been uncertain. 
Recently it has been thought to have more similarities 
with the pelecaniform birds (order Pelecaniformes), while’ 
the resemblance to storks was thought to be superficial’, — 
The characters used, however, were not analysed on the — 
basis of primitive and derived states. 

Study of the morphology of the stapes, or columella, 
makes possible a reassessment of the evolutionary affinities 
of the whalebill and the storks. The ‘tapes is of gre&t 
evolutionary significance as sequences of primitive to 
derived characters can be established beyond reasonable 

















‘doubt. The typical avian stapes is reptilian, with a flat 
footplate and a straight bony shaft emanating from the 
centre of the footplate. Several atian groups, however, 
have unique, derived stapedial morphologies. J have assumed 
that: (1) the stapes found in most birds (most of the non- 
passerines and the suborder «Passeres of the Passeriformes, 
which I now restrict to a separate order Passeriformes”) is 
homologous with the same element in reptiles, and repre- 
sents a retained primitive condition, and (2) where pockets 
of derived stapedial morphologies occur, they indicate 
evolutionary relationships, unless there are compelling 
reasons to assume that convergent evolution has occurred. 
Ihave examined the stapes of the whalebill (Balaeniceps), 
23 species of herons (13 genera), 10 species of ibises (8 
genera), and 11 species of storks (9 genera), including the 
small form, Ciconia abdimii (75cm long), to avoid 
anatomical effects due to allometric growth; most storks 
are large birds. I have also studied the stapes of the 
monotypic family Scopidae, which contains the equally 
enigmatic hammerhead or hammerkop (Scopus umbretta), 
a species alse confined to Africa south of the Sahara. All 
specimens were from the collections of the US National 
Museum and the University of Méchigan. 3 





Fig. 1 Left, the whalebill (Balaeniceps rex), and right, the white - 
. stork. (Ciconia ciconia), with lateral views of their stapes or 
2 columellae above; stapes drawn to the approximatesame scale. 
ee T he proximal ends ate lower. Drawn by Ms Melissa Marshail. 


-d found that all the herons (Afdeidae, including the boat- 
bill, Cochlearius cochlarius), all the ibises (Threskiorni- 
hidae) and Scapus"(Scopidae) have the primitive condition 
f the stapes, thus revealing nothing of their phylogenetic 
relationships, while all the storks and the whalebill have 
can identical, derived stapedial morphology. Pelgcaniform 
“birds have various stapedial morphologies that will be 
described in detail later together with those of the groups 
onsidered here, but they ‘are quite different, elongate, 
gemewhat curved structures. The stapes of the storks and 
vhalebill (Fig. 1), here termed the stork stapes, is character- 
sed. as a broadly tubular structure that enlarges slightly at 
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the footplate region, and exhibits aumoa fenestrae along 
the entire surface, usually with one or several large openings 
at the base near the footplate. Such a derived stapedial 
morphology common to the storks and the whalebill is 
interpreted as compelling evidence that the storks as defined 
at preSent are monophyletic and that the whalebill 
@alyaeniceps) is derived from them. Some authors’ have 
made a case (primarily on osteological grounds) that the 
storks and New World vultures (Cathartidae) are closely 
allied: however, all of the cathartids possess the primitive 
stapedial morphology. 
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Early viral functions of in 
(ts)-1501 temperature-sensitive SV40 mutant 


TEMPERATURE-SENSITIVE (ts) virus mutants have been useful in 
defining virus—host interactions in SV40 productive and trans- 
forming infections. We have isolated an SV40 ts mutant, 
in(ts)-1501, by extracellular mutagenesis, using ultraviolet 
radiation of wild type (WT) SV40'. The mutant, which has pro- 
perties different from previously described SV40 ts mutants®*’, 
is activated from its integrated state in nonpermissive drans- 
formed cells at temperatures above 39°C and is capable of 
productive infection in permissive cells at elevated (conditional) 
temperatures!. Many properties of the /50/ mutant are 
analogous to the early ts cl mutants of bacteriophages in which 
a heat-inactivated protein cannot maintain the stable integration 
of the prophage in the bacterial chromosome at elevated 
temperatures’**. This analogy suggested that maintenance of 
SV40 DNA integration in transformed cells requires an early viral 
function, that is, before the inception of viral DNA replication. 
Therefore we have investigated the effect of the in gene mutation 
on two other early virus functions—stimulation of host-cell 
DNA synthesis and tumour (T)-antigen synthesis. 

TsA mutants, the only previously identified mutants mappede 
in the early region of the SV40 genome’, show norma! induction 
of host-cell DNA synthesis at 40 °C, but some show a reduced. 
induction at 42.5 °C (ref. 10). We studied stimulation of host- 
cell DNA synthesis in /50/ ts mutant-infected and WT SV40 
strain 777-infected confluent TC7 cells. TC7 is a continuous line 
of African green monkey kidney cells that is permissive for 
SV40 productive infection, The results (Table 1) indicate that 
the /50/ mutant can induce host-cell DNA synthesis at both 
conditional and nonconditional temperatures. 

SV40 T-antigen, a nonstructural virus-coded protein, is ex- 
pressed in the nuclei of productively and abortively infected and 
transformed cells. Approximately 30-40% of the SV40 genome 
is represented by this protein, the molecular weight of which has 
been estimated to be 70,000—100,000 (refs 12 and 13). The 
T-antigen is the SV40 4 gene product, as defined by the tsA 
group of SV40 mutants!*-!’. Although Brugge and Butel'* found 
that the synthesis of T-antigen was not temperature-sensitive in 
ts.4-transformed or productively infected cells, Robb et ai." 
showed that cells productively and abortively infected by these 
mutants had decreased T-antigen expression at the conditional 
temperature, and Osborn and Weber found that T-antigen 
decreased with time at the elevated temperature in tsA-trans- 
formed cells. Tegtmeyer et al? found that, at the conditional 
temperature, the ts4 mutants had an increased turnover of 
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Table t Induction of cellular and viral DNA synthesis in TC7 cells infected with wild type ‘and in(ts)-1501 virus 


Incubation * 


_. Mock-infected WT SV40-infected 1501-infected 
temperature (°C) Precipitate Supernatant Precipitate Supernatant Precipitate Supernatant 
(c.p.m. per 10° (c.p.m. per 10° (c.p.m. per 10° (c.p.me per 105 (c.p.m. per 10° (c.p.m. per 10°. 
cells) cells) cells) cells) e cells) cells) 
37 1,101 27 34,892 9,450 *38,923 12,850 OO 
4l 1,572 101 *26,750 13,867 37,872 10,667) 





* Cells, growing in 60-mm Petri dishes, were maintained in Eagle’s minimal essential medium s 
heat-inactivated (56 °C, 30 min) foetal bovine serum. Cell cultures were incubated in dark, water-saturated, 5% CO,, temperature- gu : 
incubators. Virus was adsorbed for 1 h at 37 °C, followed by the addition of medium and then incubation at either 37° or 41 °C. The cells were 
labelled 20 h after infection with *II-dT (0.5 Ci ml~ specific activity 6.7 Ci mmol, New England Nuclear) for 90 min. DNA was selectively - 









upplemented with 2 mM glutami ne 


extracted by the method of Hirt. The Hirt precipitate consisted of cellular DNA and the supernatant consisted of viral DNA. All determina- 


tions are average counts from triplicate Petri dishes. 


T-antigen and arf altered intracellular distribution in both pro- 
duétively infected and transformed cells at the elevated tem- 
perature. Tenen eż al. * and Alwine et al." found that T-antigen 
induced by ts4 mutants i$ mote thermolabile than that induced 
by WT virus. 
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Fig. 1 Monolayers of African green monkey kidney cells (TC7) 
growing on coverslips in 60 x 15-mm plastic Petri dishes were 
infected with a multiplicity of infection of 10 by either wild type 
or in(ts)-1501 virus. After adsorption of the virus for 1 h, medium 
was added to the plates. Those cells infected with WT virus were 
incubated at 37 °C (©) or 41 °C (@). Plates with /50/-infected 
cells were also incubated at 37 °C ((3) or 41 °C (Wi). Each point 
represents the percentage of T-antigen-positive nuclei determined 


in 2,000 cells. Cells, fixed on coverslips, were stained for 30 min e 


with hamster T-antiserum (Flow), diluted 1 : 10 in phosphate- 
buffered saline (PBS), and rinsed for 30 min in PBS. They were 
then incubated for 30 min at 37 °C after addition of 5 drops of 
fluorescein-conjugated rabbit anti-hamster IgG, diluted 1 : 10 in 
‘PBS, were added to each coverslip. The coverslips were then 
washed in PBS, mounted on glass slides with 1 drop of PBS- 
glycerine 1 : 10, pH 7.4, and examined with a Leitz fluorescence 
microscope. Each point represents the average of twoexperiments. 


We studied T-antigen formation in WT SV40 and 1501 pro- 
ductively infected TC7 cells using a modification of the indirect. 
immunofluorescence technique described by Pope and Rowe! 
After virion adsorption at 37 °C for 60 min, T-antigen develop- 
ment was monitored in WT SV40-infected and 1501-infected 
cells incubated at 37 °C and 41 °C (Fig. 1). More than 90° of 
the WT SV40-infected cells at both temperatires and 7501- 
infected gells,at 37 °C showed positive T-antigen fluorescence, 
but less than 10% mutant-infected cells were T-positive at 41 °C. 

We also studied the effects of elevated temperature on- T- 
antigen expression in WT SV40-transformed and /50/-trans~ 
formed hamster kidney cells. The histories and characteristics 
of T8-AP1, a hamster kidney cell line transformed by WT 
SV40, and HK 10-c2 (in(ts)-1501), a twice-cloned, heat-inducible 
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Table 2 Determination of T-antigen in cell extracts by antibody 





absorption | 
Incubation mixture Titre. s 
Buffer geo 
WT SV40-transformed cell (37 °C) 9o 
WT SV40-transformed cell (41 °C) Q 
1501-transformed cell (37 °C) 0: 
1501-transformed cell (41 °C) 1:38 





Subconfluent cultures were grown at 37°C and 41°C for 48 h: 
T-antigen was extracted by the method of Ahmad-Zadeh et al”. 
Cells were suspended at concentrations of 10’-10* in 5 ml of extrac- 
tion buffer (2.5 mM Tris-HCl, pH 7.4, 0.5M LiCl, 1 mM EDTA), 
sonicated three times for 15s, and immediately centrifuged for 
30 min at 30,000g and 4 °C. The supernatant was removed and used 
as the antigen. Extracts were adjusted to the same protein concen- 
tration (20 mg mi—'). Antigen was assayed by the ability of the cell 
extract to. absorb antibody to T-antigen. A modification of the method. _ 
of Alspaugh et a/.** was used. Equal volumes of anti-T serum ‘and the © 
cell extracts were incubated at 37 °C for 60 min, then at 4 °C for 16h. 
Incubation mixtures were then serially diluted and assayed for | 
unbound T-antibody by indirect immunofluorescence on WT SV40- 
transformed cells. The titre represents the highest dilution of the- 
incubation mixture that still gave the chracteristic nuclear speckling 
of T-antigen-positive cells. cate 


hamster kidney cell line transformed by 1501, were described _ 
previously*. Because Robb? showed that WT SV40-trans- 
formed and tsD-transformed 3T3 cells have reduced T-antigen _ 
expression at nongrowing saturation densities, we monitored _ 
T-anjigen in subconfluent (60-70%) cultures. Unlike WT SV40- ` 
transformed cells, the 7501 -transformed cells had decreased T- . 
antigen expression at the elevated temperature (Fig. D. In- 
creasing activation of infectious virus was observed in parallel 
cultures of /50/-transformed cells at 41 °C but net at 37 °C nor © 
in WT SV40-transformed cells at either temperature. z 
The presence of T-antigen was also assayed by using antigen 
extracts from each cell line grown at 37 or 41 °C to absorb the | 
the T-antibody from SV40 T-antiserum before staining for | 
immunofiuorescence (Table 2). If T-antigen was present in the | 
extract, it would bind to the T-antibody and prevent immuno- 
fluorescent staining of WT SV40-transformed cells. The 
immunofiuorescence titre was decreased eightfold or greater By 
the extracts from /50/-transformed cells grown at 37 °C and 
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Fig. 2 All cell lines were maintained at 37 °C for 24h after 
passage. At time zero, WT-transformed cells were incubated at 
37°C (O) and 41°C (@). Parallel cultures of in(ts)-1501- 
transformed cells were incubated at 37 °C (G) and 41 °C (I). 
Infectious virus (x ) activated at 41 °C in /50J-transformed cells 
was assayed as plaque-forming units (PFU). The percentage of 
T-positive cells was determined as described in the legend of Fig.1. 
The cell viability, measured by Trypan blue exclusion, remained 
more than 92% throughout the experiment. in(ts)-1501-trans- 
formed cells exhibited a Avene thas decline in viability after 
6hat4l °C. 


from T8-AP1 grown at either temperature; however, the extract 

from 1501-transformed cells grown at 41 °C did not absorb the 
antibodies in the T-antiserum, indicating that T-antigen is not 
present in these conditions, 

o Thermal lability of the /50/ T-antigen extract was assayed by 
heating aliquots of the extract for various times at 50 °C. Using 

the antibody-absorption technique described in Table 2, we 
<- found that T-antigen was completely inactivated after 30 min at 

50°C. 
We tested for the reversability of the apparent loss of T- 
antigen ia? HK 10-c2(in(ts)-1501) cells at the nonconditional 
temperature. Subconfluent cultures of cells, maintained at 
41 °C for 24 h, were shifted to 37 °C. The percentage oof T- 
gen-positive nuclai gradually increased from 38%, after 






















mti 
“24 hat 41 “C to 90-95 °% after incwbation at 37 °C for 3 d. Cell 
viability, measured by trypan blue exclusion, remained greater 
‘than 90% throughout the experiment. 
These results suggest that the in gene affects the heat lability of 
tigen and that certain antigenic determinants of T-antigen 
be required for the maintenance of SV40 DNA inte- 
gration. Furthermore, induction of host-cell DNA synthesis 
d T-antigen are separate early viral functions. We postulate 
that one function of the SV40 T-antigen may be to interact with 
“gpecific recognition sites on either viral or cellular DNA, 
-selectively regulating viral DNA integration and/or late viral 
-DNA transcription. Consistent with this hypothesis are the 
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` findings of, Carrol ef al.™, who demonstrated that SV40 T- 


antigen binds strongly to double-stranded DNA with two 
different salt-concentration-dependent affinitiés, amd of Reed 
et al.22, who showed that T-antigen can bind selectively to 
SV40 DNA at or near the origin of SV40 DNA replication. 

We raust reconcile our observations with findings that the 
T-antigen is the A-gene protein!?:1*-!7-23, The thermal lability of 
T-antigen from /50/-transformed cells indicates a relationship 
between the /50/ and tsA mutants. The most likely explanation, 
is that the in and A cistrons may code for a multifunctional 
protein, such as that found in the hisB gene in Salmonella 
typhimurium™ or the aspartokinase I-homoserine dehydro- 
genase I gene of E. coli”, in which two, activities can be altered 
independently. Other explanations are possible, however. A test 
of the hypothesis of T-antigen pleiotropy will necessitate the 
isolation and characterisation of the mutat T-antigen and 
study of its interaction with DNA. : 

We thank Emmett Johnson, James A. Robb, Mary Weiss, 
Richard O'Callaghan and Chàrles* Chapman for helpful 
discussions, George Khoury and Paul Black for antiserum, 
and Muriel Murphy for preparing the typescript. 
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Contiguity to male foetuses affects 
morphology and behaviour of female mice 


DURING studies on the role of gonadal hormones in aggressive 
behaviour of mice, we observed large variations in both the 
morphology and behaviour of females. At birth, variation was 
evident with respect to the principal external sex-differentiating 
marker-—-distance between the anus and the genitals, with some 
females being difficult to distinguish from males. Moreover, a 
significant proportion of females, upon reaching adulthood, were 
more responsive to androgen than others, exhibiting male-lke 
aggressive behaviour more quickly following its administration. 
These observations led to the speculation that a certain proportion 
of females had been masculinised naturally during prenatal 
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development. We present here data which show that such masculi- 
nisation does occur arid that it is mediated by proximity to male 
foetuses. . . 





relative to that of males determines the extent to which the female is 


both morphologically and behaviourally masculinised. 
Thirty-eight 60-70d-old nulliparous Rockland-Swiss albino 
mice, housed separafely in 11 x 7 x 5-inch translucent cages, were 
provided with food and Water in excess and kept on a 12h 
light/12 h dark cycle with lights on at 0600 h. An adult male was 
introduced into each femgle’s cage and removed on the discovery 
of a copufatory plug. Pregnancy was interrupted at 2000 h on day 
18 of gestation (delivery normally occurs between 0100 and 0500 h 
on day 19 of gestation, taking the day of coitus as day 0 of 
pregnancy) and the foetuses were delivered surgically. The adult 
was killed by cervical dislocation, the uterine horns were exposed, 


and the foetuses expelled with their position in the uterus relativeto - 


other foetuses noted. They were cleaned weth saline and 
ano~genital distances measured. The females then were gonadec- 
tomised under ether anaesthesia and marked by injecting India ink 
into the footpads. The sequence of marks identified the position of 
a foetus with respect to the sex of the foetuses on either side. Males 
from 10 of the pregnant animals also were gonadectomised and 
marked. The animals then were fostered in same-sex groups of four 
or five to mothers that had delivered within the preceding 24 h and 
whose Young had been removed. 

The animals were weaned on day 21 of life and kept in their 
foster-littermate groups until day 60, when they were implanted 
subcutaneously with a 10-mm Silastic capsule containing 5 mg 
testosterone (T) and housed singly. Testing for aggression, begun 
2 d later, was conducted on alternate days for a maximum of 50 d 
(25 teSts) or until a fight occurred. Testing consisted of placing an 
adult olfactory bulbectomised male into the cage of each female 
and leaving it there for 10 min. Olfactory bulbectomised males, 
although eliciting aggression comparable to that of intact males, 
neither jnitiate fights nor respond to attack by retaliating. Thus, 
they provide a relatively constant stimulus for tests of aggression’. 
A fight was scored when an animal chased and bit the stimulus 
fale. The number of days of T exposure required to induce 
aggression was recorded. Although the administration of T to 
non-neonatally androgen-exposed adult mice will produce ag- 
gression, animals exposed to T during early development will fight 
sooner following the start of T exposure in adulthood?. — 

Fifty-two females survived to adulthood: 15 had been situated 
between two male foetuses (group 2M), 28 ngxt to one male foetus 
(group 1M), and nine contiguous with no male foetus (group 0M). 
Nineteen males also survived to adulthood. An analysis of 
variance of the ano-genital distances of the females recorded at 
delivery yielded a significant uterine position effect (P > 0.001) 


_ (see Fig. 1). Individual comparisons using Duncan’s test* with wat 


0.05 showed that animals of group 2M had significantly larger ano- 


genital distances than did those of group 1M and OM. The latter . 


two groups did not differ from one another. As it was possible that 
the absolute number of males in the uterus rather than contiguity 
to males mediated the effect upon ano-genital distance, an analysis 
of covariance was performed with the number of males per uterus 
serving as the covariate. This analysis revealed that ano—genital 
distance did not vary as a function of the absolute number of males 
present in a uterus. The mean ano-genital distance for each of the 3 
groups of females was then compared to the mean for the males 
using Dunnett’s test* to compare means to a standard with « at 
0.05. Males had a significantly larger mean ano~genital distance 
than did any of the groups of females. 





- tance at delivery and the number of days of T ex 
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Fig. 1 a, Number of days to fight following the start of 
testosterone exposure of male and female mice, and b, ano~genital 
distance of delivery, Females were located in the uteruseither between 
two male foetuses (2M), next to one male (1M), or contiguous tono > 
male foetus (0M). All animals were delivered approximately 3.5h 
prematurely and gonadectomised at that time. Data are means cko ooo 
sem. 


As ano-genital distance varied as a function of contiguity to 
male foetuses, it was predicted that the females of the most 
morphologically masculinised group (2M), with the largest ano- 
genital distance, would require the shortest period of exposure to T 
in order to establish aggression. Conversely, females of the least 
masculinised group (OM) would require the longest. exposure’ 
period. These predictions were supported. Females of Group. 2M- 
did require a significantly shorter period of exposure to T to exhibit 
aggression than did animals of group 0M. Females of group IM 
were intermediate, not differing signifftantly from the animals of 
group 2M and 0M. The males did not differ significantly fromthe 
females of group 2M and 1M but did require a shorter exposure 
period to T than animals of group OM. Finally, collapsing across. 
the three groups of females, a significant negative correlati 
(r = —0.30, P < 0.05) was obtained between ano-genital dis- 
posuresequired 









induce aggression, . ae oe ee 
The, variability normally exhibited by female mice in mor- 
phology and behaviour can thus be accounted for, in part, by the. 
position of the female in thg uterus relative to that of males,- 
Females situated between two male foetuses were masculinised as 
indicated by larger ano-genital distance and increased responsive- — 
ness to the aggression-promoting property of T. Females cone | 
tiguous with one male were masculinised with respect to be > 
havioural responsivity to T but not morphologically. Female rat - 
foetuses comtiguous to a male foetus are heavier’, so the large ano-— 
genital distance of female mice situated between two males might. 
have been due to the fact that these females were heavier than the 
others. This is not the case, however, as there were no differences in 
body weight between the three groups of females. It also is possibl@ 
that the effect is specific only to the Rockland—Swiss. strain. 
Although data on the effect of uterine position on responsiveness 





to T are not available, we have found that uterine position does 


r 


significantly influence ano-genital distance in the CF-1 strain. . 
The foetal mouse testis begins to secrete androgen on day 12.5 of 
gestation®, and tritiated T injected into the amniotic fluid of a rat 
foetus passes by diffusion into the amniotic fluid of a contiguous 
foetus’. This indicates, therefére, that the effect upon female 


morphology and behaviour df proximate male foetus may be. 


mediated by exposure’to androgen and that its transmittal 
occurs locally at the level of adjacent amniotic membranes. | 
Studies of the difference between disparate groups provide 
fundamental information concérning factors which affect de- 
velopment, as in the use of males and females to demonstrate the 
influence of gonadal hormones. Identifying the determinants of 
differences between individuals, however, is a prime requisite for 
understanding the variability within a group and, therefore, 
should be one of the principal concerns of psychology. Our study 
seems to identify a contributory factor underlying the develop- 


-ment of individual differences. 
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Mutagenicity and toxicity of visible 
fluorescent light to cultured mammalian cells 


Many cultured mammalian cells are characterised by karyo- 
typic instability, high rates of spontaneous transformation and 
high frequencies of background mutation. The toxicity of visible 
light for mammalian cells'~* is usually attributed to photo- 
chemical reactions between light and the culture medium, and 
riboflavin, tryptophan and tyrosine are often thought to 
mediate this toxicity'~*. Light has been shown to produce 
strand breaks in DNA®**, Because many tissue culture operations 
are conducted under fluorescent light, we have investigated 
whether the toxicity and DNA strand-breaking activity of 
light are accompanied by mutagenicity. We report here that 


© this is the case. 


The toxicity of fluorescent light for V-79 Chinese hamster 


l -iung (CH cells incubated during irradiation in either complete 


a-MEM (CM) or balanced saline solution (BSS), is shown in 
Fig. 1. Both survival curves are slightly shouldered, implying 
a saturable repair progss. Evidently light is toxic to these cells 
whether they are irradiated in CM or BSS, although toxicity 


Z after 2 h of irradiation is greater for cells in CM. This result is 


in contrast tosthose of Stoien and Wang”, who found no killing 


A of human D98/AH2 cells irradiated with fluorescent and near- 


ultraviolet light in phosphate-buffered saline. 

We tested whether pre-irradiation of CM, toxic for some 
cells", would kill V-79 cells subsequently incubated in it. 
Table 1 shows that medium that has been pre-irradiated for 3 h 
in the same conditions as the çells does not reduce the colony- 
forming ability of V-79 cells, The final colony diameter after 


-© f week of growth; however, was decreased and the cellular 


morphology was altered by pre-irradiated CM (Table 1). 
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Fig.1 Toxicity of fluorescent light to V-79 CHL cells incubated 

ig medium or saline. Three hundred exponentially growing 
V-79 cells were inoculated into 10 ml of CM (a-MEM®, minus 
purines and pyrimidines, containing 5% FCS (Flow Labora- 
tories) and 25 mM HEPES 4n 100-mm Falcon plastic Petri 
dishes). The cells were allowed to attach to the dishes at 37°C 
in a 7.5% CO,/air incubator. Four hours after imoculation, 
some plates were rinsed three times with BSS (without phenol 
red) containing 25 mM HEPES and incubated at 4 °C in the same 
solution. Plates containing CM or BSS wereplaced in a room at ° 
4 °C and irradiated with fluorescent light for the times indicated. 
All plates were kept in the cold room for 3.5 h. Irradiation was by 
four Sylvania Cool White F1ST8-CW bulbs held in two dtsk 
lamps. The bulbs were 8 cm above the surface of the cells and 
the intensity of illumination at that distance was 1,700 foot 
candles as measured with a Weston Foot Candle Meter Model 
614. Irradiation was from above through both the plastic dish 
top and the overlying medium. The temperature in the dishes 
never exceeded 10°C. After 1 week of incubation, the cofonies 
were rinsed with BSS, fixed in methanol for 10 min, stained with 
Giemsa and counted. A colony was defined as more than 64 cells 
in close proximity. The plating efficiency of the unirradiated 
chilled control cells in CM was 86-43% (six plates) and in BSS 
it was 82-+7°% (six plates). The number of colonies surviving 
after light treatment is normalised to the survival of the controls. 
The mean relative survival + % s.d. is plotted. When the standard 
deviations overlap, the upper and lower limit bars are for the 
upper and lower points, respectively: @, cells irradiated in CM; 
A, cells irradiated in BSS. 


These data suggest that the basis of the toxicity of fluorescent 
light to V-79 cells is primarily a direct action of light on the 
cells themselves, because toxicity occurs in BSS alone (Fig. 1) 
and because preirradiated medium does not reduce colony- 
forming ability (Table 1). Nevertheless, complete medium can 
potentiate the action of light as shown by the slightly greater 
killing of cells in medium compared with saline (Fig. 1) and the 
reduced colony diameter and altered cell morphology caused 
by pre-irradiated CM (Table 1). 

The effect of fluorescent light on the frequency of mutants 
in V-79 cells is shown in Fig. 2. Resistance to 6-thioguanine was 
used as a marker for inactive hypoxanthine-guanine phos- 
phoribosyl transferase and as an assay for mutant colonies. 
The method is described in the legend to Fig. 2. The number’of 
6-thioguanine-resistant, presumably mutant, colonies increased 
linearly as the time of exposure to cool white fluorescent light 
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Table 1 Toxicity of pre-irradiated medium to V-79 Cells 
%4 Colony 


formation 
Time of relative to Mean colony Cellular 
pre-irradiation (h) controls diameter (mm) morphelogy 
0 100-7 0.96 £0.38 Normal « 
k3 10i +5 0.66+0.29. Abnormal 
R 3.0 9943 0.57+0.36. Abnormal 





Three hundred V-79 cells were plated in 100-mM Petri plates as 
described in the legend to Fig. 1, except that no HEPES was included 
in the medium. Fifty ml of CM in a closed Corning 150-cm? flask in a 
room at 4 °C were irradiated with the fluorescent lights described in 
Fig. 1. To test the effect of irradiating CM on cloning efficiency, the 
Original seeding medium was replaced after 4 h with the same volume 
of irradiated mediym. After 7 d of incubation, colonies were fixed 
with methanol and stained with Giemsa. The plating efficiency of the 
contfols was 78 +-3°. The values shown represent the mean survival 
relative to the controls -+ s.d. for three plates. The mean colony 
diameter and s.d. were determined by measuring 50 colonies on three 
plates. The differences between the light-treated and untreated means 
are significant by ae test with a P value of 0.01. Cellular morphology 
was examined along the edges of clones with a phase contrast micro- 
scope. M8rphology was considered abnormal if the cytoplasm was 
elongated and vacuolated in many clones, 


increased (Fig. 2). After 3h of irradiation in a~MEM the fre- 
quency of mutants was 166 times greater than in unirradiated 


controls. The single point above the line in Fig. 2 shows that - 


after 3 h the frequency of mutants was greater for cells irradiated 
in BSS than for cells irradiated in CM. This is confirmed by the 
data in Table 2, which show that fluorescent light was 1.9 times 
more mutagenic for cells. irradiated for 1h in BSS. than for 
cells irradiated for 1 h in CM. a r 
If 50 ml of CM was used as a filter in a 150-cm? flask placed 
over the cells in another 150-cm? flask containing 50 ml of 
BSS, tbe frequency of mutants Was not significantly changed 
from cells irradiated in CM without a filter (Table 2). This 
experiment implies. that irradiation in CM is less mutagenic 
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than irradiation in BSS because CM is partially filtering. 
mutagenic portions of the fluorescent lamp emission. 
Assuming that a linear dose-response relations ip exists for 
mutagenicity with shorter exposures to light (Fig. 2); 
calculated from the data presented here that a 1-h e 
the incident fluorescent light inour tissue culture room 
foot candles) will double the frequenty of mutants in 
cells. In most laboratories this amount of expos: 
would occur intermittently on a daily basis. For ex 
have found that after killing pre-existing 6-thioguanine 
mutants with HAT medium, the frequency of spon 
mutants will increase progressively during a period o 
(our unpublished results). This observation might be exp 
by the mutagenic action of the fluorescent light in our t 




















Table 2 Mutagenicity of fluorescent light for cells irradiated in — : 


M or BSS | : i 
Time of = Frequency of © 
Medium Filter irradiation (h) mutants* x 10 ae 
oe z 0 At OL 
a ae l 386E 64 ooo 
BSS eS 1 RER OTE a a 
BSS * 50 fil CM e | 340 SA 





The frequency of mutants was determined as described for Fig. 2. i 
*Mean value --s.d. of three determinations. rae 


culture hood and culture room that causes the frequency of- 
mutants to increase with each.exposure. Therefore it is possible _ 
that other genetic instabilities seen in cultured cells, such ae 
malignant and karyotypic alterations, might be accounted for 
in part by the action of fluorescent light on. the cellular DNA. 
From the data presented here, we conclude that exposure to 
fluorescent light should be limited during virtually any study - 
with cultured cells. It is important that all exposure to light in. - 
our work was through the plastic tops of the culture vessels. 
Plastic absorbs more than 99%% of any ultraviolet wavelengths 
less than 295 nm, so that the active wavelengths are presumably 


Fig. 2 Mutagenicity of fluorescent light to V-79 CHL. cls = 
incubated in CM or BSS. The frequency of mutants in: V-79 oe 
cells after various treatments was measured by a modification ofa ee 
method degcribed by Myhr and DiPaolo®. Briefly, celis were 
cultured in a-MEM with 5% FCS at 2.5 x 10° cells per T50-cem? 
Corning plastic flask or per Falcon 15-cm Petri dish. Stock cells 
were subcultured every Monday and Thursday. On Thursday of- 
each week, 2.5 x 10° stock cells were. placed in HAT medium. 
(CM containing 10-°M hypoxanthine, 3,2 x 10M aminopterin. 
and 5 x 10~8M thymidine,) and subcultured into HAT medium = 
on the next Monday. On the following Thursday, having been 
in HAT medium for 1 week, cells were trypsinised and incubated — 
in HT medium (CM. containing 18M hypoxanthine and... 
5x 10~°M thymidine). On Friday the medium was changed to. 
CM; on Monday HAT-HT-CM cells were inoculated (10° 
cells each) into 150-cm? flasks in 50 ml of CM. On Wednesday 
there were usually 3x10" cells in log phase. in each i 
One flask was trypsinised, and the cells were inoculated i 
100-mm Petri dishes to determine the toxicity of the lig 
treatment. The other flasks were irradiated in a room 








- for these data is 0.9975; this value is so close to 1.0 that these data can be said to fit a linear equation of the form y = a,x-+ay, where 


“a, and ap are constants. $, Culture incubated in BSS during 3 h exposure to light; @, 


to light. + 





| longer than 295 nm. Exposure to excessive fluorescent light 


might produce artefacts in studies of in vitro toxicity, mutation, 
transformation, chromosome variafion, ageing, effects of 
radiation, drug interactions and biochemistrye Whether or not 
our findings with V-79 Chinese hamster cells will extend to 


- human and other mammalian cells remains to be determined. 


ae 


If human cells are also caused to mutate by fluorescent light, 
then the advisability of limiting human exposure to fluorescent 
light should be considered. 
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Skin fibroblasts from a D-deletion 
type retinoblastoma 


patient are abnormally X-ray sensitive 


RETINOBLASTOMA is a rare malignant eye tumour which appears 
spontaneously or occurs in genetically predisposed persons'”®. 
The latter group is composed of patients who inherit the tumour 
with a dominant mode of transmission (80-90% penetrance) 
(referred to as the familial type) or those who bear a deletion 
in the long arm of chromosome 13 (13q-) (referred to as the 
D-deletion type). When this deletion is present, it is observed 
in many somatic cells and is often associated wfth structural 
defects such as microcephaly, micropthalmia and several 
skeletal and genitourinary abnormalities**. Survivors of the 
genetic forms of retinoblastoma have an increased risk for the 
development of cancers at other sites, while patients who survive 
the sporadic type do not?™®. A single genetic locus is unlikely to 
predispose many somatic cells to tumour formation unless a 
fundamental molecular defect—for example, related to DNA 
repair—is present. To investigate this hypothesis, we have 
examined the in vitro X-ray sensitivity of skin fibroblast strains 
derived from three retinoblastoma patients—a pair of twins 
with the familial type accompanied by no gross chromosome 
abnormalities, and a patient with the D-deletion type. We 
also usedetwo normal fibroblast strains and a strain from a 
patient with ataxia telangiectasia. We found that the strain 
derived from the D-deletion retinoblastoma’ patiegt was 
significantly more ragiosensitive than the two normal strains, 
but not as sensitive as that from the ataxia patient. 

Figure 1 shows the X-ray survival curves obtained with skin 
fibroblasts derived from both a normal individual and a patient 
with a D-deletion type retinoblastoma’. Also included for 
comparison is a survival curve for cells from a patient with 
ataxia telangiectasia; this autosomal recessive disease is 
associated with marked cellular radiosensitivity i vitro’, 
presumably due to an X-ray repair defect®. As Fig. 1 shows, 
the retinoblastoma cells were significantly more sensitive to 
killing by X rays than were the normal fibroblasts, but not as 

“sensitive as the ataxia cells. 
Table 1 presents a comparison of X-ray survival curve 
parameters for the three retinoblastoma cell strains, two normal 


+ 
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Fig. 1 X-ray survival curves for exponentially growing cultures. 
A, GM1142, skin fibroblasts from a female retinoblastoma 
patient with a deletion in the long arm of chromosome 13 
(46, XX (13q-)); @, CRL1343, skin fibroblasts from a patient 
avith ataxia telangiectasia; ©, Lil06, normal skin fibroblasts. 
Cultures were maintained at 37 °C in Eagle’s minimal essential 
medium (Gibco F-15) supplemented with 15% foetal calf serum 
(Flow) p-glucose (900 mg 1%), sodium pyruvate (0.66 mg 17*) 
and Aureomycin (S0pg mi ~t, Lederle) in a 5% CO: atmosphere. 
Cells from each strain were studied at similar passage levels in 
culture, (ranging from 4th to 22nd mean population doubling). 
For experiments, exponentially growing cells were detached 
with 0.25% trypsin and seeded at appropriate numbers intoe 
100-mm plastic Petri dishes. Dishes were X-irradiated 18 h later 
using a 220 kVp GE Maximar unit operated at 15 mA and 
yielding a dose rate of 80 rad min™, Dishes were returned to 
the incubator, the medium was changed after 7 d and the colonies 
were fixed and stained after 14 d. Cloning efficiencies ranged 
from 1 to 16%; radiosensitivity was not related to cloning 
efficiency (Table 1), and previous results have shown no 
relationship between cloning efficiency and survival curve 
parameters in several strains of human skin fibroblasts’ Points 
represent the average of triplicate plates. Curves represent a 
least squares linear regression ‘analysis of the points shown. 
S/So, surviving fraction. i 


strains and the ataxia strain. The experiments were all per- 
formed within 10 weeks using the same lot of serum. Some 
variations were seen in survival parameters with different 
serum lots, but the sensitivities of these strains relative to each 
other remained constant. In nine experiments, including those 
in Table 1, the D, (inverse of the slope) for GM1142 ranged 
from 70 to 98 rad. The two familial retinoblastoma strains 
showed radiosensitivities intermediate between the D-deletion 
retinoblastoma strain and the normal strains, but it is not clear 
whether these retinoblastoma strains are significantly more 
radiosensitive than normal controls. As we have found before’, 
the n values of the survival curves bore no relationship to 
radiosensitivity as measured by De. We have no explanation 
for the possible differences in n among the cell strains in 
Table 1. In preliminary experiments, all three retinoblastoma 
strains appeared normally sensitive to 254 nm ultraviolet 
irradiation. * 

As more fibroblast strains from D-deletion retinoblastoma 
patients become available, it will be interesting to examine 
their responses to radiation in order to establish whether the 
radiosensitivity of the retinoblastoma strain described here 
relates to the fundamental disease process itself or to its 
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Clinical Age/sex 
Strain (source) classification of donor 
GM1142 (IMR) Retinoblastoma D-deletion type gayle 
GM1131 (IMR) Retinoblastoma familial type 9 mon/F 
*GM1123 (IMR) Retinoblastoma familial type 9 mon/F 
° (twin of GM1131) 
CRL1343 (ATCC) Ataxia telangiectasia 7 yr/F 
GM1381 (IMR) Normal infant 2 mon/F 
L:106 oe cure) Normal adult 46 yr/M 





The data were obtained as described for Fig. 1. 
IMR, Institute for Medical Research, Camden, New Jersey; 
of slope; n, extrapolation number to vertical axis. 


*Mean + | s.e. from least squarés linear regression analysis of all data. 


9 
association with an abnermal karyotype involving a’ specific 
chromosomal region and perhaps a specific gene product. 
Patients with familial retinoblastoma may bear a much smaller 
deletion not detectable by available karyotypic and banding 
methods. 

It is tempting to speculate that a specific X-ray repair function 
is governed by a portion of chromosome 13. ¿Thus the pre- - 
disposition to cancer in these patients might be related to a 
fundamental defect in a particular DNA repair system, analogous 
to the relationship between a deficiency in ultraviolet light 
repair and the predisposition to skin tumours in patients with 
xeroderma pigmentosum?®, 

We conclude that skin fibroblasts derived from a patiént 
with the D-deletion variant of retinoblastoma are abnormally 
radiosepsitive. Perhaps future iffvestigations will delineate a 
specific defect in molecular repair of DNA that will explain 
the predisposition of these patients to develop second primary ` 
tumours. 

* We thank Dr Warren Nichols for helpful discussions. This 
work was supported by grants from the NCI and NIEHS, 
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Inhibition by sera and soluble _ 
antigens of T-cell-mediated cytotoxicity 
against leukaemia-associated antigens 


INTEREST in the regulation of T-cell- mediated cytotoxicity by the 
major histocompatibility complex (MHC) genes stems from the 
discovery of (1) an H-2 restriction of T-cell-mediated cytotoxicity, 
that fs sensitising cells, effector cells and target cells need to be 
syngeneic at the H-2 locus, especially at the D and or K regions of 
the MHC’ for effective killing and (2) inhibition of T-cell- 
mediated cytotoxic reactions against. syngeneic tumours with 


e] 
Table 1 X-ray sensitivities of human diploid fibroblast strains 


ATCC, American Type Culture Collection, Rockville, “Maryland; Dai inverse . i : 


























No. of Cloning 
experiments 3 efficiency n* 
6 0.7-6.5% ° 1.41 -0.3 
3 3.0-16.5% f 0.87-0.09 
3 1.212.437 1,030.1 
3 0.7-1.8% 1.39 4-0.4 
3 0.6-1.7% 0,99 -4-0.1 
6 1.0-6.3% 414440.2 


alloantibodies to H-2 antigens specific for the timour ce 

Different origins have been proposed for the tumour-associated _ 
antigens (TAA), and the mostfavourable model i isa modified T o 
antigen or an adaptor—antigen complex* 7. This issue has impor- 
tant implications for tumour immunology, and so we have 
evaluated the validity of the inhibition of cytotoxicity byserumat 
the effector phase level ; investigated afferent interference byserum 
of the cell-mediated cytotoxic response, and studied the inhibition 
of cell-mediated. cytotoxic reactions with soluble antigens. We 2 

report here that there is a lack of H-2 restriction of T-cell-mediated. 
cytotoxicity to TAA, and that TAA seems to differ from H-2 
antigens. This implies that T-cell recognition is not entirely 
regulated by the M HC genes. & 


A 20-h '?5TUdR release assay (IRA) (ref, Swas weed to peau. 






_ cell-mediated cytotoxic response to FBL-3 (ref. 9), a. syngeneic — 


+ 


Friend virus-induced lymphocytic leukaemia in C5S7BL/6 (B6) 
mice. The cytotoxic reactions were found to be primarily directed 
against the Friend Moloney-Rauscher (FM Ry leukaemias 
associated antigens'°-'?. Both the induction phase and the- 
effector phase of these cytotoxic reactions were entirely Teel 
dependent. Pretreatment of the responding cells'° or the effector 
cells'':'* with anti-@ antibody plus complement eliminated cyto- o 
toxicity. FurtMermore, removal of adherent cellsand macrophages = 
by passage of the effector cells through a rayon column-or _ 
incubation in a Petri dish did not affect the level of cytotoxi- 
city'''?. Thus the reactions were apparently not macrophage 
mediated. When various antisera and normal sera were used 
study their effects on these cytotoxic reactions (Table 1), we found 
that effector cells which:were generated in B6 mice (H--2") b 
immunisation with syngeneic FBL-3 celts killed both the syngenei 
target FBL-3 and an allogeneic target HFL/d-tc, a non- produ 
line of Friend virus-induced leukaemia in BALB/c (H-2°) mice 
In other experiments, effective killing of FBL-3 and HFL/d-te 
could also be achieved by lymphocytes obtained in BAL 
which were immunised with syngeneic HFL/d-tc cells!*.. 
lymphocytes gave even higher levels of cytotoxicity. aga 
allogeneic target FBL-3 than against the syngeneic targe? 
tc. In gur experiment, an alloantiserum with the app 
specificity, and the syngeneic serum produced ; against FBL-3: 
inhibited cytotoxicity. In addition normal mouse serum (NI é 
+ 
gave inhibition against FBL-3 targets. Ea 
If NMS or normal rabbit serum were used as a, baseline for 
calculations of cytotoxicity, various other sera, for example, anti- 
FBS, which bound to the foetal bovine serum coated on the surface. 
of target cells and rabbit anti-mouse cell serum, also inhibited th | 
reactions against both FBL-3 and HFL/d-tc. Anti-la, and rabbit 
anti-mouse Ig, inhibited the reaction against FBL-3. None of the 
last four sera in Table | should contain antibody against: H- 2. ee 
antigens. Thus, it seems that any ahtibodies that bind to the ell ae 
surface can interfere with the cytotoxic reactions, perhaps bysteric® = 
hindrance. This conclusion was also suggested by the following — 
results. (1) Pretreatment of either the target cells or effector cells 
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Table 1 Inhibition of cell-mediated cytotoxic reactions with sera e” 
6 Ta rget cells i ° 
Serum é FBL-3 HFL/d-te 
e Net $ lysis Net %, lysis(s) P . Net °, lysis Net 2, lysis(s) P 
None , 49 18 
NMS . 32 ° 15 
Anti-H -2° 4 — I8 < 0.0) 17 2 š 
Anti-H- 2° 47 15 10 — S < 00l e 
Anti-FBL-3 19 -13 . < 0.01 10 — 5 < 0.01 ° 
Anu-FBS i4 —18 < 0.0) 7 —7 < 0.01 
Anti-la 27 -Š < 0.05 ND 
NRS 46 18 
. RAM —§ -5l < 0.01 8 e — 10 < 0.0] 
RAG 10 ~ 36 < 0.01 23 5 





'?STUdR release assay was performed in Microtest H plates. E/T (ratio of effector : target cells) = 500/1. incubation time was 20 h Effector cells were the 
pooled lymph node and spleen cells obtained from B6 mice immunised by subcutaneous inoculation of 5 x 10° FBL-3 cells 10 d*before assay. Various sera 
‘were added to the test wells at final dilutions of 1/5. NMS, normal mouse serum. Anti-H~-2° was from BALB/c immunised with B6 skin grafts and $pleen 
* cells. Anti-H~2° was from B6 immunised with BALB/c skin graft and spleen cells. Anti-F BL-3, B6 immunised with FBL-3. Anti-F BS, B6 immunised with 
foetal bovine serum. Anti-la was from (B10.A x )F; immunised with B6 spleen, absorbed with B6 tumour EL-4 cells ivenby Dr David Sachs. NI H). 
NRS, normal rabbit serum. RAM was from rabbit immunised with mouse tumour (SV40 tumour mK SA in BALB/c). RAG, rabbit anti-mouse Ig. Net t 
lysis = (total % lysis obtained with immune lymphocytes) ~ (total % lysis obtained with normal lymphocytes). Net °; lysis(s) = (nete; lysis obtained with 
immune lymphocytes plus antiserum) ~ (net % lysis obtained with immune lymphocytes plus normal serum). Welch distribution z test was used to determine 
statistical significance. The results were compared to net percentage of lysis obtained with ifamune lymphocytes plus normal serum (NMS orf*NRS). 


+ s 
with antisera for up to 4 h followed 6y a single wash did not reduce 
cytotoxicity (data not shown); whereas significant antibody 
binding to the FBL-3 cells could still be demonstrated after five 
washes (Fig. 1). This indicates that excess antiserum is needed for 
inhibition. (2) The degree of inhibition by the serum was in 
approximate proportion to the amount of the antibody bound to 
ethe cell surface (Fig. 1). The isotopic antiglobulin technique 
(IAT) $, which measures the amount of antibody bound to the cell 
surface indicated that the four mouse sera tested gave relative 
binding to FBL-3 cells in the order anti-H-2° > anti-FBS > anti- 


» FBL-3 > anti-la. When these sera were used in the IRA to assay 
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Fig. 1 Reaction of various sera to FBL-3 cells i the isotopic 
antiglobulin technique (IAT), and their effects on the cell-mediated 
cytotoxic reaction in the SITUAR release assay (IRA). In IAT, 0.1-ml 
samples of sera at various dilutions wgre incubated with | x 10° FBL- 
3 cells, then washed five times, followed by incubation with 1751- 
labelled goat ‘anti-mouse Ig. They were washed five times, and 
the radioggAvity of the cell pellets were counted in a y scintillation 
counter. The relative amounts of antibody bound to the cell surface 
© were-indicated as +I ¢.p.m. and were relative to that of normal 
mouse serum (NMS). In IRA, effector cells were obtained from B6 
mice immunised with syngeneic tumour FBL-3 and tested against 
FBL-3 in Microtest I plates with E/T = 500/1 and incubation for 
20 h. In this experiment, 0.1-ml samples of sera at various dilutions 
were added to the test wells to determine their effects on the inhibition 
. of cytotoxicity. The statistics Were evaluated by the Welch distri- 
e bution z test. The sesults were compared to net percentage of lysis 
obtained with effector cells with addition of NMS. The mouse sera 
_ were the same as for Table 1. Y, Anti H-24: O, NMS3%&,@,Qanti-la; 
oe A. anti-FBL-3; @, anti-FBS; @ , anti-H-2°. 
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for their ability to inhibit the cytotoxicity against FBL-3, the same 
order of effectiveness was foupd, that is anti-H-2° was most 
inhibitory, and anti-la was least inhibitory. The anti-H~2° serum 
which did not bind to FBL-3 cells also gave no inhibition of 
cytotoxicity. These results suggest that inhibition by serum need 
not depend on binding to specific structures, but only on binding to 
the cell surface, and they are consistent with inhibition being due to 
non-specific steric hindrance. The effective inhibition of the 
cytotoxic reaction obtained with rabbit anti-mouse Ig serum 
supports this possibility although it is not clear why this serum 
binds to the target cells. In addition, the inhibition of the killing of 
H-2° target (HFL/d-tc) by agti-H-2° seems to be non-specific, 
because the killer cells were generated by syngeneic immuhisation 
with FBL-3 (H-2*) and therefore presumably are not directed 
against any H—2°-associated antigens. 

We have shown that specific afferent interference of transplan- 
tation immunity to FBL-3 could be produced by pretreatment of 
the immunising cells with specific anti-tumour antiserum'®. It 
follows that if TAA is truly modified H-2, then anti-H-2 antibody 
should produce similar interference. Therefore various sera were 
used to determine their effect on the induction of cell-mediated 
cytotoxic response to FBL-3 in the syngeneic B6 host (Table 2). 
Only pretreatment with syngeneic anti-F BL-3 serum could specifi- 
cally reduce the cytotoxic response. Neither anti-H-2°, nor anti- 
FBS had any effect, providing further evidence that TAA is not 
associated with H-2 antigen. ; 





Table 2 Afferent interference of cell-mediated cytotoxic response with 


sera 
Net %4 lysis obtained at E/T 
Pretreatment* 200/1 40/1 
Exp. I 
None 26 3 
NMS 28 5 
Anti-FBL-3 14+ i 
Anti-H-2° 29 3 
Anti-FBS 24 5 
Exp. 2 
None SI 23 
NMS 45 22 
Anti-FBL-3 lit 2+ 
Anti-H-2° 43 20 
Anti-FBS 46 . 23 





*1 x 10° of 10,000-R X-irradiated FBL-3 cells ware incubated with 
0.5 ml of undiluted serum at 37 "°C for 60 min. Then | x 10° untreated or 
serum-treated cells were inoculated intraperitoneally into B6 mice. 
'251UjdR assay was performed with peritoneal exudate cells 7 d eafter 
immunisation. 

+P < 0.01: statistical significance was evaluated by the Welch distri- 
bution / test. The results were compared to net percentage of lysis obtained 
from mice immunised with untreated cells or normal serum-treated cells. 
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Finally, three different soluble antigens were tested for their We thank Mr B. Smith for technical assistance and Ms Linda 
effects on the cell-mediated cytotoxic reactions to FBL-3: papain- Brunson for help with the preparation of the manuscript. 
solubilised FBL-3 membrane antigen, papain-solubilised H—2° : 
antigen obtained from dissociated B6 spleen cells, and purified e CHOU-CHIK TING 
viral protein, gp70, prepared from Rauscher virus (given by Dr S. ° MICHAEL J. ROGERS 
Oroszlan, Flow). The results are summarised in Table 3. Soluble Laboratory of Cell Biology, , gee: 
FBL-3 antigen at concentrations as low as 7.5 pe ml”! gave National Cancer Institute, . 


e complete inhibition of the cytotoxicity; no inhibition could be National Institutes of Health, 
Sotained with H-2° antigen even at 50 ug mi~ '. The purified gp70 Bethesda, Maryland 20014 
gave 20-30%, inhibition at 2.5~12.5 wg ml~!. A mixture of gp70 ° 
and H-2° antigen produced the same inhibition as gp70 alone. 
These data indicate that unaltered H-2° antigenic specificities are 
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4 : f * Blanden, R, Y. eral. Nature 284, 269-270 (1975), “Ah a hee 
not present on the receptor site recognised by these cytotoxic Gomi E Dua SARATA wea K a a Des 976 i 
R *: ar te. mah p keeg a Ya t F. nE PE i ere fo~ FAR i 
lymphocytes although modified H-2° is not excluded as a target. ; Blank, K. J., Freedman, H. A. & Lilly, F. Nature 260, 250-252 (1976), | 
: : cy ae | š erman, R. N., Dorf, M. E. & Benacerraf, B. Z ex , Med, 142, 1023-1028 (1975), 
The viral antigen ep A vy Pe target, ell ak fact that ý aie ningham, BA & Edelman G. M. Proc. RUIN. tend So USA. TE OS 
partjally purified H oes not enhance its inhibitory activity > Ting, C. C., Bushar, G. S., Rodrigues, D, & Herberman, R. B. 7. Jmnun. 415, 1351-1356 (1975). 
suggests that H-2%gp70 complexes are not usually targets, Glynn, J. P.. McCoy, J Lé Fefer, A. Cancer Res 28, 434-439 (1968). i 
. s 7 ing, C. C. PRATO, (5. b2, J. immun. TVG, 1419-1435 (1976) Be, ei, 
although sucha complex might got be obtained easily ma cell-free a Ting, C. C., Rodrigues, D., Bushar, G. S. & Herberman, R, B.S. dmniun. 116; 236-245 (1976), 
system. The observation that the soluble FBL-3 preparation can eee ee H., Rodrigues, D., Park, i Y. & Herbernan. RB iminiin, Pa 244.25? 
totally inhibit cftotoxicity argues against the existence of n Freedman, H, A Lilly, F. J. exp. Med. 142, 212-223,1975). oe AER 
no ie “a! f A mq ing, CC. & Law, L. W. J. Immun. (in the press). og PE Rigg Pte ne, OE 
Ll H-2-tumour antigen confplexes since this material is prepared by ig, Sparks, F.C., Ting, C. C., Hammond, W. G. & Herberman, RB. J immu. 102, 842-847 (1969), - 


J s P . . à '® Ting, C. C. & Herberman, R. B. Nature 257, 801-802 (1975), n 
papan digestion and such non-covalent complexes would be t! Trinchieri, @., Aden, D. P. & Knowles, B. B. Nature 261, 312-314 (1976), 
unlikely to survive such harsh treatment. e Ee ai 





Active site of bovine factor 


Table3 Inhibition of cell-mediated cytotoxic reactions with soluble 


antigens : 
ee XI (plasma thromboplastin antecedent) | 
Antigens (pg ml~') Net% lysis ©% Reduction? Factor XI (plasma thromboplastin wpa is i 
lycoprotein which participates in the early stages of d“ 
e 25,0 b 3 103 ae A deficiency of this protein leads to a. haemorr- 
FBL-3 7.5 5 92 hagic disease in which the intrinsic pathway of blood coagula- — 
fies ae = a g tion is partially or completely blocked?. During normal - 
j H-2°} 10.0 62 Ee coagulation, factor XI is converted to a serine protease (factor 
gp7 ‘ Ds. 9 43 30 XIa), and this enzyme in turn activates factor IX (Christmas " 
gp7 2.5 48 22 factor) by limited proteolysis‘. Factor XI, is inhibited by serine 
H-2'+ p70 (tte?) pod 2i rotease inhibitors such as diisopropyl phosphorofluoridate 
H-2° +- gp70 (10+ 2.5) 50 „19 eee O FAN SA 
and this inhibitor is bound to a serine residue in the active site 
* '°STUdR assay was performed as for Table 1. of the enzyme*. We recently purified bovine factor XI approxi- 
*Final concentration of soluble antigen in test wells. mately 28,000-fold in 30°% yield. The final preparation was 


hr’, of reduction = (net % lysis obtained with immune lymphocytes 
+ 


alone)—(net % lysis obtained with immune lym- I a a la cece 
phocytes plus soluble antigen), 


7o lysis obtained with immune lymphocytes alone ° 
H-2” was solubilised with papain and purified 200-fold from B6 spleen | 
« cells (M.J.R., unpublished data). When labelled, 40°. of the preparation 
can be specifically precipitated with anti-H-2° alloantisera. 









We have demonstrated that efficient killing of allogeneic targets 

by T lymphocytes is generated by syngeneic immunisation (Table 

1); that efferent inhibition of cytotoxicity by alloantisera can be 
non-specific (Fig. 1); that specific afferent inhibition of the 

h cytotoxic response is only provided by syngeneic anti-tumour 
serum, not alloantisera (Table 2); that complete inhibition of 
cytotoxic reactions can only be obtained with soluble tumour 


Absorbance (280 nm) 





antigen, not H-2 antigen (Table 3) and that cytotoxicity against 0. 
syngeneic targets can be generated by allogeneic immuni- i ; 
sation!® t7, ee | e 
These data strongly suggest that there is no H-2 restriction of T- Z 
cell-mediated cytotoxicity to specific leukaemia-associated . — 
antigen(s) in this system. The findings are also contrary to the Oe 100 . 150 
hypothesis of the TAA measured by our cytotoxicity assay being Elugion volume (ml) 
an (H-2) adaptor-(tumour) antigen complex. The discrepancy Fig. 1 Gel filtration pattern of the cyanogen bromide digest of . 
between these results and other reports of H-2 restriction could be S-pyridylethyl bovine factor XI. Factor XI, 40 mg, was pyridyl- 
due to differences in the assays. We have found that a 4-10 h "Cr ethylated by the method of Friedman et a/.* and the protein was 
release assay which was used by others'~’, fails to detect the killing separated from the salt and excess reagent by gel filtration on 


e Sephadex G-50 (1.8 cm x 50 cm column) in the presence of 9°% 


of allogeneic targets which may require longer incubation formic acid, Cyanogen bromide digestion was carried out by dissol- 


(20-40 h) (ref. 14). The explanation for this discrepancy is that ving 40 mg of the salt-free S-pyridylethyl factor XI and 80 mg of 
MHC genes can play some role in the initial recognition phase of cyanogen bromide in 2 ml of 70% formic acid, and the reaction 
the cytotoxic reaction, thus enhancing short term killing in was allowed to proceed for 24 h at 4 °C. After lyophilisation, 
énei ffi binati i C the digest was fractionated by gel’ filtration on Sephadex G-75 
syngeneic target ellector com ination. The MH Peres ate NOl (1.6 cm x 90 cm column) in the presence of 9% formic acid. The ¢ 
essential, however, because recognition of specific, non-MHC flow rate was 4.2 ml h~ and fractions were collected in 1.4 ml 
antigens by allogeneic effector cells can produce effective cytotox- per tube. The solid bar shows the fractions of peak 6 that were 


icity which becomes evident with longer incubation time. combined and lyophilised. á 
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180 185 190 .' 195 


Factor XI Val Gly Jyr|Arg - |Glu Gly Gly Lys 


























Factor XII* Gly|Phe Let ~ [Glu Gly Gly|Thr ~ =~ Asp Ala Cys Gin Gly Asp SER Gly Gly Pro 











° 
Factor IX,' Gly Tyr|His - |Glu Gly Gly Lysļ|- -~ Asp [Ser |cys Gin Gly Asp SER Gly Gly Pro 
Factor Xa Phe Cys Ala Gly TyrjAsp ~ Thr Gln Pro Glu ~- ~ Asp Ala Cys Gln Gly Asp SER Gly Gly Pro je 


Thrombin’ Gly Tyr |Lys Pro Gly c1u [ory Lys larg Gly |Asp Ala Cys|Glu|Gly Asp SER Gly Gly Pro 


Fig. 2 Active site sequence of bovine factor XI and several other blood coagulation proteins. Amino-terminal sequence analysis was 
performed on 1.2-mg samples of peak 6, Fig. 1, with a Beckman sequencer Model 890A. The operation of this instrument and the methods 
used are adaptations'® of Edman and Begg’s technique”. Phenylthiohydantoin amino acids were identified by gas chromatography after 
silylation or directly by high-pressure liquid chromatography'*. Amino acid residues in factor XI that are identical with other plasma 
serine proteases are shown in blocks. —, spaces inserted to bring the five proteins into alignment for better homology. The numbering 


system is that of chymotrypsin where the active site serine is residue 195, * Ref. 19; t ref. 20; t ref. 21; § ref. 22. A 
homogeneous as measured by sodium dodecyl sulphate poly- were not homogeneous. Thus, the question as to whether factor 
acrylamide gel electrophoresis and immunoelectrophoresis*. It XI is composed of two identical chains or two very similar chains 
has a molecular weight of 124,000 as determined by sedimenta- remains to be answered. s 
tion equilibréum and is composed of two similar or identical This work was supported in part by grants from the NIH. 


polypeptide chains held together by a disulphide bond(s). We 
present here data showing that bevine factor XI contains an 
amino acid sequence which is very similar to the active site 


TAKEHIKO KOIDE* 
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region of many other serine proteases involved in the j 
coagulation process. Departments of Biochemistry and Medicine, 


S-pyridylethyl factor XI was digested with cyanogen bromide University of Washington School of Medicine, 
and the polypeptide fragments were fractionated by gel filtration Seattle, Washington 98195 
on Sephadex G-75 (Fig. 1). Twelve ultraviolet-absorbing peaks 


> ; l R ‘ Received 27 December 1976; accepted 22 February 1977, 
were obtained. Peak 6 (shown by the arrow) migrated as a single P ý 


band on sodium dodecyl sulphate polyacrylamide gel electro- Aa Naata, apam on of Biochemistry, Niigata University School of 
horesis and had a molecular weight of approximately 5,500. 
P ae pi 8 PP s Mpavie, E. W, & Fujikawa, K, A. Rev. Biochem, 44, 799-829 (1975). 
a The amino-terminal sequence of this polypeptide chain is shown ? Rosenthal, R. L, Dreskin, O. H. & Rosenthal, N. Proc. Soc. exp. Biol. 82, 
è mya > * ` > e J-i a : 
in Fig. 2, with the active site regions of several other coagulation 3 Ratnoff, O. D. & Davie, E, W. Bigghemistry 1, 677-685 (1962); Kingdon, H. S., 
proteins from bovine plasma. Twenty residues were identified in he avi n T A Batian, oo ha eed 2 aeoea T 
š ; : à $; . ujikawa, K., Legaz, ML E., o, H. avie, E. W. Biochemistr. 5 
this peptide. The amino-terminal residue was valine and no , p 01978); j y i a i aaah 4 
: i : > acti ai : à i oide, T., Kato, H. & Davie, E, W. Biochemistry (in the press 
other amino acids were detected. The active site serine, corres 6 Walsh, K. A. & Neurath, H. Proc. natn. Acad. Sei, U.S.A. 52, 884-889 (1964), 
ponding to serine 195 in chymotrypsin, appeared in position 17 7 Sirod, Ba ee i BD & Dickerson, R. E. Cold Spring Harb. Symp. quant. 
s s + á TOL, ' m . 
of the peptide. The yield of this residue, however, was poor. 8 Mares-Guia, M. & Shaw, E, J. biol. Chem. 240, 1579-1585 (1965). ; 
For the remaining amino acids, the repetitive yields for the , Se OT. D., Schwager, P., Bartels, K. & Huber, R, J. molec. Biol. 
degradations were about 95% and over 80% of the expected — ft Blow, D, M, u iG eee Ne aie DMB 
de g ; : weet, R. M., Wright, H. T., Janin, dJe © ia, C. H. ow, D, M. Bio- 
quantities of the phenylthiohydantoins based on the weight of chemistry 13, 42124228 (1974). 
the lyophilised peptide. It is clear from these datà that bovine Kopse, a ET A A o oe A a F pA Piol 
' * * a « o ‘ey ’ 4 > - “+ + * + $ + a * . 
factor XI contains an amino acid sequence which is character- n eet heavy apn sie ge ae re 
ee s : ; . : atl roud, R. M., Krieger, M., Koeppe, R. E., Kossiakon, A. A. rs, J. L. © 
istic of the active site regions of a number of plasma serine in Proteases and Biolagical Control, Cold Spring Harbor Conf. gn Ceil Pro- 
proteases. This sequence is also homologous to that found in ion a T E A aoe Sh Spring 
pancreatic trypsin® and is consistent with the fact that factor XI, y Friedman, M. Krull, ie H. & Cavinsd. F. J. biol. Chem, 245; 3868-387 i (1970). 
ase ‘ i m , M. A., Ericsson, L. H., Titani, K., Neurath, t. aish, K. A. 
has esterase activity towards benzoylarginyl ethyl ester? and Biochemistry 1. 4493-4502 (1972). is > À 
participates in blood coagulation by splitting an arginyl valyl 17 Edman, P, & Begg, G. Eur. J. Biochem. 1, 80-91 (1967). 


; i et i i 18 Bridgen, P. J., Cross, G. A. M. & Bridgen, J. Nature 263, 613-614 (1976). 
peptide bond in factor {X (P. Lindquist, K. Fujikawa and 19 Fujikawa, K., Walsh, K. A. & Davie, E. W, Biochemistry (in the press) 
p Sar . ror d sine’ sain 20 Enfield, D. L. er al. FEBS Lett, 47, 132-135 (1974). oe 
E. W. Davie, in preparation). A specificity toward basic amino 2! Titani, K. ef al. Proc. natn, Acad. Sci. U.S.A. 72, 3082-3086 (1975). 


tle i i sed ae as at ; 20 in E 22 Magnusson, S., Petersen, T. E., Sottrup-Jensen, L. & Claeys, H. in Proteases 
acids is also consistent with the fact that residue 189 in factor xI and Biological Control, Cold Spring Harbor Conf. on Cell Proliferation (eds 


is aspartic acid. This residue is in the bottom of the binding Reich, E., Rifkin, D. B. & Shaw, E.) 2, 123-149 (Cold Spring Harbor Labora- 
pocket in trypsin and forms an ion pair with an arginine or eNO: e i 
lysine residue in the substrate? ~? mapene 
a Bovineefactor XI, like factor XII (Hageman factor), factor e e 
= IXa, factor X, (activated Stuart factor) and thrombin, also D epression. a new animal model 
contains an aspartic acid residue in position 194 next tọ serine sensitive to antidepressant treatments. 
195, When trypsinogen and chymotrypsinogen are converted to l a 
=o enzymes, aspartic acid 194 forms an ion pair with the newly A MAJOR problem in the search for new antidepressant 
_ formed a-amino group of isoleucine which is generated during drugs is the lack of animal models which both r esemble 
the activation reqction'4. It seems likely that a similar depressive illness and are selectively sensitive to clinically 
` mechanism may occur when factor XI is converted to a serine effective antidepressant treatments. We have been working 
protease by limited proteolysis. .— on a new behavioural model in the rat which attempts 


















> Pactor XI contains 12 methionine residues per 124,000 g of © to meet these two requirements. The method is based on 
glycoprotein". This should yield 14 cyanogen bromide peptides the observation: that a rat, when forced to swim in a 
| for a molecule composed of two non-identical chains, or seven situation from which there is no escape; will, after an 

peptides for a molecule composed of two identical chains. initial period of vigorous activity, eventually cease to move 


Approximately 12 cyanogen bromide fractions were detected by altogether making only those movements necessary to *keep 
gel filtration on Sephadex G-75 (Fig. 1). Examination of each of its head above water. We think that this characteristic and 
these peaks by sodium dodecyl sulphate polyacrylamide gel readily identifiable behavioural immobility indicates a 
‘electrophoresis indicated, however, that many of these peaks state of despair in which the rat has learned that escape 


+ 
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Table 1 Effects of various psych 


. 








Sn 


Major tranquillisers 





otropic drugs on the total duration of immobility induced in rats forced to swim in a narrow cylinder for 5 mi 

















ace s 
Ls. Experimental _ Dose No. of rats Duration of immobility (s) P eee 
treatment (mg kg™ i.p.) per group (mean -#s.e.) (difference from control). = = 
Tricyclic antidepressants 7 f 
Imipramine- ba - Control 5 224.44-4,7 gare 
—. Hee . BS. 5 = 188.24-14.6 N.S. 
w, 15 5 138.04 14.5 < 0.01 
"e 30 5 —:132.4+425.9 < 0.01 
25 o S 220.8 4.22.8 NS - 
5 5 o- 202.24143 _ NS a 
10 5 «1748 $16.8 NS e 
20 5 98.8417.6. << 0.01 a 
Amitriptyline e Control - 10 245.44+8,0 ee, a 
M 7.5 10 189.74-18.9 < 0.05 ae 
; 15.0 10 150.74-22.2 < 0.01 aS 
Monoamine oxidase inhibitor ee, 
Nialamide a Control 10 224.149.6 E miet 
HCI 40 10 231,2+20,3 2 ONS: 
80 7 5 127.4429.6 NS * 
100 5 $3.4-443.0 < 0.01 
ECS Control 10 238.7+.13.2 
10 166,0+-24.7 < 0.05 
Atypical antidepressants 
Iprindole Control 10 243.1 +14.1 pare 
HCl 7.5 > 5 268.4+-11.1 NS 
15 5 237.84:15.9 NS 
30 5 229.4 4-21.3 NS 
40 > 155.6 424.8. < 0.01 bd 
60 5 260.6-4+15.8 
Mianserin Control 5 ; 210.6+21.1 MP Gants 
HCl 3.75 5 187,.2+8.9 -NS 
75 5 187.6+11.2 NS æ 
ofS 5 140.03 14.7 < 0.01 
° t 30 5 147.2 411.5 < 0.05 
60 5 256.4+16.6 NS 
Viloxazine Control * 10 214.8+12.1 ~ 
. HCI To 5 207.6-+30.2 NS 
12,5 5 205.6 +-12.9 NS 
iS 5 202.6+21.1 NS 
A 25 5 176.04-23.2 NS g 
| 30 5 171.0-£15.1 NS | 
50 5 144.8415.3 < 0.05 a gen 
Psychostimulants jets 
(+)-Amphetamine Control 5 202.8 +17.9 _ wi Eas 
sulphate 0.75 5 175.04-9.2 NS 
1.5 5 85.4-+19.4 < 0,01 
3.0 5 25.4423.2 < 0.01 
* Caffeine Control 5 219.6 -+20.7 xi 
| 3.75 S 257.4+8.7 NS 
7.5 5 177.2+21.7 NS 
15 5 99.8 +-21.0 < 0.01 
Anxiolytics 
Chlordiazepoxide | Control 5 237.6+8.9 — 
HCI 2 5 237.2+16.0 NS | 
4 m 5 225,6+-9.6 | NS r 
8 5 - 234,.6-4-9.4 NS 
Diazepam Control 5 208.0 10.7 m *. 
0.5 5 224.6 +10.7 NS ae 
1 5 > 2426412.7 NS 
2 5 216.6+19.8 NSO 
4 5 222.2+21.1 * NS 





Chlorpromazine Control 5 218.2+2.2 m- 
HCl 0.75 5 220.6 + 11.8 NS ° 
1.5 5 224.0 +18.1 . 
3 5 263.0-4-8.2 < 0.05 
Ro4-1284 Control + 5 202.64-7.33 —_ 
I 5 271.2-+12.6 < 0.01 
2 5 271.0+4-12.0 < 0.01 
: 4 5 257.8 +15.9 . < 0.01 


The rats had previously received three intraperitoneal injections 24, 5 and 1 h before testing. The doses, expressed in terms of the salt, are 
those given at each injection. The drugs were dissolved or suspended in 0.9% NaCl and injected in a constant volume of 5 ml kg~. Differences 
from control values were assessed for statistical significance using the Dunnett test (two-tailed as 
















~ is impossible and resigns itself to the experimental con- 
< ditions. This hypothesis receives support from results 
> presented below which indicate that immobility is reduced 


by different treatments known to be therapeutic in 
depression including three drugs, iprindolé, mianserin and 
viloxazine which although Clinically active show little 
or no ‘antidepressant’ activity in the usual animal tests*”*. 

Naive male Sprague-Dawley (Charles River) rats 
weighing between 160 and 180g are plunged individually 
into a vertical plexiglass cylinder (height 40cm; diameter 
18cm) containing 15cm of water maintained at 25 °C. 
After 15 min in the cylinder they are removed and allowed 
to dry for 15 min in a heated enclosure (32 °C) before being 
returned to their individual cages. This treatment produces 
long periods of immobility in the water (10-12 min total 
duration) and the rats on removal are mildly hypothermic 
(—3 °C) and are hypoactive for periods up to 30 min. 

“24h later the rats are replaced in the cylinder and the 
total duration of immobility is measured during a 5-min 
test. Rats submitted to this procedure will remain immobile 
for 75% of,the duration of the test (see Table 1) thus 
providing a suitable baseline for measuring the effects of 
drugs which decrease or even ingrease immobility. 

Drugs and doses investigated are shown in Table 1. To 
optimise the pharmacological effect’ and at the same time 
to imitate more closely clinical usage, we administered the 
drugs in a series of three intraperitoneal injections 24, 5 
and th before testing on day 2, the first injection being 
given immediately before replacing the animals in their 

“cages on day 1. Electroconvulsive shock (ECS; 30 mA, 
50 Hz. 1s) was delivered through ear-clip electrodes 
according to the same time schedule as for drug injections. 

Table 1 shows that all the antidepressants tested as well 


œ as ECS significantly reduced immobility. With the tricyclic 


compounds, particularly amitriptyline, this ‘antidepressive’ 
effect was accompanied by lowered muscle tonus and 
diminished motor activity outside the test situation 
suggesting sedation. Biphasic effects were observed with 
mianserin and iprindole: a reduction in immobility at 
lower doses followed at higher doses by a return to control 
levels and a marked loss of muscle tonus. Viloxazine 
decreased immobility without apparent sedative effects. 
The monoamine oxidase inhibitor, nialami@e, reduced 
immobility but induced small repetitive body movements 
which were not observed with the tricyclic antidepressants; 
loss of muscle tonus was noted at 100 mg kg`'. Thg two 
psychostimulants (+-)-amphetamine and caffeine also 
reduced immobility but in contrast to the tricyclic 
compounds induced a marked hyperactivity; with 
(+)-amphetamine steréotyped head movements were 
observed at 1.5 and 3mgkg™. Neither chlordiazepoxide 


© nor diazepam affected the duration of immobility even at 


doses which produced noticeable ataxia. In contrast, both 
chlorpromazine and the reserpine-like compound RO4-1284 
increased mobility; with RO4-1284 a ceiling effect was 
= already observed at 1 mg kg™, a non-cataleptic dose. 

» We Conclude from the results obtained that the 
_ immobility induced in these experiments reflects a state of 
ay lowered mood in the rat. Immobility was reduced by anti- 
depressant drugs and ECS, wag unaffected by anxiolytics, 


>o and was increased by drugs known to be capable of inducing 


_ depressive sfates in man*”. The positive findings obtained 


<o with amphetamine and caffeine do not stand in contra- 


diction to this conclusion as both compounds do possess 
‘some clinical antidepressant activity’ and besides, the 
‘effects observed could be distinguished qualitatively from 
‘those of the non-stimulant antidepressants. 

The results obtained with mianserin deserve comment 
‘because — this compound, although clinically active’, 
“possesses a profile of pharmacological and biochemical 
-activity which is almost the mirror image of that expected 
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-of a classical tricyclic antidepressant; - it potentiates the 


effects of reserpine and antagonises the effects of 
amphetamine’. It does not inhibit the re-uptake of mono- 
amines’ and is moreover a potent blocker of central 
5-hydroxytryptamine receptors’, Although providing no 
explanation for the mechanisms of action of mianserin, it 
is noteworthy that the present procedure, which is based 
on behavioural rather than biochemical concepts, is the 
first animal test model which would predict an anki- * 
depressant action for this compound. Furthermore the 
bimodal effect observed strikingly parallels clinical observa- 
tions showing an optima! antidepressant effect at 
intermediate doses”. e 
These positive findings, together with those obtained 
with the two other atypical compounds, iprindole and 
viloxazine, raise the intriguing possibility” that the method 
described here might be capable of discovering new types 
of antidepressant agents hithegto undetectable using 
classical screening tests. 
e 
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Benzodiazepine receptors in rat brain ; 


HIGH affinity binding of tritium labelled morphine and morphine- 
like drugs to membranes in brain homogenates'~? was a decisive 
advance in the characterisation of opiate receptors and the 
discovery of enkephalines and endorphines. We report here 
experiments which suggest that another important group of 
psychoactive drugs, the benzodiazepines, bind to specific receptors 
onthe membranes of rat brain cells. This suggests that there may be 
an unknown endogenous neurotransmitter which is the natural 
ligand for the benzodiazepine receptor. The binding sites are 
distributed unevenly through the brain, and displacement poten- 
cies of benzodiazepines correlate with pharmacological effects 
predictive of anxidlytic activity. 

Whole forebrains (excluding cerebellum and pons-medulla) of 
150 g Wistar rats were homogenised gently in 20 volumes of ice- 
cold 0.32M sucrose, centrifuged at 1,000g for 10min and 
recentrifuged at 30,000g to give a crude P,-synaptosomal fraction. 
The P,-fraction was rehomogenised in an equal volume of 
hypotonic, 50mM, Tris-HCI (pH 7.5). The binding assay consisted 
of 500 pl test drug solution and with *H-diazepam as the radioac- 
tive ligand, usually at 1.6nM (@H-diazepam (N-methyl-°H) 14, 4 
Ci mmol”: ; provided by Dr Willy Haefely, Hoffmann-La Roche). 
The mixture was preincubated for 5 min at 37°C before addition of 
3H-diazepam followed by a 15 min additional incubation. The 
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samples were cooled fôr 30 min in an ice bath and membranes with 
bound *H-djazepam were isolated on Whatman GF /C glassfibre 
filters. At the end of the incubation 10 ml of iced buffer (50 mM 
Tris-HCI, pH 7.4 was added, immediately before filtering, and the 
filter was washed with an additional 10 ml iced buffer and bound 
diazepam was estimated by conventional scintillation counting. 


pmol per g original tissue. Hill plots (not shown) had a slope of 
1.0-1.1 indicating absence df cooperativity, 


pmol per assay 





4 60 80 
*H-diazepam (nm) 


Fig’ 1 Binding of *H-diazepam to membranes from 25 mg rat 
forebrain. 7H-diazepam, 0.24-75 nM was incubated in triplicate with 
or without excess cold diazepam. Specific binding (©) is the total 
binding minus the binding which is not displaced by excess (3 uM) 
diazepam (@). Insert shows the same data transformed to Scatchard 
plots (V, specific binding in pmol per 25 mg tissue: S, *H-diazepam 
concentration in pM). The Scatchard plot indicates one binding site 
with affinity constant, Kp = 2.6 nM (reciprocal of the slope value) and 
maximal binding of 18 pmol per g original tissue (intercept on 
abscissae). The experiment was repeated, giving closely similar 
results. Counting efficiency was 44°, 


Measurement of specific *H-diazepam binding (at 1.6 nM) in 10 
rat brain regions showed an uneven regional distribution. The 
greatest binding was found in the frontal and occipital cortex 
where the binding was three to fourfold hæher than the lowest 
binding in the pons-medulla. The hippocampus, which may be an 
important site of action for benzodiazepines in the limbic system‘, 
had intermediate binding levels. 

The *H-diazepam binding site was highly selective for benzodi- 
azepines. Twenty one benzodiazepines (Table 1) displaced °H- 
diazepam with ICs, values in the range of 3x 107° to 1074M 
while some other ‘minor tranquillisers’, such as meprobamate, 
barbiturates and ethanol, were inactive at 0.1 mM. Several 
presumed neurotransmitters were tested as *H-diazepam disp- 
lacers. None of these (acetylcholine, noradrenaline, dopamine, 
serotonin, GABA, L-glutamate or glycine, all at 0.1 mM) or their 
antagonists (phenoxybenzamine, propranolol, pimozide, cloza- 
pine, methysergide, bicuculline, picrotoxin or strychnine, all at 
3x 107% M) exhibited any displacement activity. Various other 
compounds, including etorphine, nalorphine and muscimol (all at 
3 x 107° M) were also inactive. 

Even though the binding of a compound may be saturable and 
show remarkable selective displacement properties it may not 
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Table 1 Inhibition of specific 3H-diazepam binding (1.6 nM}to rat brain. 
membranes by benzodiazepines 


Comp$und* IC,,(nM)t 
RO 5-4023 (clonazepam) * 5 
RO 5--4200 (flunitrazepam) ° 5 
Lorazepam y 7 
RO 5-3027 : 9.2 
RO 5-3590 13.1 
RO 5-6901 (flurazepam) 28 
RO 5-2807 (diazepam) 34 
RO 5--3059 (nitrazepam) 34 
RO 5-3350 (bromazepam) 48 
RO 6-6616 (chlorazepate) 62 . 
RO 5-2904 76 
Oxazepam 80 
RO 5-2181 135 
RO 5--4528 389 
Chlordiazepoxide 1,072 i 
RO 5-5807 4,487 
RO 5-3785 5,686 
RO 5-4556 (medazepam) 6,217 
RO 5-3636 8,270 
RO 5-4933 < 30,000 
RO 5-4864 163,522 


* 
Serial dilutions of benzodidZepines (in duplicate experiments) were 
added to the high affinity binding assay (see text). 
*Chemical structures given in ref. 6. 
TIC, concentration causing 50° inhibition of specific >H-diazepam 
binding. 


occur at meaningful recognition sites”. The diazepam receptor 
which we describe here, however, seems to be physiologicallye. 
significant since it can be correlated to pharmacological activities. 
Efficacies in several pharmacological tests are available for most of 
the benzodiazepines used in the present study°. Excellent. cor- 
relations (P > 0.001) were observed between *H-diazepam dis- a 
placement potency on the one hand and cat muscle relaxant effect, 
impairment of mouse rotarod performance, inhibition of electric. 
shock induced fighting in mice and antagonism of pentazol - 
induced convulsions in mice, on the other. Weak correlation was 
found to taming of cynomolgus monkeys (P=0.01, r= (0.655). 
Displacement of *H-diazepam binding correlates best with the cat 
muscle relaxant effect (Fig. 2). While the pharmacologial tests 
listed above are predictive of anxiolytic and anticonvulsant | 
activity we found no correlation with the non-predictive con- : 
ditioned avoidance tests (either shock increase or escape failures) 
in the rat. 


Cat muscle relaxant (mg per kg body weight) 





hc a T 
*H-diazepam displacement (IC5,,.M) 


Fig.2 Correlation between IC, values for 7H-diazepam displace- 
ment by 19 benzodiazepines (from Table 1) and cat muscle relaxant 
(oral dosage) effect. The best curve fit was assessed by linear. 
regression analysis (r = 0.891; P<.0.001). Numbers on graph indicate 
RO code number, OX, oxazepam; DZ, diazepam; LZ, lorazepam; 
CZ, chlordiazepoxide. j 
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In a comprehensive review, Randall er al.® concluded that the 
‘actions of benzodiazepines cannot be related in a direct manner to 
the action of neurotransmitters in the'brain’. The proposal’ that 
benzodiazepines act on glycine receptors seems now unlikely in 
view of electrophysiological dđta®” and our finding that neither 
glycine nor its antagonist strythnine displace 3H-diazepam bind- 
ing. Further, the benzddiazepines were about 10,000 times more 
potent as displacers of *H-diazepam binding than 3H-strychnine 
binding. And 7H-diazepam does not apparently bind to GABA- 
receptors, since GABA itself, its potent agonist muscimol and its 
antagonists picrotoxin and bicuculline were completely inactive as 
3}4-diazepam displacers. The failure of benzodiazepines to block 
341-GABA binding to brain membranes’? further indicates the 
lack of direct benzodiazepine interactions with GABA receptors. 
These results, however, are not inconsistent with the proposal that 
benzodiazepines exert their physiological effects through 

<- GABA! since such effects may be indirect (for example, benzodi- 
azepines might facilitate GABA release). 

Our findings strongly suggest that the brain possesses specific 
receptors for benzodiazepines which may mediate their pharma- 
cological actions. The exact mechanisms by which benzodi- 
azepines exert their characteristic pharmacological and clinical 
effects remain unknown. A search for a hitherto undiscovered 
endogenous transmitter substance, acting on the benzodiazepine 
receptor therefore seems worthwhile. 

We thank P. Jacobsen, H. Carstensen and A. M. Larsen for 
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Axotomy causes loss of muscarinic 
receptors and loss of synaptic 
contacts in the hypoglossal nucleus 


om MUSCARINIC receptors in the brain and ileum gan be studied 
~~ by means of the binding of radiolabelled cholinergie anta- 
gonists’*, The basig criteria for receptor-specific labelling 
are that there should be a saturable component of binding 
and that the binding of the radiolabelled ligand should be 

a inhibited by pharmacologically effective concentrations of 
drugs which are known to act at muscarinic receptors and 
_ not by drugs that act at different receptors. In addition, the 
saturable binding component should be restricted to tissues 
known from pharmacological experiments to céntain mus- 
© garinic receptors. These criteria are satisfied by tritiated 
-propylbenzilylcholine mustard (H-PrBCM)’, a potent irrever- 
| sible muscarinic antagonist the binding of which to rat 
brain sections dan be demonstrated autoradiographically. 
The evidence which suggests that the bulk of tissue radio- 
actiyity is associated with muscarinic receptors is that in 
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autoradiographs the regional variatiorf of autoradiographic 
grain density parallels the intensity of specific *H-PrBCM 
binding observed by in vitro assay on brain homogenates 
from selected regions, and that in the homogenates 65-85% 
of the bound radioactivity is blocked by pretreatment with 
the classical muscarinic antagonist, atropine (10°°M). In 

“the forebrain the general features of the distribution of 
H-PrBCM binding to thin sections correspond closely withe 
the findings of Kuhar and Yamamura‘* who used the nen- 
covalently bound antagonist *F-3-quinuclidinylbenzilate. 
We report here, however, that in the brain stem the hypo- 
glossal nuclei are heavily labelled with “H-PrBCM. In light 
microscopic autoradiographs (Fig. “la, left side) the grains 
are distributed throughout the neuropil of the hypoglossal 
nucleus. The cytoplasm and nuclei of the large hypoglossal 
neuronal somata (Fig. 15) are unlabelled. The density of 
the silver grains falls abruptly at the borders of the hypo- 
glossal neuropil. This clearedentarcation of the labelled 
hypoglossal neuropil is abolished by atropine pretreatment 
(Fig. Ic). 5 ý 

The present results are based on a total of °48 adult 
female Wistar rats in which the hypoglossal nerve was cut 
on one side in the neck. In 30 animals the brains were 
prepared for light microscopic autoradiographic study of 
receptor binding, and in a further 18 animals the brains 
were prepared for an electron microscopic study of 
synapse numbers. 

Several studies®® of the effects of axotomy on the 
hypoglossal nucleus have shown that by 1 week after 
operation there is a loss of about 50% of the synapses on 
the hypoglossal motoneurones. If the hypoglossal axons 
afe able to regenerate and re-establish neuromuscular 
contacts, synapses reappear in the hypoglossal nucleus, 
indicating that the synaptie ‘disjunction’ „is reversible. We 
have examined the hypoglossal nucleus at various times 
after section of the hypoglossal nerve on one side, and 
the preliminary series of experiments indicated that two 
changes are detectable within 2 d after axotomy, and seem 
to have reached completion by 7-10d after operation. 

There was a marked decrease in the intensity of binding 
of "H-PrBCM. Since the nerve arises almost exclusively 
from the hypoglossal nucleus of the same side, and the 
two nuclei lie immediately adjacent to each other on either 
side of the midline, the opposite nucleus can be used as 
a control in the same coronal section. A representative 
indication of the magnitude of the changes may be seen 
from the grain counts taken from the sections shown in 
Fig. la and c. The numbers of silver grains per 10* pm’ 
of section were 305+5 over the unoperated hypoglossal 
nucleus, 209+4 over the hypoglossal nucleus of the 
operated side (6d after axotomy), and 12343 over the 
hypoglossal nucleus of the unoperated side in the adjacent 
section (Fig. Ic) pretreated with atropine. Subtracting the 
atropine counts, this indicates that section of the hypo- 
glossal nerve had caused a fall in the intensity of 
labelling of the hypoglossal nucleus of the operated side 
to 47% of its intensity on the unoperated side. | 

At the electron microscopic level, we counted the total 
numbers of synapses per unit area of section. As in the 
studies of Sumner’ we found that there was an almost 
50% reduction in the total numbers of synapses by 1 week 
after operation. 

If the hypoglossal nerve is able to regenerate and re- 
establish contact with an appropriate peripheral target 
tissue, these changes are reversed. The hypoglossal moto- 
neurones re-acquire a normal complement of afferent 
synapses’ and our observations on the rats with the 
longer survival times showed that in those cases where 
the hypoglossal nerve had grown back, binding of 
'H-PrBCM in the hypoglossal neuropil had also recovered 
to normal levels. In some animals, the regenerating 
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Fig. 1 Coronal sections through the rat brain stem at the level of 
the chudal medulla, where the hypoglossal nucleus has its major 
cross sectional area. The arrows show the midline. a, Dark field 
photomicrograph showing the intense deposition of auto- 
radiographic silver grains over the hypoglossal nucleus on the 
left side of the picture (side of the intact hypoglossal nerve). 
Labelling falls abruptly at all the boundaries of the hypoglossal 
neuropil. On the opposite side, where the hypoglossal nerve had 
been sectioned 6 d previously (right side of the picture), the 
labelling is 47 °% of its intensity on the unoperated side. b, Bright 
field. photomicrograph of the same section to show the cyto- 
architectonic areas. H, hypoglossal nucleus, D, dorsal vagal 
nucleus, M, medial lemniscus, v, caudal ¢{‘closed’) part of the 
fourth ventricle. c, Dark field photomicrograph of the adjacent 
section, which had been pretreated with 10~* M atropine to 
abolish specific muscarinic antagonist binding. The hypoglossal 
nucleus shows no labelling above the level of the surrounding 
areas. Scale bar, 200 um. For autoradiographic study of 
muscarinic receptor binding, the animals were anaesthetised with 
ether and perfused briefly with ice-cold Krebs—Henseleit 
medium. The brains were dissected out, frozen in solid carbon 
dioxide, and mounted on cryostat chucks. Coronal sections 
(12 um thick) were cut at 15 °C, thaw-mounted on to 
gelatinised slides and pre-fixed in 0.1% glutaraldehyde in 
Krebs-Henseleit medium at 5 °C for 15 min. Pre-incubation 
was carried out for 15 min at 30 °C in Krebs—Henseleit medium 
with or without 10 M atropine, followad by addition of 
cyclised *H-PrBCM (40 Ci mmol™') to a final concentration 
of 2.4 nM for a further 15 min; these conditions lead to a more 
than 98%, saturation of the receptors. The incubation was 
terminated by a quick wash in distilled water and post- 
fixation in Carnoy’s fluid followed by several extensive washes 
in absolute alcohol. Slides were dipped in a 1:1 dilution of 
Ilford G5 nuclear emulsion, exposed at 6 °C for 14 d, developed 
in Ilford Phen-X, and counter-stained with cresyl fast violet. 
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proximal nerve stump had reconnected only incompletely, 
or not at all to the distal trunk. In these cases, the binding 
of *H-PrBCM had ré@turned only in patches. Sumner” 
has shown that if the cut hypoglossal nerve is not allowed 
to re-establish peripheral contacts, there is no recovery of 
Synapse numbers. Taken tegether, these observations 
indicate that in the case of the hypoglossal motoneurones 
axotomy causes both loss of synaptic contacts and loss of 
binding of *H-PrBCM, and both these changes are 
reversed if the axons regenerate appropriate terminal 
contacts, but not if they fail to do so. 

In several sites in muscle” and nerve’, experimental 
destruction of the presynaptic element causes postsynaptic 
cholinergic (nicotinic) receptors to increase in number, and 
a new population of receptors to appear outside their 
normally restricted subsynaptic location, indicating that 
the maintenance of normal receptor number and distri- 
bution depends on the presence of the presynaptic element. 
Although we know of no direct electrophysiological 
evidence for the occurrence of cholinergic transmission 
using postsynaptic muscarinic receptors in tle hypoglossal 
nucleus, the, occurrence of specific muscarinic antagonist 
binding strongly sugg@sts the presence of such a 
mechanism. In the present experiments, damage to the 
postsynaptic neurone caused a decrease in the amount of 
binding of muscarinic antagonist, and a loss of synaptic 
contacts, and our preliminary results from a closely timed 
series of experiments suggest that the binding loss may 
preceed the loss of synapses. Our method of applying the 
PrBCM directly to the cut sections makes it likely that the 
decreased binding is due to a loss of receptors, and not to 
changes in the accessibility of the receptor (for example 
by the interposition of a glial barrier). | 

Taken together with the observation that axotomy 
causes a decrease in sensitivity to transmitter in several 
types of neurones (for example see refs 14 and 15), the 
findings in the hypoglossal nucleus suggest that there could 
be a converse regulatory relationship—namely that the 
presence of receptors may be necessary for the maintenance 
of the physical contact between the pre- and the post- 
synaptic elements. 
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Specific long-lasting ° 
potentiation of synaptic : 
transmission in hippocampal slices 


SHortT bursts of tetanicestimulation (10-50 Hz for 10-15 s) give 
rise to long-lasting potentiation (LLP) of synaptic transmission 
in the intact hippocampal formation’ and in hippocampal 
slices?. The potentiation may last several hours. Because of the 
time course and the small number of conditioning impulses 
required, the process may have general interest as a model for 
lomg-term plasticity in the nervous system. Studies of the 
mechanisms underlying LLP have been hampered, however, by 
lack of control with the size of the input volley and of data on 
membrane potential changes of the participating cells. Further, 
„it is not known whether the potentiation is specific for the 
tetanised input. Schwartzkroin and Wester? found an un- 
changed antidromic field potential, and concluded that there 
were no general postsynaptic changes. Lynch et al.*, however, 
found a reduosion in glutamate sensitivity during the potentiated 
stage, and suggested that a reduction in excitability had taken 
place. We report here experiments«on transverse hippocampal 
slices! of guinea pigs in which we have monitored the size of 
two independent afferent inputs, one of which is tetanised to 
produce LLP, leaving the other as a control line to check for 
non-specific changes in excitability. Furthermore, intracellular 
recordings support our suggestion that LLP is caused by a 
specific augmentation of transmitter release. 

Figure | shows the location of a typical CAI neurone with 
reference to the layers of the hippocampal slice, and the arrange- 
ment of the stimulating and recording electrodes used to study 

m two independent pathways, one in the layer of basal dendrites 
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Fig. 1 a, Schematic drawing of the hippocampal slice. alv, 
alveus; or, str. oriens; pyr, str. pyramidale; rad, str. radiatum; 
mol, str. moleculare. b, Enlargement of box in a to Show the 
arrangement of stimulating cathodes (stim) and recording 
electrodes (->) along two independent pathways, one in str. 
oriens and one in str. radiatum:c, Example of recorded potentials 
e showing presynaptic volley (t), extracellular EPSP (*), and 
population spike (¢¢) in response to stimulation of a radiatum 
(1) and an oriens pathway (2). Left-hand labels indicate recording 
sites, 
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(str. orierts) and the other in the layer of apical dendrites (str. 
radiatum). Both excite the CA1 pyramidal cells through fibres 
running parallel to the pyramidal layer. The fibres have en 
passage boutons which synaptically excite dendrites at the same 
level as the corresponding stimulating cathode (Fig. 1b). Field 
potentfils were recorded with three electrodes, two placed at 
the same level as the two stimulating cathodes, and the third 
in the pyramidal layer, all three being placed on a line normal . 
to the pyramidal layer, and recording from the same populatieh 
of pyramidal neurones. In some experiments, the pyramidal 
electrode was used for intracellular recording. 
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Fig. 2 ‘Left-hand columns in a and b give control responses 
before a tetanus of 10 Hz for 10 s was delivered to the radiatum * 
pathway. The middle column shows the responses obtained 
between 20 and 120 s and the right-hand column shows responses 
recorded between 15 and 16.7 min after the cessation of “the 
tetanus. a, Increased amplitude of the extracellular EPSP in 
str. radiatum and of the population spike in the pyramidal layer 
in response to a constant radiatum fibre volley (0.25 Hz, 29 pA). 
A small increase of the presynaptic volley is seen in the right- 
hand plot. b, Lack of consistent changes of the amplitude of the 
presynaptic volley, extracellular EPSP recorded from str. Oriens 
and of the population spike recorded from the pyramidal layer 
in response to stimulation of oriens fibres (0.25 Hz, 15 pA). 


When a group of fibres was stimulated, the dendritic 
electrode at the same level recorded an initial diphasic deflection 
followed by a negative wave with an irregularly shaped peak 
(Fig. 1c). The initial diphasic deflection ( Î ) is taken as the sign 
of the presynaptic fibre volley for the following reasons: it was 
located strictly to the*activated level, was linearly related to the 
EPSP amplitude, showed a conduction velocity of about 
0.3ms~, followed high-frequency stimulation, and was not 
changed by removal of Ca?* from the bathing fluid (Andersen, 
Silfvenius, Sundberg and Wigström, unpublished observations). 
The following negative extracellular field potential (*) was 
directly correlated to intracellularly recorded EPSPs and is 
taken as the extracellular sign of EPSPs from a group of neigh- 
bouring cells. Finally, a population spike (%), which represents 
an envelope of unit discharges’, was recorded from the pyrami- 
dal layer. The two pathways were stimulated alternately so 
that each line wasetested every fourth second. We measured 
continuously the size of the presynaptic volley 4nd the corres- 
ponding extracellular EPSP. Both may serve a measure of the 
input strength®, Further, we measured the size and peak latency 
of the population spike. After a control period of 15-30 min, 
a brief tetanisation was given to one of the pathways (10 Hz 
for 10s or 50 Hz for 3s). 
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_ Figure 2 shows synaptic transmission in the radiatum path- 


_ Way to be greatly facilitated after tetanic stimulation of the 







* 


. Radiatum input volley 


same pathway, a§ indicated by an increased extracellular EPSP 


cand a greatly enhanced population spike with reduced latency. 
= Further, the probability of single unit discharges increased 


during the period of the enhanced extracellular EPSPs These 
effects subsided only gradually and could last > 1h. It proved 
necessary to monitor the size of the presynaptic volley. In eight 
af 16 trials a transient increase of this deflection (< 10 min) 

ured post-tetanically. Further, in some experiments, 
distinct and seemingly spontaneous changes of the presynaptic 
volley developed. Therefore, to assess the potentiation effects, 
input-output graphs were produced before and at various times 
after the tetanisation. Comparing the input-output curves taken 
before and after the tetanisation, a given afferent volley along 
the tetanised line’ gave rise to a larger extracellular EPSP (13 






_of f6 trials) and a, larger (13/13) and shorter latency (12/13) 
-population spike (Fig. 3), In none of the seven trials in which 


control line responses were measured, were there any observable 
changes in the later, except a transitory and small change of the 
population spike, usually lasting <3 min. The LLP, therefore, 


seems to be an input-specific effect. 


iO.0r 4 IQQ 


5.0 5.0 





02 04 
Oriens input volley (mV) 


0 0.5 1.0 15 0 
Radiatum input volley e 


06 


Population spike (mV) 





0.5 LO 
Oriens input volley (mV) 


2) 02 04 O68 o8 oO 


Fig. 3 Input-output graphs for radiatum line (left) and oriens 
line (right) in two slices. a, Slice in which tetanisation (50 Hz, 5s) 
c: was given to str. radiatum. Responses to radiatum stimulation 

before (@) and after (©) tetanisation and to oriens stimulation 

before (A) and after (A) tetanisation. b, Symbols as in (a) buta 


_ | different slice and tetanisation (50 Hz, 5 5) now delivered to 


str. oriens. 


We also compared the size of the presynaptic volley and the 


probability of discharge of single CA1 neurones. The input- 
Output graphs changed after the tetanus in the same way as for 
the population spike. With intracellular recording the membrane 


potential, the size of the EPSP and the firing threshold of the 
spike were compared pre- and post-tetanically. In Fig. 4, three 


afferent volley sizes produce a larger EPSP. after the tetanisation 


than before. The increased EPSP caused the spike to occur in 
response to a smaller input volley and with a shorter latency 
compared to the pre-tetanised values. The fact that the mem- 


brane potential did not change suggests that the increased 


EPSP is due to an augmented transmitter release. In these 
experiments we did not systematically test the spike threshold 
by injecting depolarising current pulses in the soma because 


this threshold was found to be the same as the threshold for 
‘Synaptically activated spikes. 


Size of presynaptic volley (mV) | 





Fig. 4 Intracellular recording of responses tu three differently. 
sized radiatum fibre volleys. The peak-to-peak size of the volleys = 
are given in mV on the left. Left-hand column were taken before, eae 
right-hand column 15 min after a 50 Hz, 5s tetanus was delivered u 
to the same radiatum: fibres. After the tetanus q given input 
volley ‘gives a larger and faster rising EPSP and increased pros 
bability pf figing and a reduced latency. No significant changein 
the membrane potential ocurred except during and shortly after © 
the tetanus. Neither was there any change in the firing level of the 
action potential. The arrow peal the latency of the control 
spike. EE Pere. 


The claim for an input-specific process underlying the LLP 
rests on our observation of unchanged control line responsese _ 
Admittedly, small changes of these were seen, but an increase _ 
in excitability were as likely as a decrease, and both were 
unrelated to the tetanisation. Our failure to observe systematic — 
changes in the control line responses. makes it difficult to ascribe a» 
the reduced glutamate sensitivity seen during LLP to a general _ 
depression. of post-synaptic excitability as done by Lynch et al.®. 

In conclusion, we believe the presented evidence suggests that 
short tetani of fibres having dendritic synapses on CA1 hippo- 
campal pyramids lead to an input-specific and long-lasting 
potentiation (LLP) of synaptic transmission. The effect is hardly _ 
due to changes in the afferent volley since our method allows — 
control of the latter. Because unwanted changes in the input _ 
volley can pccur, we feel that experiments on LLP require — 
adequate input control. 
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Heterosynaptic depression: a postsynaptic 
correlate of long-term potentiation | 

Brier trains of electrical stimulation delivered to any ong 

of several hippocampal pathways often result in immediate 
and long-lasting enhancement of subsequent postsynaptic 


æ 


738 ° 


responses elicited by that pathway’. The unusual charac- 


teristics of these effects suggest that theories of long-term | 


potentiation (specifically changes im transmitter release by 
the presynaptic terminal) which have evolved from work on 
invertebrate and neuromuscjlar preparations may not be 
appropriate to explain synaptic plasticity in hippocampus. 
We report here the „results of experiments intended to 
examine the postsynaptic consequences of repetitive stimu- 
lation. We found that potentiation of one afferent tended 
to depress the target cell’s responses to a second test input. 

We used the in vitro hippocampal slice technique, details 
of which have been published®’. Briefly, rats were stunned, 
tha hippocampus rapidly dissected free, and then sliced at 
right angles to its longitudinal axis on a Sorvall tissue 
chopper. The slices (500 um thick) were then transferred to 
a small recording chamber of our design’ and immersed in 
_a Slightly modified glucose—Ringer solution. All experi- 
ments were run at 33 °C. 

Figure 1 shows the experimental design. The CA1 field 
was chosen for the analysis because it receives two different 
inputs to coppletely different dendritic subfields—namely, 
the apical and basal dendritic fields. Because of this ana- 
tomical arrangement, it is relatively easy to study the inter- 
action of two spatially separate afferents on the same 
postsynaptic neurones. One bipolar stimulating electrode 
(twisted 62-um wire) was placed in the trajectory of the 
Schaffer collateral-‘apical’ commissural projections to the 
stratum radiatum of the CA1 pyramidal cells. A second bi- 
polar electrode was localised in the stratum oriens of the 
*CAI, a zone which contains a massive commissural projec- 
tion to the basal dendrites of the CA1 cells". A recording 
micropipette was then guided by visual landmarks and 
physiological responses (cell spikes) into the pyramidal cell 


m body layer (stratum pyramidale). The distances between 


stimulating and recording electrodes 
1~3.0mm. A total of 28 slices was tested. 
Low voltage stimulation to these pathways produced the 
responses characteristic of the laminated hippocampal pro- 
jections—a monophasic negative-going potential in the den- 
dritic zone innervated by the stimulated afferent and a 
monophasic positive potential in the stratum pyramidale. 
The response was similarly positive but considerably 
attenuated in the dendritic zone across the celb body layer 
from the stimulated afferent. As voltage was increased the 
‘dendritic’ negative potential grew larger and a prominent 
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Fig. 1 A schematic diagram of the transverse hippocampal slice 
illustrating the experimental arrangement. Stimulating electrodes 
have been placed in two pathways as they enter the CAI subfield. 
These are the commissural fibres occupying the basal dendritic 
. area and the mixed input of Schaffer collateral-commissural 
fibres occupying the apical dendrites of these neurons. Sites of 
stimulation were chosen to ensure that the commissural fibres 
stimulated by each of the electrodes would be unique to that zone. 


apicalcomm, 


3 min 


Fig. 2 An example of the depression seen in the commissural 
response (b) cencommitant with post-tetanic potentiation of the 
Schaffer response (a). Note that all aspects of the commissural 
evoked response exhibit depression. The component most 
drastically reduced is the negative population spike, while the 
Schaffer population spike shows the greatest degree of potent- 
iation following tetany. The potentiation stimulus consisted of a 

§-Hz, 15-s train delivered (at test voltage) through the Schaffer 
clectrode at the arrows. All records are an average of four 
responses; the test frequency was 0.2 Hz, pulse duration was 

0.1 ms. Vertical scale, | gmV; horizontal scale, 5 ms. 
* 


sharp negative deflection appeared in the positive response 
recorded from the cell bodies. This negative potential is 
likely to be generated by the synchronous spike discharge 
of several pyramidal cells, as shown by Anderson ef al>’, 
and, following their terminology, we refer to it as a ‘popula- 
tion spike’. . 
Following the placement of the three electrodes, the size 
of the responses evoked by the two electrodes was made 
approximately equal by adjustments of the stimulating 
voltages (usually 5-10 V). The voltages selected were 
adequate to generate a small (1 mV) population spike. The 
responses in both pathways were periodically tested with 
trains of four pulses presented at 0.2 Hz during a 5-10-mig 
pretest. If these remained stable, a brief train (2—15 s) of 
15-Hz stimulation was delivered to one of the two electrodes, 
then the frequency was returned to 0.2 Hz. In most experi- 
ments, the magnitude of the conditioning and test responses 
was sampled at l-min intervals post-potentiation by 
averaging trains of four pulses given at 0.2 Hz. The poten- 
tiation train was délivered to the ‘Schaffer’ electrode in 13 
slices and to the ‘commissural’ electrode in 15 cases. 
During the stimulation train both the conditioning and 
test responses (that is, the responses to the electrodes which 
received the 15-Hz train and to the one which did not, 
respectively) were greatly augmented. After the termination 
of the train the two responses behaved quite differently. 
In 26 of 28 of the slices, the response elicited by the elect- 
rode which had delivered the high-frequency train was 
potentiated, particularly with regard to the population spike. 
This facilitation usually was evident within one or two pulses 
after the train and persisted for at least 15 min. Responses 
to stimulation in the non-potentiated pathway declined 
rapidly (over 15s) towards baseline following repetitive 
stimulation of the other electrode, and in 22 of the cases 
entered a period of persistent depression (mean size of the 
population spikes tested at 2 min post-conditioning train 
was 68% of the control value (P<0.001) (Fig. 2 and see 
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Fig. 3). As was the çase for potentiation, the depression was 
more evident in the population spike than in the slower field 
potentials. ° 

Thirteen of the slices were tested for longer post-tetani 
periods and both. potentiation and depression lasted for at 
least 15 min (Table 1). To test for effects longer than this 
it would be necessary to establish control procedures te 


insure that. the status of the preparation remained stable 


for longer periods. | ; 

In these 13 slices we also delivered a tetanic train of e 
stimulation to the depressed pathway, usually at 16 min 
after the first potentiation train. In all but one of these 
cases the depressed response showed marked potentiation, 
whereas in every case the previously potentiated responses 
were depressed (averages were 327% and 76% of the 
immediate pre-tetanus response 2 min following the reversal 
train). BO RIE 


“ Pre~potentiation response 





min post potentiation 


Fig. 3 Amplitude plot of the population spike evoked by both 
stimulating electrodes during 0.2-Hz ‘test’ stimulation. The 
figure shows the size of the population spikes both before and 
after a 15-Hz, 15-5 train was delivered to either the Schaffer 
(a) or commissural (b) afferents at. time O (different slices), 
*c and d show potentiation and depression, respectively, 
of a group of slices whose responses were tested at 2 min after 
the potentiating train. Amplitudes are plotted as the percentage 
of the last non-potentiated response. Schaffer responses indicated 
~~ by solid circles and commissural responses by open circles. Bars 
indicate means. l 


It seemed that, for most slices, long-term potentiation of 
one input to the pyramidal cells was accompanied: by an 
unusually persistent depressign of the response to remaining 
dnputs. As the anatomical arrangements of the slice and the 
afferents used in this experiment are such as to make any 
axo-axonic interactions highly unlikely, our results suggest 
that brief trains of 10-15 Hz stimulation lead to two effects: 
(1) a local enhancement or potentiation of the driven 
afferent and (2) a generalised depression of the postsynaptic 
neurones. | 

Other lines of evidence also suggest that repetitive stimu- 
lation leads to some type of persistent and generalised 
depression of the postsynaptic cells. We have reported else- 
where" that long-term potentiation is accompanied by a 
persistent decrease in cell firing in response to glutamic acid 
applied by iontophoresis to the dendrites of the CA] pyra- 
„midal cell. 

Sa ie IN te 
_ Table 1 Comparison of population spike amplitude before and 
Se after tetanic stimulation 
i Minutes post tetanus e 
ane Pre 5 « 10 i AS 
Tetanised pathway 


100° 390 3% 380% 3327, 
_ Control pathway 100% 74% 67% 73% 


N =17 N=17 N=17 N= 13 
San Reeeneeeeeeeeeeeee 
__ All post-tetanic values were significantly different (P <0.05) from 
immediate pre-tetanus values, as determined by a matched-pairs 


‘signed-ranks test. 


° 739 


In the absence of intracellùlar recordings we cannot dis- 
miss the possibility that two intermingled sets of neurones. 
are involved in the two effects, that the potentiation is. 
localised to ong set of cells and the depression to another. 
This seems unlikely, as it is quite evident from extracellul: 
recordings that the same cejls are driven by the t 
afferents used in our experiments. But whether we are c 
sidering opposing effects on a single neurone or in a sm 
population of cells the present findings suggest th 
of physiological modelling may go on in the hippos 
which one afferent through repetitive firing gains 
a temporary priority at the expense of its neigh 
Finally, our results indicate that potentiation or depress: 
of a pathway does not diminish the capacity of that system 
to undergo further plastic changes in response to subsequent 
episodes of repetitive stimulation. —_ ee 

This work was supported by grants from the NIMH and, 
NSF. G.L. is the recipient of a research career development 
award from the NIH. | Ree ee 
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Ethanol reduces excitatory 
postsynaptic current duration 
at a crustacean neuromuscular junction 


Because of this voltage sensitivity, it was proposed'* that the rate- 
limiting reaction in the decay of end-plate currents involves the 
relaxation of membrane proteins, which undergo a change in 
dipole moment normal to the field direction as they chang 
conformation. The magnitude and direction of the change 
dipole moment then determines the effect of electric figd on: 
reaction rate. a (=t~') would be proportional to exp Vy) 
15} where Vds membrane potential and u the dipole mom 
change normal to the field direction. It has been suggested thatthe 
prolonged decay of end-plate currents profuced by ethanol is due a 
to increase by ethanol of the dielectric constant of the environment 
of receptors®, which lowers the rate of reactions involving a 
decrease in dipole moment!® and hence increases t. In some 
arthropods, including crayfish, crab and locust, there is evidence k 
that glutamate acts as an excitatory transmitter at neuromuscular : 
junctions! ’;*. Also, the decay of excitatory postsynaptic currents 
in crayfish'” and locusts?” has the opposite voltage sensitivity to 
that found at amphibian neuromuscular junctions: hyper- 
polarisation reduces t, suggesting that the rate-limiting reaction in 
the decay of conductance at these ‘glutamate? synapses could be 
associated with a change in dipole moment which is opposite to 
that seen at amphibian neuromuscular junctions. Ethanol could 
+ 
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* 
then have an opposite effect at these two types of synapse, and 
depress synaptic transmission at glutamate synapses. We report 
here results of our study of spontanéous miniature excitatory 
junctional currents (MEJCs) in the crab, which confirm this 
hypothesis. ° 
We studied the opener musele (abductor of the dactyl) of the 
walking legs of the crab (Scylla serrata), Dissected muscles were 
continuously perfused with crab solution containing 466 mM 
NaCl, 8mM KCl, 20mM CaCl, 12mM MgCl, and 10mM 
NaHCO. pH 7.45 (ref. 21). Temperature was controlled to within 
0.5 °C in the range 10-22 °C. The time course of decay of MEJCs 
was determined by recording extracellular potentials with low 
resistance (0.2-1 MQ) electrodes (filled with 1 M NaCl) which 
were located focally over junctional regions. In some experiments, 
intracellular microelectrodes (3 M KCl) were used simultaneously 
to record membrane potential. MEJCs, which occurred at a low 
-frequency (sometimes > | min~') were recorded (using a 
Neurograph-N3 digital transient recorder), displayed on an 
oscilloscope screen and photographed. 
Although the shape and duration of MEJCs varied, two distinct 
types were recorded. The ‘fast’ MEJCs examined here had a rapid 
‘ growth phase (0.2-0.5 ms), then a slower decay lasting 2-5 ms at 
20 °C (Fig. 14). The other, ‘slow’ MEJCs, not studied here, had a 
variable, slower growth phase followed by a much slower, 
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Fig, 1 Ethanol increases the rate ef decay of MEJCs. 4, MEJCs 


recorded in normal crab solution (a) and in the presence of 0.25 M 

ethanol (+), Calibrations: vertical, 100V; horizontal, 2 ms. B, 

semilogarithmic plot of the decay of M EJCs in control solution (@) 
and in 0.25 M ethanol (A). 


non-exponential decay phase lasting < 50 ms. The decay of most 
of the fast MEJCs could be described by a single exponential 
function, as at amphibian neuromuscular junctions (Fig. 
1812222, Similar MEJCs recorded from crab neuromuscular 
gunctions have been described previously?***, 

Recordings of these MEJCs were obtained in six preparations 
from cells with resting membrane potentials of —65 to — 75 mV. 
The fnean time constant of decay (t) at 20 °C was 1.2 40.05 ms 


+ 
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(mean +s.m.). The time constant of deedy was temperature- 
sensitive, having a Q, of approximately 2.0 in the temperature 
range 12-22 °C. The latter observation suggests that the decay of 
MEJCs is not rate-limited by diffusional loss of transmitter, a 
process which would be expected to have a lower Q,9. Ethanol 
(0.25 M) caused an obvious and reversible decrease in t which is 
Illustrated (trace (b) in Fig. 14. The decay of MEJCs in ethanol 


remained exponential (Fig. 1B). In 0.25 M ethanol, t was reduced . 


from 1.2+0.05 to 0.5+0.02 ms, a 58% reduction. Lower cod- 
centrations of ethanol produced a smaller reduction in t. The 
concentrations tested did not significantly change the membrane 
potential of the muscle fibres. Concentrations of ethanol, which at 
amphibian and mammalian neuromuscular junctions cause a 
significant increase in the duration of postsynaptic currents’, 
produce a significant decrease in the duratien of postsynaptic 
currents at crab neuromuscular junctions. ‘ 
“The results are consistent with the idea that effect of ethan:t 
on the time course of postsynapti¢ currents is related to the change 
in dipole moment of the receptor during the reaction. The opposite 
voltage sensitivity of t seen at glutamate-sensftive synapses! ™ 29 
could reflect opposite changes in dipole moment, and thie could be 
the explanation for the opposite effects of ethanol. There is no 
direct evidence for the same voltage sensitivity at the crab 
neuromuscular junction, but in preliminary experiments we 
observed that the rate of decaf of MEJCs is slowed when the 
membrane is depolarised by increasing extracellular potassium 
concentration.glt can be calculated® that an increase in dipole 
moment of about 40 debye in relaxing receptors would give the 
voltage sensitivity of t seen at locust neuromuscular junctions?’. 
This is similar in magnitude but in the opposite direction to the 
change in dipole moment calculated for amphibian neuromus- 
car junctions®. At toad neuromuscular junctions, 0.1 and 
0.25 M ethanol increase t by factors of 1.4 and 2.1, respectively®. It 
is interesting that at the crab neuromuscular junction we find that 
these concentrations of ethanol reduce t by faetors of 1.7 and 2.3, 
respectively. This agreement further supports the idea that ethanol 
could havea similar action at the two synapses, but that the sign of 


the change in dipole moment determines whether t is increased or - 


decreased. This explanation is not unique, and there are othér 
possible ways in which ethanol could influence the rate of decay of 
synaptic currents differently at the two sites, for instanee, by 
affecting differently the rate of dissociation of acetylcholine and 
glutamate from receptors if these reactions are rate-limiting. 

The observation that ethanol can decrease t at some synapses is 
interesting, as varied and selective actions of ethanol have been 
described previously in vertebrate and invertebrate “nervous 
systems: ethanol potentiates cholinergic transmission at the 
amphibian and mammalian neuromuscular junction? t, and, 
conversely, has been shown to depress excitatory postsynaptic 
potentials in molluscan neurones?®*®. It may be relevant that 
hyperpolarisation has been reported to increase the rate of decay of 
excitatory postsynaptic currents at some synapses in molluscan 
ganglia?’. Ethanol also selectively depresses certain excitatory 
synapses in the central nervous system of goldfish without 
affecting other inhibftory and excitatory inputs”*, and depresses 
both inhibition and excitation of cat spinal motoneurones?’. 
These depressant effects could arise from an increase in the rate of 
decay of postsynaptic currents, as seen at the crab neuromuscular 
junction. The reduction in amplitude of excitatory postsynaptic 
potentials caused by ethanol in molluscan neurones is associated 
with a reduction in their time to peak*®, probably due to an 
increase in the rate of decay of the underlying currents®°. 

Itis recognised that ethanol has anaesthetic properties. As many 
general anaesthetics reduce the time constant of decay of end-plate 
currents in amphibia and mammals, it has been suggested?'~°* 
that they may cause anaesthesia through a similar action in the 
central nervous system, that is, depression of synaptic trans- 
mission caused by a decrease in the duration of synaptic currents. 
A difficulty with this hypothesis has been that ethanol prolongs 
postsynaptic currents at the motor end-plate. We have now shown, 
however, that ethanol can reduce the duration of postsynaptic 
currents and hence depress transmission at a synapse where the 
transmitter is other than acetylcholine. 
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Asymmetrical currents and sodium 
currents in Ranvier nodes exposed to DDT 


THE non-linear component of the capacity current (asym- 
metrical ‘displacement current’) of nerve membranes has been 
thought'~* to result from the movement of intrinsic membrane 
charges gating the specific pathways for sodium ions (‘Na 
channels’). This interpretation is partly based on the observa- 
tion that the voltage-dependent relaxation time constants of 
the sodium activating mechanism roughly agree with those of 
the displacement currents. According to this hypothesis, a 
stmilar correlation should be demonstrated when the kinetics 
_ characteristics of the Na system are modified under controlled 
experimental conditions. In this respect, the insecticide DDT is a 
useful tool as it slows down the turning-off of the Na-per- 
meability of the nodal membranet? without changing the rate 
of its turning-on. We have therefore compared the relaxation 
time constants of both the sodium current activation and the 
displacement current on DDT-treated Ranvier nodes. The 
results suggest that the intramembrane charge movement is not 
the sole transition involved in the gating process of the Na 
channels. 

Experiments were carried out on voltage clamped mye- 
linated fibres of the frog Rana esculenta. The delayed K current 
was abolished by tetraethylammonium (TEA, 10 mM) and by 
replacing the axoplasmic K content by caesium. The displace- 
ment currents (/4), recorded in the presence of tetrodotoxin 
(TTX, 10°°M), were obtained by subtracting the linear (leakage 


and capacity) current components in response to hyper- eè 


polarising voltage pulses from the responses to symmetrical 
depolarisations.” Fifteen identical pulses were alternatively 
applied in both directions (starting from a holding potential of 
E = — 100 mV) and the corresponding currents were digitised 
and averaged. DDT, first dissolved in ethanol, was diluted to 
10-*M in Ringer solution. Ethanol was present in the final 
DDT-test solution at a concentration of 2°, so was added at the 





, 741 


same concentration, to the ‘control solution’ (Ringer + TEA + 
ethanol 2%): As a rule, the sodium current (Ina) and the 
displacement currents (Zab were first recorded in the reference 
solutions (control solution without and with TTX respectively). 
The nodes were then superfused with DDT-test solution for 
20 min and the /,, records were taken. Immediately afterwards, 
the TTX-control solution was re-admitted into the chamber and 
[a was recorded. Taking advantage of the irreversibility of the 
DDT effects®, this latter procedure permitted measurement of 
eboth Jna and 74 after the same time of exposure to DDT, At the 
end of the experiment, the ability of the nodes to conduct J Na 
and the persistence of the DDT effects were verified in the 
control solution. | _ 
In our experimental conditions, the effects of DDT on Ia 
were in good agreement with those previously reported? 5, 
For reference, Na current records are presented in Fig, 1 
a and b. They confirm that a long-lasting tail of Na current 
remains after repolarisation, indicating that in DDT-poisoned 
nodes a fraction of the Na channels remain activated for a long 
time. The time course of both the turning-on and the turning-oif 
of the Jna activation were plotted against time, assuming that 
Ix. is proportional to the mh product (Hodgkin—Huxley 
variables).* The turning-on, of the sodium activation is 
described by a single exponential function with a time-constant 
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Fig. 1 Sodium current during 100 mV depolarising pulses from 
a holding potential of —100 mV. a, Before DDT and b, after 
exposure to DDT. Capacity and leakage currents were compen- 
sated analogically. Vertical and horizontal bars represent 5 nA 
and 200 us respectively. Note the large tail of inward current in 
(b). The difference in the Na-current peak amplitude in (a) and (6) 
was not regularly observed. Graphs c, d, e are semilogarithmic 
plots obtained from the current records (a) and (b). At the onset of - 
the depolarisation (c), before DDT (>) and after DDT (@). 
At repolarisation to the holding level, before DDT (d), after = 
DDT (e). The straight lines in (4) represent the two exponential 
components giving the best fit to experimental pointe. Time 
constants Ofethe single exponential functions: tm = 85 ps (e); 
tTNa gy = Ji us (d); tNagy,, œ 32 ps (fast component in e), 
TNäarm a = 1390 us (slow component in e) Temperature 12 °C. 
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Tm = 85 ps which is unaffected by DDT (Fig. ic). Under | 
normal conditions (Fig. Id) the turning-off can ‘also be des- 


cribed by a single exponential with another time constant ` 


tNaorr = 31 us. When DDT is added to the external medium 
(Fig. le), the tail of Na current is fitted by the sum of two 
exponentials: a fast one (tNay;;,,; = 32 us) very similar to that 
of Fig. Id, and a much slower one (tNaors.. = 1390 us). This 
indicates that a fraction of the channels is unaffected by DDT 
whereas the rate of turning-off of the other.fraction is nearly 
45 times slower. From the extrapolated values of /,, to time 
zero (fo) in Fig. le, it may be deduced that, at the end of the 
o 
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depolarising pulse, 21.4% of the channels were affected in this 
experiment. : 

Figures 2a and brepresent the displacement currents obtained 
from the same fibre and at the same membrane potential as in 
Fig. 1. The analysis of these currents reveals that DDT does not 
affect the on-response of the displacement current (Fig. 2c) as 
expected from the results presented in Fig. Ic. However, the 
time constant td,, = 113 ys is 1.3 larger than tm. Furthermore, 
the amount of displaced charges [Qon = Lato Tdon C67 t ond] 


is estimated to be 71 fC and is unaffected by DDT. In the absence, 


of this agent (Fig. 2d) the time constant tdorr of the displacement 
current at the repolarisation is 42 us (that is, 1.3 times larger than 
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Fig. 2 Averaged displacement currents obtained from the same 
fibre as in Fig. 1 in response to 100 mV depolarising and hyper- 
polarising pulses from a holding potential of --100mV. a, 
Before DDT and b, after DDT. Vertical and horizontal calibra- 
tions: 0.5 nA and 100 us. The lines through the points represent 
the mean values taken as reference for the analysis presented in 
(©, (d) and (e). The small inward current component during the 
pulses is probably due to non-linearity of the leakage current 
between E = 0 and E = —200 mV or to discrete anodal break- 
down during the hyperpolarising pulses; for this reason the zero- 
current reference for the on-response was taken at the end of the 
pulses. Graphs c, d and e are semilogarithmic plots of the Ja on 
(c) and off (d, e) responses, before DDT (©) and after DDT (@). 
The straight lines in (e) represent the two exponential functions: 
tdan = 113 ps (c); tdor = 42 ps (d); tdorrı = 42 us (fast 
component in e); tdog., = 190 us (slow compochent in e). 
Estimated amount of displaced charges: Qo, = 71fC (e); 
Oar = 55.3 FC (d); Qoton = 28 fe (fast component in e); 
Oott, = 27.2 fC (slow component in e). Temperature 12°C. 


the corresponding Naer). The amount of transferred charges 
(Qor = Lano X Tore = 55 fC) is smaller than that transferred 
at the onset of the depplarisation. After exposure to DDT 
(Fig. 2e), two exponential components can be distinguished in the 
Ia off-response: a fast one (tdeorr,ı = 42 us), similar to that 
obtained from the control experiment, and a second one, 
markedly slower, with a time constant tdorr.a = 190 us. This 
second component is supposed to correspond to the fraction 
of charges affected by DDT. The best fit to the averaged points 
in the ree&rd of Fig. 2b leads to an estimate of the fractions of 
transferred. charges (Q erro, and Qorrw 2) of 28 HC (unaffected) 
and 27 fC (affected by DDT) respectively. The sum gf both 
(55fC) is identical o the amount of charges displaced at 


_ repolarisation under normal conditions. 


From a qualitative point of view, the effects of DDT on the 
displacement currents are those expected from the analysis of 
the sodium current, in particular when considering that DDT 
leaves the on-responses unchanged while the off-responses are 
altered. Thus, our results support the idea that the displacement 
current reflects the movement of charges involved in the activa- 
‘tion process of the Na-conductance. Moreover, it appears that 
DDT acts only on charges previously displaced by depolarisation 
and at the time of reversion to their resting state (or position). 
The fact that the fraction of charges affected by DDT (50% 
of the total amount in the experiment reported here) is larger 
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than the,fraction of affected channels (21-%) is consistent with 
the assumption that at least two independent charges are in- 
volved in the gating subunit of each channel. If one assumes two 
particles per channel, only the channels in which both charged 
particles are affected by DDT will close slowly; those in which 
only ene particle is affected will close at the same rate as intact 
channels. 

A striking result is the observation that DDT increases the 
relaxation time constant of the J, off-response by a factor of only’ 
4.5 whereas it enhances that of the Na current by a factor of 
about 45. This indicates that the channels remain open for an 
appreciable time after the reversion of the gating charges to their 
resting configuration. This may be due to a specific effect of 
DDT. Disagreements between td rp and tNaorr have been also 
observed, however, in squid axons submitted to external solu- 
tions made with heavy water®. Furthermore, discrepancies 
between the voltage dependence of the m-process and thé dis- 
placement current have been reported for the squid axon as well 
as for the Ranvier node’ under hormal conditions. There is thus 
good reason to suppose that DDT exaggerates the relaxation 
time of a further transition®*, complementary to the charge 
displacement and necessary for the closing of the Na channels. 

We thank Dr B. Rudy for suggesting DDT experiments. This 
work was supported by the DGRST and CNRS. 
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Effect of transplantation of pancreas . 
on development of hypothalamic obesity 


* 
HyporTHALAMIC obesity is a syndrome of hyperphagia and 
obesity that follows destruction of the ventromedial region ~ 
of the hypothalamus. This syndrome is associated with loss 
of normal nocturnal rise in food intake and with several 
endocrine changes of which increased concentrations of 
insulin are the most important. It remains to be settled, 
however, whether the hyperphagia or hyperinsulinaemia is 
the primary factor in the development of hypothalamic 
obesity. The aim of the present experiment was to dis- 
tinguish between these possibilities by freeing the insulin- 
secreting islets of Langerhans from neural control. This was 
done by implanting foetal pancreatic tissue under the 
kidney capsule of diabetic rats. This experiment prevented 
the characteristic hyperphagia and obesity seen in the con- 
trol animals with normally innervated pancreatic tissue. 
Obesity can be produced by several experimental pro- 
cedures’. Among the most widely studied is the one due to 
damage to the ventromedial region of the hypothalamus’. 
For many years, hypothalamic obesity was ascribed to the 
destruction of a ‘satiety centre’ which was thought to coin- 
cide anatomically with the ventromedial nucleus of, the 
hypothalamus‘. Ablation of this ‘satiety centre’ was believed 
to remove the inhibitory influences from a primary feeding 
centre in the lateral hypothalamus and allow excess feeding. 


« * a 
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Recent investigations, ‘aud suggested, however, that this 
interpretation may be incorrect" *, and alternative hypo- 
theses have been proposed. One of these suggests that the 


-increase in food intake and obesity are both secondary to 


the rise in insulin levels which follow ventromedial hypo- 
thalamic (VMH) injury. The present studies were designed 
to critically examine this hypothesis. 

An increase in the concentration of serum insulin after 
a VMH lesion is among the earliest observed changes’, 
and occurs even when the food intake is limited and the 
increase. in body weight is prevented*®’. If the increase in 
insulin is inhibited by destroying the £ cells in the pancreas 
which produce insulin, the effects of a ventromedial hypo- 
thalamic lesion on food intake and body weight are 
abolished or largely reduced”, In addition, it is well 
known that injectfons of insulin will increase food intake 
and Body weight". This constellation of findings suggests an 
important role for insulin, but leaves unsettled the mech- 
anism for its increase. Two ‘possible hypotheses may be 
advanced, One is humoral, postulating that a ‘hypothalamic 
factor’ is released into the circulation and directly stimu- 
lates the Telease of insulin. The other hypothesis pro- 
poses a neural mechanism”, A critical test of these two 
hypotheses: might result from placing hypothalamic lesions 
in rats whose pancreatic islets were no longer under the 
neural influences of the pancreatic bed. 

Female rats of the highly inbred Lewis strain weighing 
approximately 200g were injected with streptozotocin 
(65 mg kg"). Four to seven days later, the diabetic rats 
(overnight fasting blood glucose levels >250 mg di“) 
received transplants of pancreatic tissue from six foetuses 
which averaged 16-17 d old”. These transplants were placed 
beneath the renal capsule and the animals were observeti 
for 4 weeks. The rats with effective transplants showed a 
gradual decline in,serum and urtne glucose and the insulin 
requirement disappeared. After 3 weeks of normal serum 
glucose, the recovered rats were tested for the function of 
the transplanted pancreatic tissue by giving them an intra- 
peritoneal challenge with glucose (1 gkg. The increase 
in serum glucose was similar in transplanted and control 
animals. Bilateral ventromedial hypothalamic lesions or 
sham-operations were introduced in the transplanted and 
control animals. Bilateral ventromedial hypothalamic lesions 
were produced using previously described coordinates™ (at 
the Bregma anteriorly; +0.7mm lateral to midsagital 
line; and 1.0mm above the base of the skull). Six of the 
eight control (non- -transplanted) rats and five of the seven 
rats with pancreatic transplants had adequate hypothalamic 
lesions as confirmed by histological examination of stained 
sections of the brain. Data on body weight, the Lee index 
for body fatness at the final week and food intake measured 
two weeks after VMH lesions were compared using an 
analysis of variance with multiple range comparisons. 

Body weight rose an average of 120 g in the lesioned rats 
with normal pancreatic tissue (Fig. 17 and reached an 
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Body weight (g) 





Time (weeks) 
Fig. 1 Body weight of transplanted (W, ©) and intact rats 
(@, ©). Body weight was followed for 4 weeks after VMH 
(@, @). ©, ©, Sham-operated. The increase in the lesioned rats 
without pancreatic transplants was statistically significant. The 
rats with pancreatic transplants and VMH lesions gained slightly, 
but not significantly more weight than the sham-transplanted 
animals, All data are presented as the mean -+ s.e.m. 


average of 319g 4 weeks after the VMH lesions. The two 


groups of sham-operated rats (both with and without trans- 
planted pancreatic tissue), showed a significantly smaller rise 


in weight than the VMH-lesioned rats with normal pan- « 
creatic tissue. There were no significant differences in the 


weight gain between VMH-transplanted rats and sham-. 
operated animals. The Lee index, 
killed, was used to measure fatness. It showed a significant: 
increase in body fat in the control rats with VMH lesions, 


but no differences in body fat in the other groups, including — : 


the lesioned rats with transplants (Table 1). Food intake 
increased 71% in the lesioned rats with the normal pan- 
creases but qnly 23% in the lesioned rats with transplanted 
tissue. The diurnal pattern of food intake was also 
measured during the third week after VMH operation, The 


ratio of food intake between 0900 and 1800, and between | a 


1800 and 0900, was 3.3/14.5 and 3.1/14.3 for the two sham- 
lesioned. groups. In the VMH-lesioned rats with normal 
pancreas, this ratio was 10.1/18.9. In the VMH-lesioned 
rats with transplants, the ratio was 6.0/14.9. . | 
The results of the present experiment show that: removal 
of the pancreas from its usual neural influences markedly 
reduced the effect of ventromedial hypothalamic lesions on 


body weight and food intake; and that release of a humoral 
factor directly from the hypothalamus is not a sufficient — ai 





Operation . 
pancreatic Food intaket ° 
Group Animals VMH transplant (g d~) P Lee index* P 
1 6 -H == 29.3 -+-0.8 32.7 +0.36 
< 0.001 <0.01 
2 6 mat 47.140.4 28.8+0.18 | 
<0.01 N.S. 
3 5 -+ s 20.5+0.5 œ 29.6 +0.17 
<0.01 N.S 
4 5 — + 16.7 4-0.4 29.2 +0.14 
i 34/3 
*Lee index = (body weight (9) ; value at termination of experiment. r 


naso-anal length (m)’ 


+Food intake was measured during the second week after VMH operation. 


when the animals were 





+ 
explanation for the high food intake and weight gain in 
rats with VMH lesions. . 


The vagus and sympathetic nerves both provide neural 
connections to the pancreas. The finding of gastric hyper- 
motility and hyperacidity in rats with hypothalamic obesity 
suggests that the firing rate*of the vagus nerve may be en- 
hanced either directly or indirectly after VMH injury™. 
Further support for% role of the vagus nerve was provided 
by Powley and Opsahl who showed that vagotomy reversed 
the hypothalamic obesity’* and by the fact that stimulation, 
of the vagus increases insulin secretion”’”. The finding of 
a correlation between the level of acid in the stomach and 
the concentration of insulin in the serum of rats which had 
VMH lesions and varying degrees of vagotomy also suggest 
that the enhanced activity of the vagus nerve plays an 
important role in the syndrome of hypothalamic obesity”. 

The sympathetic nerves are also known to modulate 
insulin secretion from the pancreas”’**, Whether lesions in 
the ventromedial hypothalamus modify both components of 
the autonomic nervous system or only one remains to be 
established. What seems clearly demonstrated by the present 
experiment*is that primary neural innervation of the pan- 
creas plays a central role in the development ef the increased 
food intake and obesity that Tollow ventromedial hypo- 
thalamic injury. | 

We thank Dr Donald Novin, Department of Psychology, 
UCLA, for assistance with the histological preparation of 
the brains. This work was supported in part by the NIH. 
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Comparable complex rearrangements 
involving 8;21 and 9;22 
translocations in leukaemia 


For many years chromosomal abnormalities in tumours 
seemed to be so variable that it seemed most reasonable to 
:¿ „View them as epiphenomena. But banding techniques have 
= revealed non-random chromosomal abnormalities in several 
= human and mammalian malignancies. The observation of 
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relatively consistent translocations ih several types of leu- 
kaemia and lymphoma lends credence to Boveri’s hypothesis' 
that chromosomal alterations are among the- fundamental 
changes that result in malignancy. For example, the Phila- 
delphia (Ph') translocation” is observed in 85-90% of 
patiepts with chronic myelogenous leukaemia (CML), and 
the 8:21 translocation is observed in 10-15% of patients 
with acute myelocytic leukaemia (AML)**. We report here 
that, when more complex structural changes occur, cqm* 
parable patterns of rearrangements are found for both “the 
9:22 and the 8:21 translocations. This provides further sup- 
port for Boveri’s hypothesis, 

The common rearrangement in AML involves a trans- 
location of about one-third of the long arm of chromosome 
no. § to the end of no. 21 [t(8:21)(q22:q22}] (ref. 3). This 
rearrangement is often associated with lo@s of a sex chromo- 
some, an X in female or a Y in male patients, whtch is 
otherwise a very rare occurrence in acute leukaemia. 
Whereas the original report**and°subsequent confirmations‘ 
identified rearrangements involving only nos 8 and 21, we 
observed a variant translocation yn a female patient with 
AML, int whom the translocation from no. 8 in*%olved the 
end of the long arm of no. 17, and in whom there was an 
associated loss of an X chromosome (Fig. 1Y. Analysis with 
fluorescence revealed this gbnormality in 22 of 26 cells 
(85%) obtained from the initial pretherapy sample and in 5 
of 10 cells (50%) in a sample obtained 2 weeks later, while 
the patient Was receiving chemotherapy. 

A second female patient with a variant has been identi- 
fied; the translocation from 8q involved the end of the 
short arm of no. 11 without loss of one X, but with the 
addition of one no. 8. In this patient, one no. 21 appeared 
larger than normal because of the presence of a narrow 
dull band of fluorescent material, presumably band lipis 
147, XX, + 8,t(8: 11521)(q22:p15:q22)] (Fig. 1). The complex 


Fig. 1 Partial karyotype of cells from two patients. a, Stained 
with quinacrine; b, stained with Giemsa, Top row, chromosome 
nos 8, 17 and 21, showing the deletion of 8q22, transfer of thig 
material to 17q237, and the additional material on 21q presum- 
ably representing the end of 17q(q23--qter). Bottom row, 
chromosome nos 8, 1] and 21, showing the presence of two 
normal chromosomes no. 8 and the deletion of the third at 8g22. 
transfer of this material to 11 p15, and the additional band on 21q 
presumably representing 11p15-—pter. 





oH 


Nature Vol. 266 21 April 1977 

* o 
translocation was seer ii in 4 of 18 cells (22%) in the pre- 
treatment sample and*in 13 of 14 cells (93%) in thé sample 
obtained 10d later. 

Re-examination of the previous patient with the 8:17 
translocation showed an analogous aberration of no. 21, 
compatible with a translocation from 17q (band 23?): the 
corrected karyotype should be 45,X,t(8;17;21)(q22;23? ;q22). 
The break points in nos 8 and 21 in these two cases were 
similar to those in the standard 8;21 translocation. 

Fhe relevance of these observations to the role of chromo- 
somal changes in leukaemia becomes apparent when one 
considers variant translocations in patients with Ph’ positive 
CML. In most of these patients, a portion of the long arm 
of no. 22 (Ph' chromosome) is translocated to the end of 
the long arm of no. 9; this type of translocation was 
observed in 413 of 440 patients whose cells have been 
examéned with banding*. Of the 27 cases with other re- 
arrangements, 15 had translocations affecting three chromo- 
somes; in each instance,*twoe of the three chromosomes 
involved were nos, 9 and 22, with the standard break points. 
Most of the remaining, patients showed a translocation 
between no. 22 and some chromosome other than no. 9. 
Thus a parallel exists between the chromosomal changes 
in CML and in AML. In each case, two chromosomes are 
preferentially involved in a translocation; in some cases 
three chromosomes are affected, two of which are those 
involved in the typical translocation. 

The mechanism producing such specific «hromosomal 
rearrangements remains an enigma. Whether it is related 
to proximity in the nucleus or to homologous sequences 
of DNA, or whether it is the result of some selective advan- 
tage, is unknown. The observation of similar ‘rules’ 
governing two different translocations in two different 
types of leukaemia suggests that these changes are subject 
to precise, although as yet undetermined controls, and 
lends stipport to” Boveri’s hypothesis that chromosomal 
changes are among the fundamental alterations associated 
with malignancy. 
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Derepression of E. coli trp 
operon on interfamilial transfer 


THE P-group R factor RP4 originally isolated from Pseudo- 
monas aeruginosa can be transferred to many Gram-negative 
bacteria™. In spite of its large molecular weight, RP4 has 
only one site susceptible to each of EcoRI (ref. 4), Hindili 
(ref. 5) and BamNI (data not shown) restriction endo- 
nucleases. We bave constructed an RP4-frp plasmid con- 
sisting of RP4 DNA and the complete tryptophan operon 
of E. coli obtained from bacteriophage AtrpE-Awo-s in vitro". 
We reported that the tryptophan synthetase activity in the 
strain carrying RP4-trp plasmid was repressed by exogenous 
tryptophan”. Manson and Yanofsky have reported that the 
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Fig. 1 Electron micrograph of RP4-trp DNA obtained from è- 
P, aeruginosa M12. pSC1OL (molecular weight 5.8 x 10°) was X 
shown as internal standard. RP4-rrp DNA was calculated to be 

of 48 x 10° molecular weight. 


E. colt trp operon on the colVB plasmid was similarly re- 
gulated in other enteric species’. We show here that the 
RP4-trip plasmid in Æ. coli can be transferred by conjuga~ 
tion to Pseudomonas aeruginosa which belongs to a different 
family from E. coli, converting Pseudomonas Trp pheno- 
type to Trp”. The levels of tryptophan-synthesising enzymes 

in P. aeruginosa carrying RP4-trp plasmid are much higher 
than those in, the wild strain, and they are not controlled by 

the repression system in P. aer uginosa cells. 

Table I shows that the transfer frequency of RP4—rrp 
plasmid from Æ. coli cells to P. aeruginosa cells was lower 
by two orders of magnitude than that between E. coli rM y 
strains, whereas the transfer frequencies of RP4-rrp from 
E. coli to P. aeruginosa for Trp* and Carb® markers are 
almost equal (Table 1), implying that the low frequency is | 
due to the presence of a restriction®systems or some other 
mechanisms in P. aeruginosa cells but not to the inactivity 
of trp operon of E. coli in P. aeruginosa. So far, all the. 
transformants selected for resistance to carbenicillin were. 
also tryptophan independent and vice versa. | 

Activities of two enzymes belonging to tryptophan 
operon, anthranilate synthetase (ASase) and the k subunit 
of tryptophan, synthetase (TSase) were measured in crude 
extracts of cells grown in non-repressed or repressed condi- 
tion (Table 2), The levels of both enzymes in the P. aeru- 
ginosa M12 strain (PAO subjine) carrying RP4-irp plasmid 
were markedly elevated compared with those in a wild P. 
aeruginosa PAO strain which has chromosomally-located 
trp genes, and showed almost equal enzyme activities in 
both non-repressed and repressed conditions. 

Calhoun et al.” reported that in wild-type P. aeruginosa, 
the presencé of exogenous L-tryptophan during growth in a 
minimal salts-glucose medium had no influence on the 
specific activities of ASase, 5-phosphorylribose 1-pyrophos- 
phate phosphoribosyl transferase, N(5’-phosphoribosyl) 
anthranilate isomerase and indoleglycerol 3-phosphate syn-° 
thetase in the cells, whereas their real repressibility by 
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. Table 1 Transfer frequency of RP4e-trp plasmid rae 
Donor á Recipient Selection Transfer frequency 
E. coli E. coli 
C600 rpm trp ™ URP4-trp) * €600 r-,m~,trp~str® Trp* 1.7 x 107* 

° Carb® 1.3 x 107? 
E. coli P. aeruginosa ? 
C600 rpm trp ~ (RP4-rrp) M12 str® Trp* 1.8 x 107 

j Carb” 12 x 10m . 


* 





Donors and recipients were middle log-phase cultures grown in nutrient broth supplemented with 0.4% KNO, without shaking at 37 °C. 
0.5 ml of a donor culture was mixed with 2.5 ml of a recipient culture with 2.0 mi of fresh broth and this mixture was incubated at 37 °C for 
2 h without shaking, then an aliquot was plated on the streptomycin (100 ug ml~') containing Vogel and Bonner’s minimal medium in the 
absence of tryptophan, or in the presence of tryptophan (Trp, 50 pg ml) and carbenicillin (Carb, 500 ug ml~') for transfer to Æ. coli. 
Appropriately supplemented (as above) glutamate minimal medium’? was used for transfer to P. aeruginosa. The frequency of transfer was 
calculated as number of transfers per donor cell. Strains used were E. coli C600 r~ym~,irp~ (RP4-trp), restriction and modification minus 
E. coli C600 leu~thr-thi-trp~ containing RP4-trp; P. aeruginosa M12 (ref. 10), trp. 


exogenous tryptophan were revealed only in tryptophan 
auxotrophic mutants which caused the strict deprivation of 
intracellular tryptophan in depressed culture condition. In 
contrast the TSase activities in P. aeruginosa were much 
reduced in the presence of exogenous tryptophan and 
induced by their substrate indoleglycerophosphate. Our data 
on PAO (wild type) strain are consistent with their obser- 
vations, but a striking difference exists in the specific enzyme 
activities of strain M12, which has received the complete 
E. coli tryptophan operon in the form of RP4-:rp plasmid 
DNA. Strain M12 carrying RP4—-trp showed much higher 
levels of both ASase and TSase activity, and neither enzyme 
was repressed by exogenous tryptophan. 

The amount of RP4—-zrp DNA in P. aeruginosa measured 
on a CsCl-ethidium bromide density gradient was almost 
equal to that of RP4 DNA in the same host strain (data not 
shown), indicating that RP4—irp was limited in number as 
RP4. This confirms our assumption that the expression of 
the E. coli tryptophan operon was out of the control of the 
P. aeruginosa repression system. 

The molecular weight of RP4—trp in P. aeruginosa was 
48x 10° (Fig. 1), which was the sum of the RP4 DNA 
(38x 10°) and the tryptophan fragment (10.8 x 10°) derived 
from ArtrpE-Asw-s DNA. The two bands, one corresponding 
to 10.8 10° and the other presumably to 38x 10° daltons 
could be seen in agarose gel electrophoresi& of EcoRI- 
digested RP4—-trp DNA obtained from P. aeruginosa M12 
cells (data not shown), showing that the complete E. coli 
RP4-—trp’ was transferred to P. aeruginosa. Together with 
the transfer experiments this shows that the RP4-trp DNA 
has not been changed by deletion or insertion during 
conjugation. 

These results imply that the trp repressor protein of P. 
aeruginosa cannot bind to the trp operator region of E. coli 
and so the frp gene products are expressed constitutively. 
The P. aeruginosa Trp” phenotype has been converted to 
Trp” by the effective transcription and translation of the 
E. coli trp operon by the Pseudomonas system. 

Mansog and Yanofsky discussed the suggestion that the 


Table 2 Specific activities of tryptophan-svnthesising enzymes in 
P. aeruginosa PAO) wild type’and M12 carrying RP4-¢rp 
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Strain, n Trp ASase  TSaseß 

PAOI i 1.41 0.38 
= 1.53 2.17 

M12 (RP4-trp) + 6.59 19.0 
== 6.11 26.2 





Cells were grown in glutamate minimal medium with or without 
tryptophan (100 pg ml) and*harvested in late exponential phase. 
the preparation of crude cell extracts and the assays for anthranilate 
synthetase and B subunit of tryptophan synthetase activities have 
been described’. 


+ 


identical regulation of the Es coli*trp operon in many of the 
Entero-bacteriaceae is proof of their common ancestry. The 
Family Pseudomonadaceae, however, seems to have 
diverged from the Family Enterobacteriaceae futther back 
in evolution. 

These experiments were carried out using precautions 
corresponding to the P3 containment level suggested by the 
US National Institutes of Health. P. aeruginosa and E. coli 
are natural hosts of the RP4 plasmid, and the fact that the 
E. coli trp operon is translated effectively in P. aeruginosa 
prove that the translation codes are identical in these two 
organisms suggests that possibly dangerous ‘unknown’ pro- 
teins would not be produced by this combination. 

We thank Miss T. Koshikawa for technical assistance. 
We also thank Dr M. Kageyama of this institute for discus- 
sions and for supplying P. aeruginosa PAO! and M12 
strains. = 
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Correlation between the X-ray 
structure of melanostatin 
and its conformation in solution 


Tue establishment of correlations between solid-state (for 
example, X-ray) conformations and conformations in solution 
(monitored by spectroscopic methods such as nuclear magnetic 
resonance (NMR)) is essential for the understanding of struc- 
ture-function relationships in biologically active molecules. 
The relative functional importance of static and dynamic 
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structures is of paaa interest for peptide hormones which 
reach their site(s) of action on the receptor via a fluid medium. 
We describe here a comparative study of melanostatin (Pro- 





- Leu-Gly~NH,) which acts as a melanocyte stimulating hormone 
release-inhibiting factor’. 


Melanostatin was chosen for study because its X-ray strueture 
is known®, its minimum energy conformations have been 
computed’, and *H NMR studies in deuterated dimethyl- 
sulphoxide* and in aqueous solution® provide information about 
the time-averaged values of the dihedral angles in the backbone 
and side chains. We used °C NMR spin-lattice relaxation 
times® (7,) of the proton-bearing carbons of melanostatin, in 
conjunction with a plausible theoretical model of molecular 
reorientation, to elicit dynamical information about the 
conformation in solution. The model for reorientational 
relaxation is stochdstic rotational diffusion, with parameters 
optimised by a nonlingar least-square procedure™®, From these 
one can estimate both the pverall molecular tumbling rate in 
solution, and the rates of internal motion about individual 
bonds. Thus the Tẹ data facilitate study of the relative flexi- 
bilities of the various moleeular fragments. f 

We first attempted to correlate the °C NMR T, values 
obtained for melanostatin in aqueous solution with theoretical 
values calculated for the rigid X-ray structure. This rigid 
conformation was assumed to tumble about the three principal 
axes of its moment of inertia tensor with the optimal diffusion 
rate constants D,. Even fully anisotropic (D,4D.#D,) overall 
rotation of the rigid X-ray structure cannot account for all the 
observed 7, values. This conclusion is unchanged even if the 
molecule is assumed to take on the unlikely fully extended 
conformation. Furthermore, the least-squares fit is not improved 
if the reorientation axes are chosen optimally rather than 
forced to coincide with the principal axes of the moment of 
inertia tensor. It was necessary to invoke internal motion for 
various molecular fragments in* order to reproduce the 
observed 7, values of melanostatin. 

CT, values were measured in aqueous solution (50 mg ml ~} 
using the inversion-recovery technique®. Complete nuclear 
Ovtrhauser enhancements (NOE) were obtained for all proton- 
bearing carbons’®. Table 1 shows °C T, values determined for 
Pro-Lew-Gly-NH, in which the prolyl residue is uncharged. 
Fig. 1 depicts molecular models of the folded and extended 
forms of the tripeptide we used in the calculation. The models 
are viewed along the C and B principal axes of the moment of 


e 





747 


inertia tensor for the folded and extended forms, respectively. 
The moments’ of inertia were calculated from the Cartesian — 
coordinates of all the atoms™. The ORTEP thermal-ellipsoid © 
plot programme for crystal structure illustration!? was used to 
draw the figures. A nonlinear least-squares procedure’? - é 
used to determine optimal sets of anisotropic rigid b 

rotational diffusion constants D,, using experimentally obtat 
T, values and the computed direction cosines of the corres 
ing C-H vectors. C-H distances were assumed to be 
1.09 A, or the actual values deduced from the X-ray dat: 
qualitative conclusions do not depend on the choice ol 
C-H distances. Table 1 lists the optimal effective correlat 
times t; (t; = 1/6D;) for overall rigid anisotropic molecule 
reorientation about the principal axes of the moment of inerti ; : 
tensor, as well as the 7, values calculated with these correlation 
times. Results are shown both for the X-ray structure and the eas 
fully extended form. : 

When all proton-bearing carbons are included in the least- a 
squares fitting, the 7,’s of the a~carbons are matched reasonably = __ 
well (within -+40 %4). T, values for the CH, groups in the proline 
ring and for the CH, groups of the leucyl residug, however, 
were only within a factor of 2-3 of the experimental values. It. 
is reasonable to*ascribe these,discrepancies to flexibility within 
the pyrrolidine ring of proline?! (probably puckering motion), 
and to rapid internal rotation of the CH, groups!. We repeated 
the calculations in the absence of these carbons. This led to t 
values qualitatively the same as in the all-carbon case and which 
produced 7, values for the a carbon of the prolyl, and the a, B, 
and y carbons of the leucyl residue that were within the experi- 
mental uncertainties (410%) of the measured T, values. Of ® 
special interest is the discrepancy between observed and calcu- 
lated T, values for the glycyl residue. This is attributed to 
increased flexibility of this residue with respect to the remainder 
of the peptide backbone, a feature which is emerging as 
characteristic of glycyl residues’. 

The overall molecular tumbling of the X-ray conformation Lo 
is not markedly anisotropic, having effective correlation times 
of 5.9, 7.5 and 3.0x 107" s for rotation about the principal 
axes A, B and C of the moment of inertia tensor. Because the 
overall motion is nearly isotropic, displacement of the principal 
axes of the rotational diffusion tensor from corresponding axes 
of the inertia tensor would have little effect on calculated T;. 
Calculations were repeated for a fully extended conformation 
in order to test the sensitivity of the calculated T, values to 
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Table 1 Least-squares fit of rotational correlation times to °C T, values of melanostatin, 





Carbon Observed T, Calculated T; 
atom (s) (s) 
X-ray conformation Extended conformation l 
Pro aCH 1.00 1,35* $ 0.99* 1.03* 0.96* 0.84* 0.89* 1.03* 0.95" 
BCH, 0.88 | 0.56* 0.48* 0.46 0.42 1.03* 0.92* 0.46 0. C e 
YCH, 1.23 0.65* 0.44* 0.51 0.42 0.67* 0.69* 0.51 390 
CH, 1.00. 0.63* 0.48* 0.50 0.39 0.83* 0.77* 0.50 44 i 
Leu aCH 0.68 0.77* 0.89* 0.72* 0.75* e ().83* 0.87* 0.72* 0. 94* 
BCH, 0.43 0.48* 0.46* 0.42* 0.37* 0.62* 0.62* 0.42* 0.48* 
YCH 0.90 1.26* 0.93* 1.01* 0.69* 0.83* 0.87* 1 Hi* 0,94* 
SCH, 0.92 0.38* 0.29* 0.31 0.27 0.50* Q 50* 0.31 0.29 
SCH, 0.92 0.40* 0.30* 0.32 0.27 0.52* 0.50* 0.32 0.30 
Gly aCH, 0.63 0.56* 0.48* 0.46* 0.37* 0.60* 0.64* 0.45* 0.46* 
Euler anglest | | ? . . 
a (0) 115.0 (0) 77.0 (0) — 29.0 (0) DIO ake 
B (0) — 76.0 (0) — 48.0 (0) 0.0 (0) SILO aE 
Y (0) 51.0 (0) + 53.0 (0) 0.0 (0) 360 7 
Optimal tä 5.0 x107] 66.8 x 1078 59x107 1.2107) 72x10 39x10- 59x1Į0-=€ 69x j0- ee, ee 
correlation * To 8.0x 107 54x107 74x107 49x107 28x10- 81x107! 75x107 75x10- 
timest (s) Te 19x10" 38x107 30x107 3.6x10°% 59x107! 76x107 30x10- 30x101" 
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*Carbons which were included in least-squares fit. 


*Euler angles characterising deviation between rotational diffusion and moment of inertia tensor axes. 


tt; = 1/6D;, where D; are rotational diffusion constants. 
All C-H distances are 1.09 A. 











Fig. 1 Conformations of Pro-Leu~Gly-NH,. Axes are drawn 
along principal axes of the moment of inertia tensor. a, Confor- 
mation determined from X-ray crystallography. Model viewed 


fe = 3,661.8 a.m.u.A? (1.00:1.15:1.93), b, Extended structure. 
Model viewed along the B axis. Ja == 636.5, Ig = 3,571.4, Ic = 
4,037.6 a.m.u.A? (1.00:5.61 76.34). 


conformational differences. Even though the overall fitting 
errors are comparable for the two conformations, the optimal 
sets of t; values are physically less reasonable for the extended 
form (in some instances spanning three orders of magnitude). 
Having established that only internal flexibility can account 
for the observed T, values, we estimated optimal rates of internal 
rotation about individual C-C bonds. This was done both for 
the CH, groups and for the C,{°9—-C,@') pseudo-bond!® in the 
backbone. The values for the effective correlation times Ta, Ta, 
te describing overall molecular reorientation of the X-ray 
conformation were the optimal values obtained fitting the 
backbone carbons only. Using an ellipsoid of rotation for the 
overall gnolecular shape, the effective correlation times we 
calculafe for the CH, rotation (tin = 5x107? s} and for 


physically reasonable, further confirming the postulate of 
internal mobility. No attempt was made to estimate the rate 
and amplitude of puckering in the proline ring. 

Correlating the X-ray structure with °C NMR relaxation 
data has shown that in solution Pro-Leu~Gly—NH, is not rigid 
on the NMR time scale. The 7, data seem to be good qualitative 
monitors of internal mobility in linear peptides, and wher? 
interpreted on the basis of simple theoretical models of rotational 
reorientation, can identify and locate flexibility within the 
molecule. The overall molecular shape of peptides the size of 
melanostatin (and up to molecular weight ~ 1,000) has minor 
influence on the calculated rates of internal rotation about 
individual C-C bonds. Thus side chain-side chain interactions 
and their influence on the mobility of adjacent residues in 
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peptideS and peptide hormones cans be profitably studied 
using °C NMR relaxation measurements in solution, without 
the need for precise information on the overall molecular shape. 
Such studies, coupled with experiments on the influence of 
solvents on 7, (which probe changes in mobilities or structure 
due “to the changing environment), with rotamer population 
data derived from spin-spin coupling measurements, with 
proton-proton relaxation results, and with predictions from 
conformational calculations, can provide consistent dynamical 
information about peptides in solution and may enhance 
our understanding of structure-function or conformation- 
function relationships in peptide hormones. 

We thank Dr P. L. Johnson for providing X-ray coordinates 
of melanostatin, and Drs W. M. Murphy, C. P. Huber and 
G. I. Birnbaum for computer programs. ə» 
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Errata 


¢ 

In the article ‘Mantle helium in the Red Sea brines’ by 
J. E. Lupton, R. F. Weiss and H. Craig, Nature 266, 244- 
246, the labels 714-G8 and Discovery in column | of Table 1 
should be transposed. 

In the article ‘Direct demonstration of B-globin mRNA in 
homozygous Ferrara #)-thalassaemia patients, the author 
sequence should have read S. Ottolenghi, P. Comi, B. 
Giglioni, R. Williamson, C. Vullo, L. del Senno and F. 
Conconi. Figure 3 description line 2 should read Nuclear 
(a) and cytoplasmic (b)... 


Corrigendum 


In the article ‘Punishment learning and self-mutilatton in 
Lesch~Nyhan disease, Nature 265, 461-463, sentence 1 of 
paragraph 2 should read ‘Lesch-Nyhan disease is an 
X-linked recessive disease...’ 
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The 17-d periodicity 
of Cygnus X-3 
ARIEL V observations have indicated’ 
a possible 16.75-d, periodicity in the 
flux of Cygnus X-3. I report here that 
the primary data (from ref. 1) have 
been digitised and power-spectrum 
analysed; the results are shown in Fig. 
1. (Analysis detail8 available from the 
author.) The power specfrum shows a 
broad continuum of fluctuations, with 
an r.m.s. variation ~ 40% of the 
average flux for periods > 3d and a 
power law spectrum, PO) f. This 
is not the spectrum expected from a 
shot-noise source’. 
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Fig. 1 Relative power spectrum of the 
flux of Cygnus X-3. Circular points are 
spectrum using FFT method (typical 
50% and 90° confidence intervals are 
shown). The histogram gives spectrum 
using nested variance technique (90° 
confidence intervals shown). Dashed 
horizontal line represents noise level. 


The arrow in Fig. 1 indicates a small 
peak in the power spectrum at the 
16.75-d periodicity discussed in ref. 1. 
The significance of the peak is 
estimated from the excess power above 
the background fluctuation level 
(rather than above the Poisson noise 
level) There is about 50% likelihood 
that there exists a 16.75-d periodicity. 
This periodicity, if real, accounts for 


~10% of the fluctuations and has an 

r.m.s. amplitude ~4% of the total flux. 
A. J. OWENS 

Kenyon College, 

Gambier, Ohio 43022 


t HoR, S. S. ef al. Nature 260, 992-594 (1976). 
2 Terrell, N, J. Astrophys. J, 174, L.35-L41 (1972). 


HOLT REPLIES--Owens implies that the 
~17-d periodicity reported in ref, 1 
may be artefactual, in view of the broad 
continuum of fluctuations evidgnt jn 
the raw data. We thave no quarrel with 
such a qualification; indeed, ref. 1 
explicitly pointed out that the high 
degree of source variability, variable 
gaps *in coverage, and no explicit 
correction for the known 4.8-h source 
modulation could be expected to result 
in artefactual frequency components in 
the data analysis. 

The ~17-d effect was not, therefore, 
reported solely on the basis of it 
being the most significant (statistically) 
period in the search we performed on 
the Ariel V All-Sky Monitor data. We 
felt that the apparent presence of the 
same effect in the Ariel V Sky Survey 
Experimental data, which were cor- 
rected for 4.8-h variations and which 
were obtained during extended gaps in 
the All-Sky Monitor exposure (so fhat 
the two sets of data were completely 
independent), was sufficient justifica- 
tion for alerting the scientific com- 
munity to the possibility of its reality. 
We regret that the quality of our data 
cannot support a stronger statistical 
argument for the presence (or absence) 
of a persistent ~17-d modulation of 
the variable Cyg X-3 intensity. 

S. S. Hot 
Laboratory for High Energy 
* Astrophysics, 
Goddard Space Flight Center, 
Greenbelt, Maryland 20771 
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No new limit on size 
distribution of y-ray bursts 


Carter et al.! derived arr upper limit to the 
(balloon) intensity of small y-ray barsts 
at œ 100 below the extrapolated known 
size spectrum, and concluded that y-ray 
bursts are of galactic origin. But we claim, 
for the following reasons, that their 
results are entirely consistent with the 


-—1.5 index power-law extrapolation. 
There is, therefore, no conclusion re- 
garding the nature or the origin of y-ray 
bursts to be drawn from ther 
measurements. 

(1) Their selection criterion for candidate 
events was that of three successive 
0.6-s increases in the y-ray count rate. A 
study of all known bursts (data kindly 
supplied by R. W. Klebesadel) shows 
that this requirement ignores 75% of 
events due to their widely varying 
temporal nature. 

(2) Theetotal energy sought in 1.8-s does 
not represent the entire energy that would 
be found, for the same reason. The 
missing energy due to fluctuations is 
incorporated by reassigning the event 
size by a factor of ~ 2. 

(3) Observed y-ray burst size spectra 
have been published?-? with the measured 
flux of each known event multiplied by 
1.4 to 2, to include the emission below 
the satellite energy threshold, knowing 
the typical spectrat~*. Comparison data 
must normalise equivalently. 

(4) The authors knowingly employed a 
I-s.d. upper limit!, Small-number statis- 
tics demand the usual confidence limit of 
95%, raising their upper limit by three. 

(5) The observed fraction of the sky was 
apparently taken to be 0.5, ignoring 
atmospheric absorption at large zenith 
angles which would give an unobscured 
Sky fraction of 0.25-0.3. This point is 
incorporated within the following 
considerations. 

(6) The response of a horizontal, flat 
detector must distort the measurement of 
the burst size spectrum, even from an 
otropic source® distribution. For a 
‘otally absorbing detector it can be 
shown’ that the average burst size Ñ that 
contributes to the smallest events of 
apparent size Z = § cos @, given an 
intrinsic spectrum N (S) dS = kS~’, is 


© 
S = Z i-o- ° 
xX [Q cos -28,)/(1 — cos" 0,)], (2) 


with 0, the maximum equivalent un- 
obscured zenith angle, ©. Using their 
published detector characteristics', we 
find a required vertical shift of 2.2 and a 
horizontal shift of 1.3 on the size spec- 
trum, including point 5. 

The total combined effect is that the 
upper limit rederived from the data of 
Carter et al! is raised up by two orders 
of magnitude, entirely consistent with 
the --1.5 index power-law extrapolation 








of the known size spectrunt (Fig. 1). In 
“fact, it is exactly an analogous threshold 
effect of lack of observation ewhich 
depresses the Vela size spectrum low end 


as | by up to three orders of magnitude. 


Even if (on the basis of go single-event 
observation) an upper limit below the 
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Fig. 1. The y-ray burst results of Carter 
et alo, adjusted by six factors, numbered 
accordingly. Compare with Fig. 1 of ref. 1. 


—-1.5 index extrapolation were found, 
this alone would not prove either the 
size spectrum model or the origin hypo- 
thesis suggested’. Such a result would 
imply only that the source distribution is 
not infinite in extent, assuming that the 
average absolute magnitude of emitters is 
independent of distance. 

T. L. CLINE 

W. K. H. SCHMIDT 
NASA, Goddard Space Flight Center, 
Greenbelt, Maryland 20071 
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CARTER ET AL. REPLY—Cline and Schmidt! 


~ have presented a series of subjective argu- 


-ments in an effort to show that our ear lier 
-` reported upper lifit to the rate of y-ray 


` bursts? can be made to conférm with a 


hypothetical number-size spectrum with 


an index*of —-3/2. We believe that they 
have become too attached to this hypo- 


< thesis. In fact, the data from the Vela 


satellite is equally consistent with an index 

of —2, although this does not have the 

same cosmological attraction. If the 

power-law index were — 3/2 then a detector 

e with an enesgy of 107 erg should 

record a burst approximately every 2h or 
| so. No such evidence exists. 





Our criterion for the recogaition of y- 
ray’bursts was that the counting rate in 
each of three consecutive, and indepen- 
dent, measurements should exceed the 
background by 30. Unless one has a 
coincidence in a second, remote, sensor it 
would seem imprudent to claim excesses 
in a single measurement interval to be a 
genuine y-ray burst. There is evidence of 
some poorly understood events in which 
anomalous increases arise in a single reso- 
lution element as well as effects which lead 
to the occasional saturation of a complete 
telemetry frame®*. Since the basic resolu- 
tion time in our particular experiment was 
0.6s, an intrinsic limit of 1.8 is set in 
our burst search. Although our main data 
analysis was confined to the above selec- 
tion criterion, we did in fact search for 
possible shorter events. In this case, how- 
ever, we required a coincidence in the 
counting rate from at least two of the 
dtffertntial energy channels. No evidence 
for y-ray bursts was detected using this 
criterion either. 

We had not discussed the rationale of 
our selection criterion nor the details of 
our analysis methods, in our original brief 
contribution since they are fairly standard 
procedures. 

In the following sections we comment 
on the numbered points raised by Cline 
et al. s 
(1) From the existing published data®'® it 
may be seen that the typical size for a 
y-ray burst is 3-5 s and the first peak lasts 
~ 25s. The temporal variations seem to be 
of the same magnitude as the basic time 
resolution of the particular experiment. 
Our selection criterion, therefore, will be 
met by a substantial majority of these 
events. We will, admittedly, lose those 
events having a duration <1s but we 
estimate this loss to be about 20% of the 
total. 

(2) The limit shown in our figure corre- 
sponds to the selection criterion outlined 
above. We could have set a lower energy 
limit had we considered only longer bursts. 
But, since the typical length of y-ray bursts 
is longer than our measurement interval 
and since the average intensity represents 
the first moment of the generating func- 
tion, the upper limit deduced on this simple 
average basis is an adequate representa 
tion of the burst energy. 

(3) The correction factor suggested here 
seems rather naive. First, there is no 
experimental evidence that the spectra of 
all bursts extend below 100 keV. From a 
comparison of the OGO and Vela results 
we estimate that only 60% of the events 
would meet this criterion’. Second, if the 
burst spectrum did, in each case, extend 
below 100 keV, whe correction factor for 
the missing energy would be a function of 
the particular experiment. The use of a 
constant factor as suggested by Cline and 
Schmidt is absurd. The correction factor in 
our case was estimated to be 1.3. 

(4) This point was adequately discussed in 
our text which we had expected to have 
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been regarded as,an integral part of our 
presentation. 

(5) When atmospheric effects, including 
multiple-Compton scattering had been 
taken into account we estimated that the 
effective field of view of our detector was 
~ l Sn sr. 

(6) The comments raised in this section 
have been discussed in the past in.the 
context of cosmic-ray physics. Deductions 
from the mathematical treatment sug- 
gested by them is unwarranted in the 
absence of any established power-law 
index. The expression suggested by Cline 
and Schmidt ts clearly erroneous since the 
value 5/Z can be seen to be independent of 
the zenith angle for, y = 3/2. The expected 
number of bursts with a detector floating 
in the atmosphere can be written as 


® 
N= È wi N(E) 


where w; is the solid angle and E, the 
average threshold energy in the ith 
elemené. The expression can be solved to 
the required degree of accuracy with a 
knowledge of N(E), the integral size spec- 
trum of y-ray bursts which is as yet 
unknown. Alternatively, the correction 
may beevaluated approximately, ina more 
practical way, independent of the size spec- 
trum. For a given detector the energy 
deposited by a y-ray burst must lie between 
Eand 3E for zenith angles ranging between 
0 = Wand 0 = 75°. This is due tog decrease 
in the effective area by a cosine factor. The 
detection efficiency at large zenith angles, 
however, increases due to increased path 
length in Na I by sec 8. Therefore’ the 
detector can be regarded as being less 
sensitive by a factor of about twe. Such a 
consideration will make our earlier results 
an absolute upper limit for bursts with 
energy greater than 5 x 107 erg. 

We conclude that the second-order 
refinements discussed above cdn, at most, 
contribyte a factor of about two, both in 
burst energy and in burst rate. Cline and 
Schmidt are entitled to make their own 
assessment of our results but we maintain 
that these corrections do not materially 
change our conclusions and that, at this 
stage, we see no compelling reason to 
reconcile our results with their hypothesis. 


J. C. CARTER 

A. J. DEAN 

R. K. MANCHANDA 
D. RAMSDEN 


Department of Physics, 
University of Southampton, 
Southampton, UK 
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Model theory is an important area of mathematical logic, * 


and Gédel’s Completeness Theorem and its corollary, 
the Compactness Theorem, form its core. These results 
are fundamental to understanding the relationship 
between mathematical theories and the mathematical 
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This volume is intended to serve as a means of teaching 
kinetics to advanced undergraduate and graduate 





students. If presupposes a background in organic 
chemistry and some knowledge of calculus, while a 


familiarity with biochemistry and chemistry would be 
useful, though not essential. Paper covers £5.75 
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` Malnutrition and Intellectual Develop- 


ment. Edited by J. D? Lioyd-Still. 
Pp. 194. (MTP: Lancaster, 1976.) 
£8.95. . 
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A SMALL epidemic of recent books on 
or around this topic imposes a special 
need to justify the addition of any new 
one to the bookshelves. Dr Lloyd-Still’s 


is an editeti volume of six reviews or 


essays, dealing in turn with: effects of 
undernutrition on the growth of the 
physical brain and on “mental com- 
petence’; techniques of psychological 
testing in this context; some studies of 
the subsequent physical and intellectual 
development of children... inevitably 
malnourished in the course of certain 
clinical conditions in affluent society 
compared with eleven major studies 
from the underprivileged world; and 
finally the “social ecology” of mal- 
nutrition in childhood. It is nicely pro- 
duced, and there js certainly enough 
excellence to justify its place alongside 
other recent books (for review, see 
Nature, 262, 521, 1976). 

After a very thoughtful introductory 
chapter by the editor in which he gives 
a very balanced description of the 
whole subject, there is a disappointing 
second chapter by Peter Chase on the 
ephysical effects of undernutrition on 
the growing brain. I think my dis- 
satisfaction with it largely derives 
from Chase’s total lack of humility 
before the amazing complexity of the 
developing brain. Where the rest of us 
use curves of brain weight, cell num- 
ber, myelin lipid and so forth as crude 
indicators of the timing of develop- 


mental events so as to identify hypothe- | 


sised periods of enhanced vulnerability. 
Chase seems to think of such para- 
meters as of specific significance in 
themselves. They are, of course, merely 
the things we can conveniently 
measure. Some of his graphs of their 
accumulation in whole brain are mis- 
leadingly wrong in places. And who is 
interested in whole brain quantities 
anyway, except in the limited sense 
mentioned above? — 

The third chapter by epidemi- 
ologists Zena Stetn and Mervyn Susser 
draws heavily on their fascinating study 
of the effects on fetal growth and 
19-yr-old achievement following the 
Dutch wartime famine during the 
winter of 1944-45, This is a beautifully 


* 








written, distilled account of their find- 


ings, cleverly described in the setting 


of many other epidemiological studies, 
including some in which there is ex- 
perimental nutritional intervention. 
The book deserves to be bought for 
this chapter alone. 

The Hurwitz chapter on psycho- 
logical testing in, studies of malnutri- 
tion is very useful in a different way. 
Assuming his descriptions of the test 
methodology are reliable (and can- 
not judge that), I was most impressed 
with his account of the limitations of 
such tests in the present context. The 
problems of cross-cultural validity 
together with the difficulties of drawing 
“‘growth-curves” against age in longi- 
tudinal studies, seem even more for- 
midable than one had imagined, to say 
nothing of the hazards in using infant 
tests as predictors of long term per- 
formance. 

Lloyd-Still returns in Chapter 6 to 
discuss “Clinical Studies”, by which he 
means direct studies on children. His 
tabulated condensation of 13 major 
studies includes 11 of socioeconomic or 
cultural malnutrition and two in which 
malnutrition was secondary to clinical 
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conditions in our own privileged co 


munities. The breadth. of his discussio 
is impressive. and partly derives from __ 
his conspicuously profound experience aa 
as a children’s doctor: One-day, how- 
ever, we shall have to abandon dis- = 
cussion of some of the earliest. fed 


studies since it is now too. easy and — 
somewhat redundant to criticise them.. 


Their place is in historica? introduc- ‘ 


tions to theses. 


The *last chapter on the “social 


ecology of childhood malnutrition: un- i 
fortunately returns to the rather. lower Pins 


standard of the second. It may. well. 
be true that the “Soviet Union, 
which was able to purchase ... grain 
with devalued dollars at prices sub- 
sidised by the United States. Govern- 
ment, realised further profit, both 
economic and political, by selling, lend- 


ing and granting of American grain to a 


other countries”; but such statements 


are below the ' generally very high — : 
standards of objectivity in the remain-  __ 
der of this book. Ts : 


John Dobbing is Professor of Child Growth : : 
and Development in the Department of 


Child Health at the University of Mare | 
chester, UK. 
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Electrons in Liquid Ammonia. By J. C. 
Thompson. Pp. xii+297. (Clarendon: 
Oxford; Oxford University: London, 
1976.) £14.50. 
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Tras book is a gold mine of information 
for anyone working in any area of 
electrons in fluids. It is written by a 
person who has contributed to all of the 
many areas represented in this mono- 





graph. Professor Thompson has not only 


collected all of the major experimental 
and theoretical work on the subject but 
has presented it in a very critical but very 
fai manner. After reading this book 
everyone should have a better feeling for 
ow present state of understanding as 
well as the remaining problems. 

The major topics einclude ‘‘metal- 
ammonia solutions as liquid metals”, 
“metal-ammonia solutions as electro- 
lytes”, “the metal-nonmetal transition”, 
“liquid-liquid phase separations”, “solu- 
tions of alkaline earth and rare Earth 
metals”, “solid metal~ammonia com- 
pounds”, and “solutions in other 


solvents”. Each chapter contains material 
which will prove useful to even the most: 


well informed reader on the present status ` : 


of each topic. The presentations are — 
remarkably up to date and inclusive. = 
The strongest single point of this book. 


is its emphasis on those areas in which ae 
our understanding of experimental data. 


is very incomplete. In this Tej a 
might. mention spin pairing < 
“metal -nonmetal”’ or conductivityetre 
tion. In these cases the author has made 
a special effort to quote all of the essential i 


experimental facts as well as to make the 


stongest possible case for all of the 
alternative theoretical models (pointing: 
out in addition that all fail on some other 
points). 

This book is so vital that any researcher 
in any related field would be negligent if 
this book were not actively used as part 
of his routine research. Neil R. Kestner 


a 





Neil R. Kestner is Professor’ of Chemistry at 
Louisiana State University, Baton Rouge, 
Louisiana, 
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Human immunology 
Immunology of Human Reprodugfion. 
Edited by J. S. Scott and W. R. Jones. 
Pp. xviiit+476. (Academic: London; 
Grune and Stratton: New York, 1976.) 





£15. ; °. 

Tyus is a fascinating book for all 
those who have an interest in 
immunology and development. The 


book begins with a glossary and a 
primer of immunology that has freed 
later chapters from the need to define 
and explain. This introductory section 
is oversimplified in places and occasion- 
ally patronising, but these faults are 
' outweighed by the good it does in 
summarising and ordering a field over- 
grown with observations and special 
terminology, 

Although no formal break is made, 
I would divide the remaining chapters 
into two sections: chapters 2-6 dealing 
with basic aspects of immunology in 
development, and drawing on both 
clinical material and animal, model, 
experiments; and chapters 7-13, dealing 
largely with clinical aspects of human 
immunology and development. The 
chapters are of varied length, quality 
and distance from the stated topic of 
the book, but they all elaborate their 
topics in considerable detail, and it is 
this detail that is the book’s strength. 

The authors themselves are often 
moved by the complexities and un- 
certainties of the topics, to use phrases 
like “the tip of the iceberg of con- 
fusion” or to make statements such 
as “existing knowledge concerning the 
role of immunological factors in 
gestosis is fragmentary...” or “the 
picture .. . as in so many areas of 
reproductive immunology is con- 
fused...” This confusion is, how- 
ever, the result of contradictory or 
insufficient clinical and experimental 
observations, and by detailing these the 
authors have done ą great service, 
allowing others to speculate on, and 
experiment over, the data presented 
here. 

The fields of immunology and repro- 
duction are connected at many points. 
Chapter 2, by M. H. Johnson, makes 
a conneftion between the two by dis- 
cussing the stages of early mammalian 
development (exemplified by the mouse 
embryo) and somee ways in which im- 
munological techniques may ebe used 
to characterise these stages. In this 
chapter the problem is raised of the 
maternal immune response to antigens 
of the embryo, either to alloantigens, 
or to stage-specific antigens. This 
problem, still unsolved, is reiterated in 
later chapters, notably that by Billing- 
ton on the immunology of trophoblast, 
„and in a chapter by Medenhall, which 
considers all aspects of maternal—foetal 
immunology, transfers of maternal im- 
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e 
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+ 
munoglobulins and cells, „and the 
problem of the foetal allograft. A 
further comment on the problem is 
made by Gusdon, in a chapter 
the effects of pregnancy on 
all maternal immune responses. The 
first section closes with a chapter by 
W. Jones on the phylogeny and onto- 
geny of the immune response. This 
chapter consideys development of 
foetal immune responses in its own 
right. It is perhaps too broad and con- 
tains a few notable factual errors (the 
mouse is assigned a 30-d, not a 20-d 
gestation period), but the section on 
the maturation of the immune res- 
ponses of the human foetus is 
thorough, including the immunological 
aspects of breast feeding, and quite 


interesting. 
In the second section we are given 
extended treatments of particular 


topics.eSome, such as that of chapter 
7 on the consequences of maternal in- 
fection for the foetus, cut across the 
divisions set up in the earlier chapters. 
Others, such as a chapter on the effect 
of pregnancy on immunological disĉases 
of the mother, analyse a limited topic 
within the larger one already set. 
Maternal-foetal immunological inter- 
actions are prominent in Rh disease, 
and this topic receive$ full treatment 
in a chapter which emphasises clinical 
aspects of the disease, although failing 
to discuss the molecular aspects of Rh 
antigens and of the transfer of Rh 
antibodies across the placenta. Gestosis 
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(eclampsia /preclampsia), a condition 
involving the immune response in some 
obscure manner is alto given a chapter 
of its own. If we are not convinced at 
the end of this chapter that the condi- 
tion is due to immune responses, 
neither are we put off further explora- 
tion of the problem. Similarly, the role 
of the immune system and of cell syr* 
face antigens is unclear in cases” of 
trophoblastic neoplasms. Again, the 
question cannot be answered but it is 
well set out,and elaborated. Other 
chapters cover non-gestational repro- 
ductive tract neoplasms, and immuno- 
logical aspects of infertility as well as 
the prospects for immunology ift the 
control of fertility. All of the chapters 
carry lng lists of references: the 
average is about 130, and one chapter, 
that by Edwards on immunology and 
fertility control contains 390° 

The immunology of reproduction is 
a vast subject and, as will be seen from 
the indiyidual subjects mentioned, may 
be taken in many senses. It would be 
too much to expect a consistent ex- 
position of the subject; indeed, such an 
exposition would certainly be highly 
biased, if not false. The opposite 
approach taken here, if it occasionally 
daunts the authors, stimulates their 


readers. 
Michael Edidin 
ee ney enn 
+ 
Michael Edidin is Professor of Biology at 
Johns Hopkins University, Baltimore, 
Maryland. 
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Volcanic picture 
book 


Volcanoes and Impact Craters on the 
Moon and Mars. Pp. 463. By P. Leo- 
nardi. (Elsevier Scientific: Amsterdam 
and NewYork, 1976.) Dfi.166; $59.75. 





Ar a first glance this book is very im- 
pressive; it is beautifully presented and 
contains large numbers of high quality 
pictures, both in colour and in black- 
and-white. For a subject which relies 
much on interpretation of photographs 
taken of other planets, this is highly 
commendable. The author has not only 
reproduced the standard NASA and 
Soviet pictures taken from spacecraft 
but has also included many extremely 
interesting pictures of geological phe- 
nomena on Earth. 

Although the book was originally 
written in Italidn it has generally 
speaking been well translated into Eng- 
lish and reads easily. The author has 
obviously read widely around this sub- 
ject and there can be few planetary 
scientists who will be disappointed at 
not finding their name in the index. 


In view of these comments the re- 
viewer would have liked to have recom- 
mended this book. But although 
pictorially the book is very much up- 
to-date (even containing Viking pic- 
tures), many of the ideas expressed 
in the fext are reiterations of ideas 
current among some scientists in this 
field more than ten years ago, before 
spacecraft exploration of the Moon 
and planets. Much of the book is de- 
voted to the old argument of impact 
as against volcanic craters on the 
Moon, and although the author pre- 
sents the ‘impactists’ case fairly, his 
conclusions lie well within the ‘volca- 
nic’ camp and would not be accepted 
by most planetary workers who have 
studied the evidence obtained during 
the past ten years. 

Sadly, although recommended for its 
presentation and picture quality, this 
book will be of little interest to scien- 
tists in the field and can only be re- 
commended to students for the 
historical interest of the text. 

J. E. Guest 





J. E. Guest is Lecturer in the Depart- 
ment of Physics and Astronomy at 
University College, London, UK. 
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M lembrane énzymes 


T, he Enzymes of Biological Membranes. 
Physical and Chemical Techni- 


Biosynthesis of Cell Components. Pp. 
xvii +-654. £28; $55. Vol. 3: Membrane 
Transport. Pp. xv+459. £21; $39. Vol, 4: 
Electron Transport Systems and Recep- 
tors. Pp. xv+431. £20; $37. Edited by 
A. Martonosi. (Wiley: London, 1976.) 
(US edition published by Plenum: New 
York, at slightly different prices.) 





‘THESE volumes form the first four of a 
series which sets dlit to collect together 
and evaluate information on membrane 
enzymes. Most of the information is con- 
cerned with the relationship of °enzymes 
to their membrane, and with their in- 
volvement. in membrane phenomena. 
Very detailed information on the struc- 
ture of each enzyme is usually lacking, 
since the purification and structural ana- 
lyses of most membrane enzyraes have 
not advanced as far as for their soluble 
counterparts. 

Some membrane enzymes are dealt 
with singly, others appear as part of 
enzyme systems. It is clear from the 
volume titles that the word ‘enzyme’ has 
been interpreted very loosely. Thus, in 
addition to proteins with clear enzymic 
activity, the coverage includes binding 
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Disease resistance 
in plants 


Defence Mechanisms of Plants. By 
B. J. Deverall. Pp. 110. (Cambridge 
University: Cambridge, London and 
New York, 1977.) £5.50. 





THROUGHOUT their lives plants are 
exposed fo infection by many parasitic 
microorganisms. Yet infectian often 
fatls and the plants remain healthy. 
Professor Deverall’s excellent book is 
concerned with the processes by which 
plants perceive the parasite, and 
occasionally permit but usually dis- 
courage its further progress. 

Professor Deverall does not attempt 
an extensive account of the subject but 
rather chooses to present a selective 
personal view of recent research per- 
taining to the processes of resistance 
to disease. Emphasis is placed on 
events which occur after a plant has 
been infected and covers cytological 
changes, the production of anti- 
microbial compounds (phytoalexins), 
induced resistance and the mediation 
of host-parasite specificity. Each chap- 
ter contains a summary of the facts, 
which is well supported by reference 
to original and review papers, an assess- 
ment ‘of their significance or otherwise, 
an indication of the problems remain- 
ing, and in some cases how they may 


proteins pf various persuasions, trans- 
port components without enzymic *acti- 
vity, and light-trapping systems; in short, 
membrane proteins with clearly docu- 
mented biological function. This is a 
reasonable extension in the context of an 
attempt to provide an insight as to how 
membranes function. Very few important 
‘enzymes’ have been omitted. 

Each volume is a ngulti-author effort: 
the cast-list is impressive and most 
authors do their subject (and themselves) 
justice. The coverage given to different 
‘enzymes’ varies; in some cases this is an 
overall view of the ‘enzyme’ and its 
relationship to the membrane, whereas in 
other chapters the emphasis is more firmly 
on recent developments. On the whole, 
most contributors refiect the state of 
knowledge in each field but occasionally 
reveal a personal bias which may limit the 
usefulness of their chapter. 

In the first volume the uses of tarieus 
techniques are discussed in establishing 
the general fluidity of the membrane lipid 
layer, in demonstrating a collar of lipid 
around the inserted portions of some pro- 
teins, and in interpreting the response of 
some enzymatic activities to temperature 
change; all of these discussions use suit- 
able examples. Much of the same work is, 
however, discussed again in other vol- 
umes in relation to the properties of the 
individual enzymes used as the examples 


be solved. Few significant errors or 
omissions have been noticed although 
the promise to expand the concept of 
infection type to all host—parasite inter- 
actions is rarely fulfilled. 

This book is extremely timely in that 
it appears alongside several other 
publications, which although contain- 
ing more detailed information often 
fail to analyse it critically. In this 
respect, Deverall, rather than merely 
providing a list of phytoalexins, 
presents a welcome evaluation of the 
evidence for their rôle in resistance and 
the mechanisms of their induction. The 
close association between cell death 
and phytoalexin synthesis rightly 
receives much emphasis, but his con- 
eclusion that phytoalexins are synthe- 
sised in living cells may be somewhat 
premature, 

Professor Deverall states that he gn- 
visages his readers to be* research 
workers and university lecturers, and 
their advanced students. The book can 
be recommended as essential reading 
for such people. It will convey the 
progress achieved by and the 
challenges remaining efor physiological 
plant pathologists. 

J. A. Bailey 





* 


J. A. Bailey is Senior Scientific Officer at 
the ARC Unit of Plant Growth Substances 
and Systemic Fungicides, Wye College, 
University of London, UK. 
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in volume b, This excessive overlap could > 
have been avoided, as could the length of 
those contributions taking over. 30 pages 
to discuss a single * enzyme’. 

Volume 4 is a very artificial asšéñibt 
the few chapters on receptors; W 
exception of that on rhodopsi 
little in common with those one 
transport systems. The receptor. c 
would have been better separated of 
a further small volume or woul 
associated better with the transport. 
ponents. Such considerations are clear] 
of importance to purchasers of individual 


volumes but of less importance when | con- 


sidering purchase of the series. for a a 
library. eee 


To have such a convenient tand < com- 
prehensive source of material on mem- 


brane enzymes will be a considerable 
asset in both teaching and rgsearch. The _ 


series is clearly one for library purchase 
since it is too comprehensive and expen- — 
sive for individual subscription, Each 
volume deals with a coherent group of è 


topics (with the artificial addition of the 
receptor section to volume 4); although — 
expensive, they are therefore more attrac- - 
tive for single volume purchase than many 
serial publications. 


Roger Coleman cue 
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Roger Coleman is Senior Lecturer in the mip 
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Atmospheric 
chemistry . 


Atmospheric Chemistry. By J. Heick- 
len. Pp. xiv+406. (Academic: New 
York and London, 1976.)*$38; £27. 





In view of the rapid expansion in know- 
ledge of the chemistry of the Earth’s 
atmosphere in recent years, publication 
of a new volume on this topic is timely. 
Atmospheric Chemistry by Julian 
Heicklen, however, does not in any 
way achieve the standard of informa- 
tion collection, dissemination and pre- 
sentation in the two notable publica- 
tions on this topic in the early 1960s: 
Leighton’s Photochemistry of Air Pol- 
lution and Junge’s Air Chemistry and 
Radioactivify. 

The reason for this failure mainly 
arises from the authors attempt to 
cover too much ground; indeed some 
of the topics discussed—such as the 
kinetics and mechanism of hydrocarbon 
combustion, the detailed effects of 
urban pollutants on plants and animals, 
and pollution control methods—are in- 
appropriate to the field encompassed 
by the title. On the other hand there 
is inadequate coverage of the basic 
large-scale and local meteorological 
factors determining the transport 
mechanisms that are so important in 
defining the reactor in which the 
chemical reactions take place. 

In addition, the overall emphasis is 
very much towards photochemistry. 
Although it is true that the absorption 
of solar radiation is the primary driving 
force for chemical reaction in the 
atmosphere, the chemical interactions 
of trace gases with precipitation ele- 
ments and the wash-out and rain out 
processes have an important part to 
play in the overall atmospheric cycles, 
and these are hardly discussed at all. 
This lack of balance detracts from the 
overall usefulness of the work in pre- 
senting an overview of the science of 
atmospheric chemistry. 

The author must be credited, how- 
ever, with the collection of a large 
amount of photochemical and kinetic 
information on the chemical reactions 
which enay occur in the atmosphere. 
In the chapters on chemistry of the 
upper atmosphere and on photo- 
chemical smog, simple model calcula- 
tions are developed to demonstrate 
how the trace gas composition in each 
particular® atmospheric region can be 
simulated using the chemical kinetic 
information. This is basically a useful 
presentation, but unfortunately the 
arguments tend to become too complex 
and difficult to follow. Also, the un- 
certainties in applying the results to 
real atmospheric situations are not em- 
phasised. For example, in the discus- 
sion of a model photochemical smog 


* 


2 
system, the reader is left with the im- 
pression that ozone concentration in 
sunlit exhaust-polluted atmospheres are 
governed solely by the photochemical 


+ * « 
reactions. The important and often 


dominant role of meteorglogy, in de- 
termining ozone concentrations is not 
mentioned. À 

The lack of emphasis on precipita- 
tion chemistry is, very apparent in the 
chapter dealing with SO, chemistry. A 
comprehensive 10-page summary is 
given of laboratory data on SO, photo- 
chemistry, a process which is widely 
accepted as being of negligible im- 
portance in the atmospheric chemistry 
of SO:. The droplet-phase oxidation 
of SO: is, on the other hand, dealt with 
in a cursory fashion with no reference 
to some of the early classic work 
carried out on this important system. 

In addition to the above méntioned 
chapters, there is a concise descrip- 
tion of the chemistry of the ionosphere, 
a long chapter on atmospheric pollut- 
ants, which contains very little atmos- 
pheric chemistry and a lot of useless 
information on concentrations if US 
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cities and deletérious effects, together 
with a short but*not very illuminating 
chapter on aerosol chemistry. A 
chapter entitled reactions of O; and 
singlet O; also contains a detailed dis- 
cussion of NO» photolysis. 

There are some misconceptions and 
inaccuracies which are unsatisfactory 
for a book of this kind. For example; it 
is stated that “The troposphere $ a 


relatively quiescent region (of the 
atmosphere) where relatively little 
chemistry ogcurs... The global 
atmosphere chemical cycles can be 


summarised as mainly oxidation occur- 
ring in the stratosphere... .”. This 
statement is manifestly untrue. Irt fact, 
nearly all of the gaseous material 
emitted into*the atmosphere from the 
Earth’s surface fails to penetrate the 
tropopause. It, is oxidised or otherwise 
scavenged in the troposph€re where 
80% of the atmospheric mass resides. 

R. A. Cox 
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R. A. Cox is a Principal Scientific Officer 
in the Environmental and Medical Sciences 
Division at the AERE, Harwell, UK. 
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Ion cyclotron 
resonance . 
spectrometry 


Ion Cyclotron Resonance Spectrometry. By 
T. A. Lehman and M. M. Bursey. Pp. 
xi +230. (Wiley-Interscience: New York 
and London, 1976.) £15.95; $27.30. 











ION CYCLOTRON RESONANCE (TCR) spec- 
trorgetry has been widely used during the 
past 10 years for the study of the chem- 
istry of ions in the gas phase. Although it 
has found many applications in the field 
of chemical physics, it has been used 
increasingly in studies of the structure and 
reactivity of organic ions ‘and in the 
elucidation of reaction mechanisms which 
parallel those observed in solution. It is 
on the latter group of applications that 
this volume concentrates, and by far the 
longest chapter in the book is devoted to 
a discussion of such topics as gas-phasee 
acids and bases, nucleophilic and electro- 
philic substitution reactions, and struc- 
tuges of ions. It is written from the view- 
point of æ physical/organic chemist and a 
number of interesting comparisons are 
drawn with results obtained from studies 
of solution kinetics. 

This illustrates one of the major prob- 
lems in writing a book on a particular 
experimental technique: the subject of 
gas-phase ion chemistry is much bigger 
than*ICR spectrometry and by confining 
themselves largely to examples based on 
ICR studies, it can be argued that the 
authors present anincompleteand selective 
view of the field. For example, results ob- 
tained from high pressure mass spectro- 


metry or by flowing afterglow and flowing 
after-drift methods have proved of con- 
siderable interest; and although compar- 
isons are drawn between these results and 
those obtained by ICR spectrometry, 
discustionof them is gecessarily brief. 

The first two chapters of the book pro- 
vide a very readable introduction to the 
technique in which the reader is encour- 
aged to explore the possibilities of the 
technique without worrying too much 
about the finer points of its theory of 
operation. The chapter on reaction mech- 
anisms is followed by a discussion of 
theoretical aspects of power absorption, 
linewidths and extraction of rate data 
together with a brief review Of current 
theories of ion molecule reactions at near 
thermal energies. The final chapter briefly 
describes various applications of ICR 
spectrometry in the field of chemical 
physics. The book concludes with an 
extensive bibliography and two appen- 
dices. 

The book provides a useful introduc- 
tion to ICR spectrometry and to physical/ 
organic aspects of gas-phase ion chem- 
istry but the chemical physicist will find 
little which is not adequately covered in 
review articles. The problem with any 
book ona particular technique is that it is 
necessarily limited in its scope; and 
although the reader will know quite a lot 
about ICR spectrometry, if he gets 
through this book, he will not be in a 
position to assess its advantages and dis- 
advantages relative to other techniques 
used in the study of gas-phase ions. 

K. R. Jennings 
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K. R. Jennings is Professor in the Department 
of Molecular Sciences at the University of 
Warwick, Coventry, UK. 
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Sit Gerard Thornton 


MICROBIOLOGISTS, especially those who 
had the good fortune to work with 
him, will have heard with sadness of 
the death of Sir Gerard Thornton on 
6 February at hisehome in St. Albans 
at the age of 85. He is survived by his 
widow, Gerda, whd is Danish, and 
by his son Peter who 8 Keeper of 
Woodwork and Furniture at the 
Victoria and Albért Museum. 

He willbe remembered for his many 
original and important studies on soil 
microbes, made in the course of a long 
career spent almost wholly at Roth- 
amsted Experimental Station, Harpen- 
den. He was educated at Radley and 
at New College Oxford and joined 
Rothamsted shortly after the end of 
the Great War where he had served as 
a pilot in the Royal Flying Corps. 

In 1919, soil microbiology was a 
very rudimentary science, and Thorn- 
ton’s early work was much concerned 
with the devising of techniques fpr iso- 
lating, itentifying ànd counting various 
kinds of soil bacteria and in promoting 
parallel studies by others on soil fungi, 
prptozoa and other groups. With his 
friend the late R, A. Fisher he 
pioneered the application of statistics 
to the* problems of enumerating bac- 
teria in soil. At this time he was also 
in contact with the great European soil 








i microbiologists—Beijerinck, Winograd- 


sky, Kluyver and later with Waksman, 
He had a special interest in the micro- 
bial breakdown of aromatic «disinfec- 
tahts in soil, and made a collection of 
bacteria able to utilise cresols, phenols 
and naphthalene as sole carbon sources 
and elucidated some aspects of their 
physiology. This work was later to be- 
come specially relevant to the dis- 
covery, which he shared with others, 
of the selective hormone herbicides 
(chlorinated phenoxyacids), first pub- 
lished in Nature (155, 498; 1945). 

His greatest influence, however, was 
through his distinguished research on 
biological nitrogen fixation, especially 
by root-nodulated leguminous plants. 
His detailed investigation of their 
microbiology, structure and physiology 
laid the foundation for nearly all later 
work and led to practical applications 
in UK agriculture. His work established 
the ‘bacteroid’ as the nitrogen fixing 
site in the nodule and he described in 
detai? the features of ineffective, non- 
fixing nodules. With his Rothamsted 
colleagues he was the first to use sero- 


logical methods for identifying rhizobia 
and was associated With early work 
on bacteriophage and with studies on 
ecology of rhizobia. Thornton was also 
the first to investigate effects of com- 
petition between strains in the soil, a 
matter later shown to be important in 
the development of efficient ‘inocu- 
lants’ for leguminous crops. Since his 
retirement in 1957 he continued to 
show the greatest interest in nitrogen 
fixation and in the striking advances 
made werld-wide in its study during the 
last decade, stimulated by the Inter- 
national Biological Programme and the 
energy crisis. 

Thornton had wide interests in 
science and in the arts. He was especi- 
ally ánterested in archaeology and in 
palaeontology and had the distinction 
of discovering a new species of 
plesiosaur (Rhomaleosaurus thorntonii) 
which can be seen at the British 
Museum, Natural History. 

Thornton became head of the De- 
partment of Soil Microbiology in 1940, 
He was elected to the Fellowship of 
the Royal Society in 1941, of which he 
was Foreign Secretary from 1955-60 
and a Vice-President in 1959-60. He 
was actively involved in the organisa- 
tion of the Society’s Tercentenary cele- 
brations and was knighted in 1960. He 
served on the Council of the Royal 
Society and on many bodies concefned 
with microbiology and with agriculture. 

Thornton was a quiet, modest man, 


invariably considerate and courteous 


with a charm of manner rarely seen 
today. His colleagues remember him 
with respect and affection. 

P. S. Nutman 


D. E. Wheeler 


"Dr D. E. WyHeerLeR who died on 


January 24, was a chemist who in 
twelve years as Managing Director of 
The Wellcome Foundation, Limifed 
and a further three as a Deputy Chair- 
man was concerned particularly with 
the profitable translation, through de- 
velopment and production, of the fruits 
of scientific research into important 
drugs and vaccines. As President of the 
Association of. the *British Pharma- 
cêutical Industry he was a leading 
figure during an era when regulations 
were being. established in the wake of 
the thalidomide tragedy. His integrity, 
relied upon alike by those in industry, 
medicine and government, was a major 


factor in the harmonious and successful 
negotiations. As first-ever Chairman of 
the Spastics Society he brought together 
two organisations concerned with the 
welfare of spastics and presided overt 
a massive expansion on the financial 
side, making possible the sponsorship 
of original research on a considerable 
scale. 

Denis Wheeler was born in Bristol on 
6 September, 1910, and graduated from 
Bristol University where he specialised 
in physical chemistry and @arried. out 
research work which led to a Ph.D. in 
1934. He was awarded a Salters’ Fellow- 
ship to study industrial organisation 
and practice in the United States. Part 
of the time was spent at Princeton 
University where he studied advanced 
physical chemistry. In later years he 
was to become Master of the Salters’ 
Company and concerned with the con- 
tinuation of this type of scientific 
exchange. 

On his return to Britain he joined the 
research department of Imperial 
Chemical Industries (Explosives) Ltd 
where he eventually became technically 
responsible for all acid production 
throughout the ICI organisation in 
Great Britain. In 1940 he was appointed 
research and development director of 
Hardman and Holden Ltd, chemical 
manufacturers, 

He joined the board of directors of 
The Wellcome Foundation Limited in 
January 1946, was appointed assistant 
managing director later that year, joint 
managing director in 1948, managing 
director in 1955 and a deputy chairman 
in 1967. He retired from the board for 
health reasons in°1970. He was awarded 
the CBE in 1965. 

In his early years with the Wellcome 
Foundation, Dr Wheeler was con- 


cerned with the organisation of de- =- 


velopment as a specific function, 
ensuring that the discoverieseof the 
research laboratories could be produced 
in the appropriate formulations and on 
a sufficient scale to be administered to 
large numbers of humans or animals 
e 

throughout the world. Whereas the re- 
search laboratories of, Wellgome had 
been largely independent of the com- 
mercial company, he was able to con- 
vince the scientists that their work 
could still retain its integrity and its 
impetus whilst being guided towards the 
discovery of essential medicines, the 
sale of which would provide the 
resources for further research. 

D. W. Adamson 
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Appointment 


Brian J. Brinkworth, to the newly 
created Chair of Energy Studies at 
University College, Cardiff, 


Meetings 


4-6 May, 3rd International Congress on 
Ozone Technology, Paris (International! 
Ozone Institute, 52 rue d'Anjou, 75384 
CEDEX 08, Paris). 


Ld 
8-12 May, 8th International Congress 
of the International Society of Psycho- 
neuroendocrinology, Atlanta, Georgia 
(R. P. Michael, Psychiatry, Emory 
University School of Medicine, Atlanta, 
Georgia 30322). 


9-11 May, Beltsville Symposium IT: 
Biosystematics in Agriculture, Beltsville 
(J. A. Duke, Plant Taxonomy, Room 
117, Bldg 001 BARC West, USDA, 
Beltsville, Maryland 20705). 


10 May, Protein Production: Problems 
for the Agricultural Engineer, London 
(E. Holden, The Institution of Agricul- 
tural Engineers, Silsoe, Bedford, UK). 


17-21 May, The Study of Macro- 
molecules by NMR, Grasmere (The 
Chemical Society, Burlington House, 
Piccadilly, London SW1). 


18 May, Optoe-Electronics for Measure- 
ment and Centrol, London (The 
Institute of Physics, 47 Belgrave Square, 
London SWI). 


18 May, Animal Health Products-— 
Design and Evaluation, Groton, Con- 
necticut (D. C. Mé&nkhouse, Pfizer 
Central Research, Groton, Connecticut 
06340). 


19-21 May, The Evolution of Galaxies 
and Stellar Populations, Yale (B. M. 
Tinsley, Yale University Observatory, 
Box 2983 Yale Station, New Haven, 
Connecticut 06520). 

23-27 May, 2nd European Conference 
on Marine Techrtology—-Safety at Sea, 
London (WEMT 77, 10 Uppe? Belgrave 
Street, London SW1). 

30 May~3 June, Ferritic Steels for Fast 
Reactor Steam Generators, London 
(British Nuclear Energy Society, The 
Institution of Civil Engineers, 1-7 
Great George Street, London SWI). 
1-3 June, Environmental Pollutants— 
Animal Models and Wildlife as Moni- 
tors, Connectitut (G. Migaki, Armed 
Forces Institute of Pathology, Washing- 
top, D.C, 20306). 


announcements . 
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1-3 June, 3ist Annual Frequency Con- 
trot Symposium, Atlantic City (J. R. 
Vig, Fort Monmouth, New Jersey 
07703). 


7-9 June, 1ith Annual Conference on 
Trace Substances in Environmental 
Health, Columbia (D. D. Hemphill, 411 
Clark Hall, University of Missouri, 
Columbia, Columbia Missouri 65201). 


* 


8 
Person to Person 


A new bivalve mollusc is spreading 
in the North Adriatic sea; it 1s 
similar to Anadara or Scapharca 
species except for its greater size 
(up to 8 cm). Each animal possesses 
several ml of haemoglobin rich 
blood. I would be grateful for any 
information on thig topic. Photo- 
graphs of the mollusc are available 
on request. Please write to Dr 
Silvio Buzzi, Felisatti 49, 48100, 
Ravenna, Italy. 


Exchange furnished family house 


near Littlehampton, West Sussex 
for similar in Canberra, August 


1977-July 1978. Pleasant neigh- 
bourhood, near shops, schools, and 
sea. Brighton 40 min, London 90 
min. Exchange of car (Renault 4) 
also considered. Contact John 
Thornley, 5 Harsfold Road, Rust- 
ington, Littlehampton, West Sus- 
sex, UK. 


There will be no charge for this service. 
Send items (not more than 60 words) to 
Marcus Dobbs at the London office. The 
section will include exchanges of accommo- 
dation, personal announcements and scientific 
queries. We reserve the right to decline 
material submitted. No commercial trans- 
actions. 





7-9 June, Deburring and Surface 
Finishing, Chicago (Society of Manu- 
facturing Engineers, 20501 Ford Road, 
Box 930, Dearborn, Michigan 48128). 


18-19 June, International Symposium 
on Gut Hormones, Lausanne (S. R. 
Bloom, Medicine, Hammersmith Hos- 
pital, Du Cane Rpad, London). 


olism in Man, Tel Aviv (O. Sperling, 
P.O. Box 16271, Tel Aviv, Jsrael). 
20-25 June, 6th International Congress 
of Lymphology, Prague (Secretariat: 
Sokolská 31, 120 26 Praha 2, Czecho- 
slovakia). 





* 
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20-22 June, 4th International Sym- 
posium on Mass Spectrometry in Bio- 
chemistry afid Medicine, Lake of 
Garda, Italy (A. Frigerio, Instituto di 
Ricerche Farmaçologiche « ‘Mario 
Negri’, Via Eritrea, 62-20157 Milan, 
Italy). . 


27-30 June, Annual Meeting of the 
Genetics Society of Canada, Manitoba 
(P. J. McAlpine, Genetics, Health 
Sciences Childrens’ Center, §85 Banna- 
tyne Avenue, Winnipeg, Manitoba, 
Canada). 


27 Juné-1 July, 7th International Con- 
ference on Amorphous and Liquid 


Semiconductors, Edinburgh  (Secre- 
tariat, Centre for Industrial Con- 
sultancy and Liaison, 14 George 


Square, Edinburgh). 


3-8 July, 3rd International Congress of 
Immunology, Sydney (Secretary, P.O. 
Box 391, Darlinghurst, NSW 2010, 
Australia). $ n 


4-8 July, Rhythmic Activity of Fish, 
Stirling (J. E. Thorpe, Freshwater 
Fisheries Laboratory, Pitlochry, Pesth- 
shire, Scotland). 


6-8 July, Het Electrons in° Semi- 
conductors, Denton, Texas (D. G. 
Seiler, Physics, North State Texas 
University, Denton, Texas 76203). 


11-14 July, Sth International Sym- 
posium on Gas Kinetics, Manchester 
(UMIST, P.O. Box 88, Manchester, 
UK). 


11-14 July, International Symposium 
on Dendrochronology, London (Organ- 
ising Secretary, National Maritime 
Museum, London). 


11-15 July, 8th International Confer- 
ence of the World Association for the 
Advancement of Veterinary Parasi- 
tology, Sydney (Secretary, CSIRO Mc- 
Master Laboratory, P.M.B. No. 1, Post 
Office, Glebe, NSW 2037, Australia). 


11-15 July, 2nd International Confer- 
ence on The Organometallic and Co- 
ordination Chemistry of Germanium, 
Tin and Lead, Nottingham (P. G. 
Harrison, Chemistry, University of 
Nottingham, Nottingham). 


17-22 July, International Symposium on 
Macromolecules, Dublin (Macro Bublin 
77, Institute for Industrial Research 
and Standards, Ballymun Road, Dublin 
9, Ireland). 
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. | i 4 The new SEM 501 gives you better 
| ur PG micrographs, consistently, more- 












conveniently than with any other 
competitive scanning electron, 
microscope. | 
” THat’s our claim. : 
Don’t believe it until you prove it for 
yourself. Bring your own samples. Sit in 
the driver’s seat of our SEM 501. ‘ 
Feel for yourself how convenient itis to 
operate. | 
Experience for yourself the benefits of a 
, » built-in eucentric goniometer. 
See for yourself the uncompromised 
quality you get from the videoscope and 
unique greyscale generator. .. and better. 
than 70 A resolution time after time. r 
Learn for yourself what SEM versatility. 
really means! 
While you're here, learn about our 
unmatched total support service. 
What you see in our lab yowli get in 
your lab. 
hat you can believe! 
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Philips Industries, Electron Optics Department, 
Building TQ iH-2 Eindhoven, The Netherlands. 


Seeing is believing! ° | 
(i'd like to sit in the driver's seat of your new SEM 501 
Piease contact me for a personal demonstration. 
o For the time being, full documentation will do. 


CO Putme on your mailing list for technica application = 
hulletins. l 
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for your reference. 


Index 


The index to 1976 issues of Nature 
is now available. The index assists 
quick, easy reference to past issues 
by listing papers both by author 
and subject. 


Price (post-paid): UK £2.50; Rest 
of world US $5.00. 


Binders 


Keep your copies of Nature pro- 
tected in specially designed black 
PVC binders. Four of these durable 
binders will hold a year’s copies of 
Nature. They have a clear pocket 
on the spine for insertion of your 
own references. 


Price (post-paid): UK £2.50 each 
or four for £8.00; Rest of world 
US $5.00, four for US $16.00. 


Orders with correct remittance 
= should be sent to: 

* * : 
Nature, Circulation Department, 
Macmillan Journals Ltd, 


or Brunel Road, Basingstoke, 
|. Hampshire RG21 2XS, England. 
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Reader enquiry service e 


On the move? 


You can announce your change of address, free of charge, in a new 
section in Nature--whether the move be permanent or just for a 
gabbatical period. Send your present and future address, the date of 
moving and, if applicable, the date of return to On the Move, Nature, 
4 Little Essex Street, London WC2. 
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Scientists think, too 


IMAGES of science and the scientist and of engineering 
and the engineer are much discussed at present. The 
most recent issue of Physics Today contains W. A. 
Fowler's Presidential Address to the American Physi- 
cal Society in which some ideas on brushing up the 
physicist’s image are put forward. British engineers, 
deeply concerned at what they believe is society’s lowly 
rating Of them, have been puzzling for some time over 
how they can better present their profession. And the 
Spring issue of Science for People, the magazine of the 
British Society for Social Responsibility in Science, is 
devoted to images of science; we are told that scientific 
works being subject to an extreme division of labour, 
‘tends to be boring, unfulfilling, alienating and un- 
healthy like most jobs in a capitalist society . . . Being 


. a scientific worker means working in a patriarchal, 


repressive hierarchy, often in bad working conditions, 
without control over the fruits of one’s labour’. 
. Images are, of course, needed for a variety of pur- 
poses. The student will see the scientific profession in 
a certain light and will accordingly decide whether or 
not to contemplate a scientific career. The industrial 
employer will have a different sort of perception of 
science related to value to the company. The politician 
will want to know whether scientists,and technologists 
are basically trustworthy in their advice or whether they 
are prone to empire building and self-serving pro- 
nouncements. The layman, relying more and more on 
science and technology to deliver the goods, will have 
his or her own view of whether the scientist and tech- 
nologist substantiate their claims. Occasionally in all 
of these directions we can be pleasantly surprised at the 
reservoir of goodwill, trust and interest which remains. 
But there is one image which is in danger of being 
submerged amidst the recent frenzy to, project scierrce 
as still valuable and scientists as (in Fowler's words) 
capable, practical, ingenious, innovative and at the 
same time human beings. That is the image of scientists 
as thinkers. The public still remembers Einstein and 


recognises him as a great thinker, but is science in 


general considered to be a thinking profession? Of 
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course this image is not necessarily one which will be 
for mass-consumption, but it is an important one never- 
theless, because other people in our society most®: 
certainly regard themselves as thinkers and it is im- 
portant that they do not dismiss scientists as doers only, 
and therefore of not being capable of participating in 
sensible general discussions on broad matters of policy.” 
This has happened to a large extent in Britain already, 


with precious little action from bodies which are 


supposed to have the scientists interest at heart. There 
is deplorably little involvement of the scientist in what 
migh be called ‘the life of the nation’ and the process 
is, of course, self-reinforcing: the more the exclusion, 
the smaller the number of those who can talk sense. 
What to*do to establish toeholds? Clearly anything 
involving the expenditure of large sums is not going to : 
be feasible in the near future, so we may have to rule 
out such desirable ideas as seconding scientists to work 
with politicians, or the establishment of new inter- 
disciplinary institutions. There still remain, however, 
opportunities within the media—sthe arch-purveyors of 


image. Last year there was great satisfaction that a 


young biologist should be asked to deliver the BBC’s 
Reith Lectures. But very few scientists are allowed to- 
express their own views in any extended way either on 
work they are involved in themselves or on more general 
matters. The formula is generally that scieptists, if 
allowed to speak or write at all for the general public, 
do so almost invariably through short extracts only, with 
a journalist or reporter on hand te explain what the 
scientist means. There is Shothing fundamentally wrong 
with this format (not that many professors in the 
humanities would stand for it), but in the absence of 
more extended contributions in the columns of serious 
newspapers, in magazines and in radio talks, the im- 
pression if undoubtedly left that scientists aren’t really 
capable of stringing together more than a few dozen 
words, are only worth hearing on their very narrow 
speciality and are best not disturbed ig their busy life 
of doing things. It is time the thinking side of science 
was given a more public airing. 2 
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Chemical disarmament still elusive - C, 


THE Spring session of the United Natiogs Conference of 
the Committee on Disarmament (CCD) droned to a close 
in Geneva this month with little concrete progress made 
on the thorny issues involved in negotiating a chemical 
disarmament treaty. Though a proposal put forward last 
year by the British delegation received many general en- 
dorsements--including one from the United States—. 
delegates have been marking time for the past three years 
awaiting a long-promised but elusive joint proposal from 
the United States and the Soviet Union. 

Part of the problem stems from the fact that there is 
considerable confusion about the United States position, 
particularly in regard to the US Army’s plans to launch 


a massive new programme to replace its existing chemical 


weapons stockpiles with so-called binary chemical weapons. 
The time has come for President Carter to clarify the 
matter. 

The background is this. In the early 1970s, while US 
delegates were telling the CCD that the United States 
supports chemical disarmament, fhe US Army wa&s request- 
ing funds from Congress to begin building binary weapons— 
nerve agents made from two non-lethal components which 
form a deadly compound when mixed together. Not sur- 
prisingly, the negotiators were not taken very seriously. In 
1974, however, Congress refused to appropriate the funds. 
Undeterred, the Army came back with another request 
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the following year. This time, the House. Ree Services 
Committee deleted the funds, but it stated that unless pro- 
gress*is made at the CCD talks, future requests for binary 
weapons would be viewed more favourably. 

Consequently, no funds were requested for binaties in 
the budget proposed by President Ford early last year, but 
the Army nevertheless argued within the Administration 
for the programme to be reinstated in President Ford’s 
final budget, presented to Congress last January. Ford de- 
cided not to include the funds, Rowever, and passed the 
matter on to his successor. The binary programme is there- 
fore far fom being killed off, and it still looms large over 
the CCD talks. `. 

While this was going on, President Nixon and Secretary 
Brezhnev announced at their summit meeting in July 1974 
that the United States and the Soviet Union would offer 
a joint initiative to break the deadlock at the CCD talks. 
So far, however, only two rounds of bilateral discussions 
have been held, the last of which took place early in April, 
and little progress was made. 

Very tricky issues concerned with measures to police a 
chemical disarmament treaty are involved in the negotia- 
tions. But the time has come at least for President Carter 
to clear the air by announcing that the United States will 
scrap its plans to produce binary weapons and that the 
new Administration is serious about chemical disarmament. 


The microprocessor phenomenon 


Basil Zacharov separates fact and fiction to comment on the 
microprocessor ‘revolution’ 


Since the introduction of the first commercial micropro- 
cessor in 1971 by INTEL the growth in number of micro- 
processors has been little short of phenomenal. It is 
estimated that the present sales, already £10 million for 
the European market, will grow at least tenfeld by 1980. 
Microprocessors are used in scientific, domestic, military 
and commercial applications. Conferences entirely devoted 
to microprocessors are now commonplace. There are pro- 
fessional journals which are concerned only with micro- 
processors. And there is hardly any research grant appli- 
cation with a computing or electronic content where the 
word ‘microprocessor’ does not appear somewhere or other. 

The microprocessor is an electronic device, fabricated 
on a single small semiconductor chip, enabling certain 
operations to be performed on input digital data, the trans- 
formed data then becoming available either on an output 
data highway, or in appropriate internal registers of the 
microprogessor. Depending upon the choice of micro- 
processo?, the width of the data path may be anything 
from | bit upwards, and the operations may ‘include arith- 
metic instructions, logical instructions and certain ‘others, 
familiar to every pfofessional computer programmer, such 
as conditional and interrupt-hahdling operations. Thus the 
microprocessor is just one example of a very broad class of 
monolithic digital “elements, using one of several large-scale 
integration (LSI) technologies to implement as many as 
10° components on a single semiconductor chip perhaps 
only 25 mm’ in area. 

Not surprisingly perhaps, the very rapid evolution and 


- exploitation of microprocessors has been accompanied by a 


corresponding growth in publicity, some of which has been 


mot altogether accurate. There. has emerged a mythology 
< about microprocessors or, at the least, a certain amount of 
confusion. Probably the most widespread myth is that a 


microprocessor is a microcomputer which, still, it patently 
is not. Probably one should not be too pedantic abeut this, 
and anyway there are many different kinds of stored- 
programme digital computer, but all of them have to have a 
memory, a control unit for instruction sequencing and 
some means of input and output as well as the processing 
section. So the microprocessor is nothing more than one 
component of a computer although, admittedly, A very 
powerful component indeed. 

A much more dangerous myth is that it is easy to replace 
minicomputers by microprocessor systems and presumably, 
because the cost of microprocessors is so low, that it is 
possible to build a microprocessor-based minicomputer at a 
cost much lower than that of commercially-available mini- 
computers. And so we have seen numerous examples of 
minicomputers fabricated by the do-it-yourself process. The 
truth, unfortunately, is that, if all the component costs are 
really taken into account (including power supplies, circuit 
cards, casing and so on) and fabrication costs properly 
included, then it is almost impossible to compete even with 
the hardware costs of small minicomputers supplied to 
equipment manufacturers (the so-called ‘naked’ mini- 
computers, with no peripherals or other trappings). And 
this is not the least surprising, for minicomputer manu- 
facturers have been making use of modern LSI components 
just as much as anyone else. However, if the fact is included 
that even the most modest minicomputer arrives with some 
software, then any thought that an individual can compete 
economically in synthesising a minicomputer just cannot 
be supported. 

A more subtle myth is the claim that, because micro- 
processors are inexpensive, it is possible to produce at much 
lower cost a computing system that is comparable in per- 
formance to that of large general-purpose éomputers. Such 
claims are generally supported by demonstrating that micro- 
processor-based computing systems can be built withe cer- 
tain instruction execution times comparable to those of 
some chosen large computer. The more outspoken of those 
making these claims then go on to conclude that anyone 
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using the large computer on a shared basis wouldedo well 
to abandon this enslavement and turn instead to a ‘personal’ 
computer based on microprocessors. The millennium has, 
unfortunately, net yet arrived, and the reason is of course 
clear. It is simply that, although it is indeed possible to 
achieve comparable execution times for certain operations, 
as for example adding two integers, this is just hopelessly 
inadeqhate to achieve the performance of a large computer 
fof. calculations of a general nature. 

Large computers achieve their performance precisely 


because of their very extensive repertoire of operations, . 


and also because of their complex internal organisation 
which allows many différent concurrent activities. If this 
performance is required, then the complexity, and hence 
cost, of the large gystem is inescapable. That is not to say 
that fhe architecture of modern large computers is the 
best that can be imagined, nor that a large computer is 
best for all purposes; justethat,modern large computers are 
fairly well matched to the requirements of most large 
data-processing afd scientific calculations, for which a 
microprocessor-based alttrnative would be inadequate. 

Of course there may be certain special computational 
tasks that only involve just those operations that can be 
implemented well with microprocessors: in this case it may 
well be the best choice to us@ the microprocessor system. 
But, even here, the problem has to be one which occurs 
frequently—otherwise it may still be much morg economical 
to use a conventional computer inefficiently. It must be 
emphasised here that, just as in the case of minicomputers, 
large systems use LSI techniques where they can and if 
they are costly, it is because of all the general facilities 
that they possess. Microprocessors have no monopoly of 
LSI technology. 

So what is it that microprocessors offer that has led to 
such am upsurge sin their numbers? The most important 
attributes appear to be small size and low cost. but these 
relate to the microprocessor as a digital systems component, 
and not to such things as complete computers. And the 
advantages in using microprocessors stem from the fact 
that these attributes enable them to be used either where 
an application requires large numbers of processors or 
where processors need to be built into some device or 
other. Moreover, in applications where the processing 
task is completely defined and does not need to be 
changed, there can be a very significant economic 
advantage in using a microprocessor system tailored 
to the task rather than use a more versatile mini- 
computer. The advantages of microprocessors when used in 
these ‘turnkey’ systems increase tremendously when the 
number of similar systems is great. Such problems had been 
tackled in the past by building special-purpose electronic 
systems, but these were generally expensive and very diffi- 
cult to modify. Microprocessors are not only much less 
costly for these purposes, but also more seliable and, more 
important, they allow easy evolution from one system to 
another by changing software. 

The real benefit of microprocessors has appeared in 
computer peripheral devices, especially terminals. and in 
instrumentation of all kinds. So we have seen a dramatic 
change already in data presentation from instruments to 
human beings, and in every application where electronic 
systems have to respond in an adaptive way to external 
conditions. This introduction of so-cafled ‘intelligence’ into 
electronic systems has transformed the operation of a wide 
range of systems, from oscilloscopes to washing machines, 
from missiles to traffic lights. from compter terminals to 
automobile electronics. What was costly and complicated 
to do before using conventional hard-wired electronic 
components has now become inexpensive and relatively 
simple to implement. 

This trend towards replacement of hard-wired electronic 
logic by  software-programmed microprocessor-based 
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systems is nowhere more apparent than in digital communi- 
cations, itself one of the most rapidly growing technological 
fields. Already the use of microprocessors in coupling 
remote devices to computer networks is commonplace, but 
we are witnessing only the beginning of this trend. How- 
ever, all these applications generally involve theuse of only 
a few LSI devices for each unit of equipment, and we 
need also to femember the other area mentioned, where 
many microprocessors are used together. 

For many years now there has been the idea that what 
is difficult to do on a conventional sequential-processing 
computer might be much easier to do on an array of many 
coupled processors all operating in parallel. Computational 
problems which either have intrinsic parallelism or can be 
suitably formulated in terms of some parallel algorithms ° 
exist in many different fields, but their solutions have been 
impeded by the lack of appropriate hardware. Although 
attempts have been made to implement parallel computer 


systems using conventional hardware, these attempts have @ 


been immensely costly. Now, with the advent of micro- 
processors, the construction of parallel processing systems 
has become a real economic prospect and, together with it, 
the promise of effective solutions to a whole new class of 
problems. 

So, although there is a mythological element in what is 
being claimed for microprocessors which sometimes dis- 
tracts certain sectors from the realities of the situation, it 
is no myth Phat microprocessors have made a most funda- 
mental impact on many different fields. Microprocessors are 
already transforming both the construction and the exploita- 
tion of an immense range of instruments, appliances and 
systems, and the signs are that this trend is only a begin- 
ning. But perhaps it is as well to end on a note of caution 
and to mention a final myth—namely that microprocessors 
are easy to use, and that it is jus? as easy for hardware 
designers to employ them as it was for them to design cir- 
cuits using conventional integrated circuits. What is over- 
looked here is of course software, which many circuit 
designers are seeing for the first time. 

It is probably the case that, except for a few talented 
individuals or for very trivial tasks, it was never payticularly 
easy to program a computer effectively in mache code, 
and not only*are microprocessors no exception here but 
they are also rather primitive. The solution to this prob- 
lem is well-enough understood, for exafmple by using what 
are termed high-level techniques to insulate the micro- 
processor system user or designer from all the details of 
particular system components. This solution will take a long 
time to establish since it depends upon agreement about 
standards and conventions, among other factors, and these 
do not yet exist. However, even with high-level techniques, 
it will still be necessary for hardware designers to be 
familiar with software. Indeed, they will no longer be 
circuit designers but rather systéms engineers. For this to 
come about, and for the full potential of microprocessors e 
to be realised, we will have to adapt our educational system 
to meet the new needs of such systems engineers. C) 
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The great whales need protection from man. 


Ray Gambell describes the efforts to provide it 


To control of whaling by the 
International Whaling Commission 
(IWC), which regulates about 90% of 
whaling activity throughout the world, 
has changed very considerably in 
recent years. There is now a long term 
management policy aimed at bringing 
all whale stocks to their most produc- 
tive levels. Stocks which have been 
reduced below these levels in the past 
are given total protection from hunting 
so that they can rebuild at the fastest 
possible rate. All management decisions 
are now based only on the best 

. k @ . 
scientific advice available on the con- 
dition and sustainable harvesting 
capacities of the stocks. Previously the 
economic arguments of the whaling 
industry weighed very heavily in deci- 
sions taken on the number of whales 
which were allowed to be caught and 
the stocks were successively overtaxed 
to varying degrees. 

This major change in management 
policy started in 1965 but developed 
more rapidly after the 1972 UN Con- 
ference on the Human Environment in 
Stockholm at which a three-part reso- 
lution on whaling was adopted. It 
called for the strengthening of the 
IWC, an increase in international re- 
search on whales, and a ten-year 
moratorium on commercial whaling. 

Ever since the IWC was set up by 
the International Convention for the 
Regulation of Whaling, signed in 1946, 
the secretariat had been provided on a 
part time basis by the UK Ministry of 
Agriculture, Fisheries and Food. In 
recent years it became clear that the 
part-time secretariat had difficulty in 
meeting the increasing demands placed 
upon it and so in 197@ the Commission 
established a full-time secretariat 
headed by an experienced whale 
biologist. The offices of the Com- 
mission have now moved from London 
to Cambridge, where there are a 
number, of research instituions con- 
cerned “with whales and other marine 
mammals. The secretariat is now able 
to devote itself completely to the 
development of ° the Commission’s 
activities, including publicity, publica- 
tions and the general servicing of the 
Commission’s day-to-day requirements. 


International research 

A great deal of current knowledge of 
the biology, life history and status of 
the stocks of the great whales has been 
gained with the generous cooperation 
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of the whaling industry itself. Biolo- 
gists have been able to collect and 
analyse materials from the whale car- 
casses during normal commercial 
operations and facilities for sighting and 
marking programmes, which would not 
otherwise have been undertaken have 
been provided. Inevitably, with the 
reduction of the whaling industry in 
recent years, the scope for research 
based on commercial operations has 
declined. This is particularly noticeable 
in terms of the sighting areas covered 
by the fleets, which now provide the 
only records of the protected ‘species. 

eWhele research on an adequate scale 
for proper global management is very 
expensive. In 1975 the Scientific Com- 
mittee of the IWC put forward 
detailed proposals known as the Inter- 
national Decade of Cetacean Restarch 
(IDCR), for research on the distribu- 
tion and status of the stocks of whales 
in the southern hemisphere, North 
Pacific, and North Atlantic Oceans. 
They have been sifbmitted to the 
United Nations Environment Pro- 
gramme as one possible funding agency. 
it is estimated that the first year of this 
ten-year programme will cost $2.4 
million at 1974 prices and, so far there 
has been no progress in obtaining fund- 
ing of this magnitude. The delay has 
been partly brought about by a number 
of bodies awaiting the research pro- 
posals from the Food and Agriculture 
Organisation (FAO) Mammals in the 
Sea Scientific Consultation held in 
Bergen in September 1976. 

In the meantime the IWC has set up 
its own voluntary research fund. Only 
a few contributions have been received 
so far, but it is hoped that a number 
of the IDCR proposals can be funded 
and implemented through this research 
fund. In addition, of course, the various 


national research groups continue their, 


own programmes. 

When the IWC considered the call 
for a total moratorium on commercial 
wifaling jt accepted the advice of its 
Scientific Committee that such action 
could not be justified scientifically since 
prudent management required regula- 
tion of each stock individually. Never- 
theless, the Commission did formulate 
and adopt precise guidelines for the 
control of whaling basegi on the concept 
of Maximum Sustainable Yield (MSY). 
Al] stocks of whales are now classified 
into one of three categories according 
to the advice of the Scientific Com- 
mittee: 

@initial Management Stocks, which 
may be reduced in a controlled manner 
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to achieve MSY levels or optimum 
levels as these are determined. 
@Sustained Management Stocks which 
will be maintained at or near MSY 
levels and then at optimum levels as 
these are determined. 

®Protection Stocks, which are below 
the level of sustained management 
stocks and will be fully protected. © 

All whale stocks have a natural 
capacity for increase and a natural rate 
of mortality. At their initial level these 
two factors balance one another so that 
the stock remains more or less m 
equilibrium. As thë stock is reduced 
the pregnancy rate rises, the Age at 
which the whales start to reproduce 
falls atid recruitment increases. At 
some particular stock level the surplus 
of recruits ower natural deaths reaches 
a maximum—the MSY—which can be 
safely harvested without reducing the 
stock size. At stock sizes below this 
level the surplus of recruits over 
natural mortalities declines until 
another equilibrium position is reached 
at very small stock levels. 

The Scientific Committee has 
responsibility for identifying stocks of 
all species of large whales and classify- 
ing them according to these categories. 
The classification is revised annually. 
The size of catch which may be taken 
from *the stocks is then defermined 
more or less from automatic rules. If 
a stock is to be judged to be sub- 
stantially smaller than the MSY level 
total protection is declared. If it’ is 
larger, catching is permitted under 
quotas which should allow a controlled 
reduction of the stock towards the 
MSY level. If the stock is already near 
the MSY level annual quotas are set 
with the intention of maintaining the 
stock at about that size. The’rules for 
determining catch limits allow for pos- 
sible errors in MSY estimates. bor 
example, no more than 90% of the 
estimated MSY can be taken whatever 
the classification of the stocks. This 
gives a margin of 30% either way in 
the estimation of the MSY stock level 
with a symmetrical yield curve. There 
are also supplementary rules for deter- 
mining the rates of catch when there is 
insufficient knowledge to assess the 
status of the stock, especially when 
exploitation has only just begun, and 
also when a stock has apparently been 
exploited at a sustainable level for 
many years. 


Scientific advice 

Despite the advances made by the [WC 
in bringing its house into order in 
recent years, there is “still considerable 
public interest and debate over the way 
in which the whale stocks are har- 
vested. One area of criticism concerns 
the activities of the Scientific Com- 
mittee itself. There is much discussion 
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over the concept of MSY as a basis for 
management: The Scientific Committee 
is very much aware of this problem and 
is open to any proposals which would 
help it in its task of assessing, classify- 
ing and offering advice on the regula- 
tion of the whale stocks. For the 
moment, however, the MSY concept is 
one which does give practical guide- 
lines for the management of the whal- 
ing industry which can be kept under 
constant review. It also allows for new 
factors to be introduced to develop the 
idea of optimum stock levels. 

The Internatidnal Union for the 
Conservation of Nature and Natural 
Resources has called for the replace- 
ment of the MSY concept *by more 
ecologically baseg criteria but unfor- 
tunately, it is not yet pessible to quan- 
tify such a basis for management. 
Discussions are going on between the 
IWC Scientific Committee and the 
IUCN with a view to developing these 
ideas. 

A further source of difficulty is the 
extent to which the Scientific Com- 
mittee’s activities and discussions are 
available for public scrutiny. Because 
it meets in the two weeks immediately 
preceding the Commission’s Annual 
Meeting held in June every year, there 
is no possibility of publishing the re- 
ports gf its work before the meeting. 
This has happened because the Com- 
mittee must have the latest catch 
statistics from the Antarctic whaling 
stason which finishes only a few weeks 
earlier. However, all the scientific 
papers contributing to management 
decisions are available immediately 
after the meeting, and most of them 
are published subsequently in the 
Commission’s Annual Report. 

The Commission has been criticised 
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Pin whale on the Durban whale track 


as a cfub for exploiters but, the 
majority of the sixteen member nations 
do not catch whales commercially. 
Also, any government may adhere te 
the 1946 Convention and so play a full 
role in the conservation and manage- 
ment of the whale stocks. When the 
Commission was first set up it recog- 
nised that specialised agencies related 
to the United Nations would also be 
concerned with the conservation and 
development of whale fisheries. It 
therefore agreed to decide within two 
years of the Convention’s enforcement 
whether it too should become a UN 
agency. In 1950 it resolved that it 
should remain an independent body, 
but at the same time decided to main- 
tain its close association with the FAO. 
The question of IWC affiliation to the 
UN has not since been raised within 
the Commission. . + 

The 1946 Convention is currently 
being reviewed and a meeting is being 
planned of plenipotentiaries from all 
significant whaling countries or coun- 
tries with stocks of cetaceans off their 
coasts to elaborate a new cetacean con- 
vention. It is very important that all 
whaling should be under unified inter- 
national contrel, for if unregulated 
catching goes on there is little prospect 
for the survival of whales as a valuable 
resource and component of the marine 
ecosystem. 

Although only some 10% of the 
world’s whaling is carried out by 
nations which are not members of the 
IWC, their catch represents all or a 
major part of the whaling activity in 
certain parts of the world. For exgmple, 
off the coasts of Chile and Peru these 
two nations are the only countries 
actively whaling, while the Spanish and 
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Portuguese catches in the temperate 
Atlantic are the only ones in that area. 
In @&ddition, catches by Korea and a 
Somali registered vessel overlap with 
IWC memebers’ operations. The IWC 
has noted.that these activities are 
seriously weakening its conservation 
measures and it has repeatedly called 
on these countries to adhere to the 
1946 Convention. So far, diplomatic 
approaches by individual governments 
and by the United Nations and various 
of its specialised agencies have niet 
with a negative response. 


International inspection 

The Commission’s regulations are en- 
forced by whaling inspectors appointed 
by the flag nation of each catching 
operation. They report on any infrac- 
tions and carry out “prosecutions 
through their national jurisdiction. The 
Commission has also established an 
International Observer Scheme, where- 
by observers are exchanged between 
nations which are in or operate within 
the same geographical areas. Thus, 
Japan and the USSR exchange ob- 
servers on their factory ships in thee 
Antarctic and in the North Pacific. 
Land station operations in Japan re- 
ceive observers from the United States, 
and the Icelandic whaling station hase 
a Canadian or Norwegian observer. A 
similar exchange is planned between 
Australia and Brazil, the two Southern 
Hemisphere land station operations 
with the IWC. 

The observers report directly to the 
Commission on the manner in which 
the whaling operations and the inspec- 
tion schemes are carried out and check 
that the various regulations governing 
whaling activities are properly imple- 
mented. It has been argued that such 
an interchange between nations with 
common interests is not sufficiently in- 
dependent and that observers from 
non-whaling mations should be placed 
at the various whaling factories. This 
is a matter for international agreement 
but it must be recognised that the 
present observer schemes are a signifi- 
cant step forward in the control of the 
whaling industry on a globaj scale. 

The history of the regulation of 
whaling this century is generally one 
of failure. A number of stocks have 
been sgriously depleted in every phase 
of whaling activity, for whales can be 
caught more quickly than they are able 
to reproduce. Nevertheless, the recent 
advances in the organisation and 
actions of the IWC make the future 
look more hopeful. Although there are 
still many difficulties and many prob- 
lems of a scientific and administrative 
nature the present direction of the IWC 
and its stated intentién to manage the 
stocks in a responsible fashion give 
cause for future optimism. à 
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Now, an implementation problem 


Robert Stein writes on the United Nations 
Water Conference which took place last month : 


+ 


Tue UN Water Conference finished its 
work on 25 March in Mar del Plata, 
Argentina, and the ripple was slight. 
Most of the reports coming out of the 
conference said nothing much hap- 
pened, which was taken by reporters on 
the scene to be either good or bad. 
That no serious political controversy 
disrupted this conference in the way 
that political issues tore apart the end 
of the UN Human Settlements Con- 
ference in Vancouver last June was 
certainly positive. There was a lot of 
serious discussion both by those with 
technical expertise and those concerned 
with the political implications of the 
various uses of water. On the negative 
side, the lack of exciting controversy 
did not result in very many concrete 
advances, and this is seen as a failure 
of the conference since the problems 
eare still waiting to be addressed. 

But what was the conference 
trying to do—and did it come at all 
close to accomplishing its purposes? 
representatives who journeyed 
many thousands of miles to participate 
in the conference—-over one thousand 
of them from 116 states—-had been 
given documentation which contained 
both good and bad news. There was 
enough water globally but, as Gilbert 
F. White put it in the basic UN back- 
ground paper, “Frustratingly, it tends 
to be available in the wrong place, at 
the wrong time, or with the wrong 
quality.” Yet for the developed world, 
the bulk of the problems had until the 
past few years not been theirs. Pollu- 
tion, yes, but there was little expecta- 
tion that a UN conference could help 
advance their perception of the prob- 
lems, Then in the summer of 1976, 
water shortages in northern Europe, 
and the lack of snow in North 
America the following winter woke 
others up to the fact that drought was 
not mergy a problem for the Sahel. 
Sound Water management begins at 
home. 

At the same time this conference, il 


prepared as it wab (the preparatory — 


committee meeting in January had 
only one day to review the draft of the 
plan of action), had a specific charge, 
provided by the UN Human Settle- 
ments: to consider targets for supply 
of potable water and waste disposal, 
Many of the countries of the under- 
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developed world addressed water 
supply as their most pressing problem. 
Kenya, Tanzania, Nepal, and Pakistan 
all issued pleas to the conference for 
help. A number of African countries 
called for a new special fund to assist 
countries in water supply and waste 
disposal—a cry which was not 
answered. Instead, the conference 
adopted a resolution calling for a study 
to figure out how to finance a variety 
of water development projects, a study 
which would not exclude the possibility 
of a fund. 

Additionally, and more importantly, 
the conference approved a resolution 
put forward by Argentina, the host 
government, which called upon govern- 
ments needing improved water supply 
and waste disposal systems to prépare 
programmes and plans by 1980 to 
to reach the Habitat goals of water for 
all rural and urban areas by 1990. 
These plans would then be reveiwed to 
determine how they *could best be 
funded. Interestingly, the problems of 
maintaining broken-down systems, 
which are usually ignored, were made 
an integral part of the recommend- 
ations. The resolution was much less 
specific on which body or organisation 
would help with the implementation, 


but that was left for the UN’s 
Economic and Social Council to work 
out.e The conference dealt only 


generally with problems of water in arid 
lands and drought, preferring to let 
the Deserts Conference, this August, 
tackle that issue, 

Management of shared river basins 
contributed greatly to whatever sub- 
stantive disagreements took place at 
the conference. The division was 
usually according to a country’s place 
in the basin: ‘upstream’ countries 
which could hold back water or pol- 


» ma ad 
lute it to the detriment of those who 


were ‘downstream’ banded together, 
providing such groupings as India 
agatnst Bangladesh on the Ganges; 
Turkey against Syria and Iraq on the 
Euphrates; Brazil against Argentina on 
the Parafia; and Germany, Switzer- 


Jand and France against the Nether- 
The resulting 


lands on the Rhine. 
recommendation was clearly a political 
compromise 


in accordance with principles of inter- 
national: law. Advance consultation 
was also watered down, with no man- 
datory requirements. The work of 
international legal bodies was also 
encouraged, though given past per- 
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formances, many tisputes—acrimonious 
as well as  peaceable--will arise 
before these groups conclude their 
work. ' 

The conference ended positively. An 
attempt to introduce a statement, 
which most aptly would have Been 
called the “Declaration of Mar ded 
Platitude”, was defeated; instead ‘the 
recommendations themselves were en- 
shrined. But after the delegates packed 
their bathing guits and stacks of docu- 
ments, and left the shining sea and 
ali the plain-clothes Ponce behind, what 
is next? 

UN Conferences can only be a 
reflection of the willingness of mem- 
ber statés to do something. Agreeing 
to a fund does not ygecessarily provide 
any real money to build water supply 


systems or irrigation work§. A con- 
ference must—and the UN Water 
Conference just barely did—supply 


tools epabling countries and inter- 
national aid-giving agencies to act In 
specific directions if they so choose. 
They are not law making conferences, 
like the UN Conference on the Law 
of the Sea is meant to be, nor can they 
be in two weeks. The proof is in the 
implementation, a part of the confer- 
ence process too often ignored both by 
governments and the UN = system. 
So the questions pemain. Hpw will 
governments react to the proposals 
when they are presented to the UN 
Economic and Social Council in July? 
How many governments will make 


‘efforts—-which they otherwise would 


not have done—over the absence of 
the water supply programme or the 
provision of aid and technical assistance 
to those that need it? How will the 
conference affect programmes of inter- 
national agencies such as the World 
Bank, WHO, FAO, WMO, UNDP, 
UNICEF and all the others who came 
to the conference to make sure they 
weren't cut out of the action? These 
will be the tests of success or failure, 
and though it is too early really to 


gauge success, the record of the inter- 


national community is not a very hope- 
ful one. | E 
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Kenneth Owen on Sir Ieuan Maddock 


Bread-and-butter or exotica? 


A CHOICE trio gave details of the 
_Labéur Governments new Ministry 
ef Technology at a Millbank Tower 
press conference in November 1964— 
| Frank, Cousins, trade union leader 
_ turned minister; C. P, Snow the 
_ author, alias Lord Show, a junior 
| minister; and Professor P. M. S. 
‘Blackett, depufy chairman of the 
mipister’s Technology Advisory 
Council. Dr Ieuan Maddock at that 
time was with the Adomig Energy 
Authority at Aldermaston. The fol- 
lowing SeptemBer he moved over to 
Minteck at the invitation of Dr John 
Adams. to help get the fledgling 
ministry moving. 

At the end of last month, six 
ministers and two ministries later, 
Sir Ieuan Maddock, FRS retired as 
Chief Scientist at the Department of 
Industry. He remains acting director 
of the National Physical Laboratory. 

A tough, ebullient Welshman, he 
had needed both toughness and 
ebullience to steer industry and 
government research establishments 
towards what he saw as the right 
kind$ of technology. In the process 
he offended both high-technology 
industry and the establishments: he 
ewas bruised by the expediency of 
politicians. 

The concept of Mintech had been 
generated primarily by Blackett, who 
knew at first hand how science had 
been harnessed to immediate national 
objectives during the 1939-45 war 
and who believed that industry could 
now be regenerated by a similar 
approach. Maddock joined Mintech 
as a deputy controller. It was then a 
very small ministry, responsible for 
only four  industries—electronics, 
computers, telecommunications and 
machine tools. Mintech expanded with 
the transfer of the engineering in- 
dustry divisions of the Board of Trade* 
in February 1966 and Maddock went 
on to head five industrial divisions. 

Mintech also broadened in scope 
to deal with basic industrial structures, 
not just technology. One facet of this 
approach led to the setting-up of ICL 
as Britain’s national computer 
company. Various other programmes 
were mounted to stimulate the 
-application of advanced machines 
| and techniques in industry. “By the 
‘|: summer of £969, Sir Ieuan recalls, 
| “we were really beginning to get 





| results”. 


| Then came a body-blow—the 
| change of government in 1970 which 


abolished Mintech and put its 


initiatives into reverse. “The new 
government classified everything we 
were trying to do. at Mintech as 
‘interventionist’. The shutters came 
down absolutely and completely. You 
were guilty until you could prove 
yourself innocent. A lot of schemes 
were scrapped long before we had a 
chance of finding out whether they 
were good or bad”. 

In his work as Controller of 
Industrial Technology at the new 
Department of Trade and Industry 
(DTI),. Maddock was becoming more 
of an administrator, working on, 
among other things, the future°of the 
steel industry. “By that time I had 
moved a fairly long way away from 
science and technology”. This was 
recgified in February 1971, when he 
was appointed to the new post of 
Chief Scientist at the Department. 
He was to be responsible for the 
general strategy and coordination of 
the Departmegt’s research activities, 
while retaining his responsibilities for 
the. DTI sponsorship of the steel, 
electronics and computer industries. 

“At that time”, Sir Ieuan says, 
“I found it personally very difficult. I 
was dedicated to what we had been 
doing at Mintech and I was seeing it 
dismantled. I was having to fight 
rearguard actions all the way, saying 
‘Look, you’re throwing all kinds of 
babies away with the bathwater’— 
and subsequent events proved that 
to be right. 

“I have to confess I didn’t enjoy 
that part of my life at all. In nearly 
40 years of government service it is 
the only period I can recall when I 
was really pretty unhappy with my 
environment”. 

-Fresh air blew in with the Roths- 
child proposals, fully supported by 


Maddock, which introduced the 
customer—contractor principle into 
government R&D spending. “With 


the dip in my moral factor at that 
time”, Sir Ieuan says, “this gave me 
something to get my teeth into”, 
The DTI itself was not a customer 
department, in the way that Defence 
was; how should the Rothschild 
principles be applied? Maddock’s 
solution was tO set up a group of 


eindustry~government research require- 


ments boards to act as proxy 
customers, decide priorities and dllo- 
cate funds. As their programmes 
came under scrutiny from the boards, 
the government laboratories hated 








Sir Ieuan Maddock — 


the whole exercise, Sir Ieuan admits | 
cheerfully. The balance of R&D | | 
spending changed, with less being | 
channelled through the establishments | __ 
and more through thee research F 
associations (and through industry). | 
On public occasions throughout his a 
time at Mintech, DTI and Dol, Sir | 
leuan has repeatedly stressed the . 
importance of the bread-and-butter 
industries and the dangers of pursuing 
high-technology exotica. The trans- 
fer of existing technologies is more. 


important than the creation of new | — 
ones; this has become his personal | 
crusade, Bee oe 

“It’s not so much the money, it’s | 


where you address the best intel- | 
lects”, he says. “The staff list at | 
Harwell in about 1954 contained the oe 
cream of the cream; what a hell of a | 
risk that was”. The best Japanese | _ 
brains, meanwhile, were going into | 
the engineering and manufacturing | _ 
industries. “That’s why they're knock- |- 
hell out of us now”. a 
Thus Sir Ieuan finds himself “a bit | | 
of a renegade” on the Joint European | | 
Torus, because “if JET comes to [| | 
Britain it’s going to suck in another | _ S 
new generation of cream talent”— | 
talent that is sorely needed in the o 
engineering indystries. pos 














the three | _ 


During his time at 7 
ministries, Sir Ieuan has worked with ; 
seven ministers: Cousins, K i 


Rippon, Davies, Walker, Benn agai 
and Varley. His most stimulating 
was at Mintech, working with 1 
as minister and the formid&ble 
Richard (Otto) Clarke as Perma 
Secretary. 
He quotes two ‘main overall. con 
clusions? First, the tragedy of 1970 5 
when promising Mintech projects | 
were killed off ‘indiscriminately; 
clearly this still hurts. Secondly, the | 
fact that all the various micro- 
economic attacks on particular | 
industrial problems will be of litte p — 
benefit without a stable, healthy |- 
macroeconomic background. “Unless — 
you’ve got that”, he says, “tech- . 
nology will not flow”. a 








Norman in Washington ex- 


Colin 
amines the implicagions For nuclear 
power of last week’s energy proposals 
from President Carter 


“Tus has been an exceptional week”, 
President Carter declared last Friday 
during a packed press conference. In- 
deed it has. It began with a sombre 
televised address in which Mr Carter 
suggested that overcoming the energy 
“problem” would be a dittle like waging 
a war, and ended with a press confer- 
ence in which he defended his strategy 
for winning that war. The strategy 
itself was unveiled on Wednesday, and 
it has so far achieved the distinction 
of uniting commentators in their obser- 
vations that dramatic measures may be 
needed, but that some of Carter’s 
measures should be resisted. 

The strategy consists of a bold set 
of measures designed to curb Ameri- 
*cans’ seemingly insatiable appetite for 
energy by raising energy prices, taxing 
heavy users, and returning the revenues 
back into the economy in the form of 


@ rewards to people who conserve (See 


box). The plan is also designed to de- 
couple industry from its reliance on 
oil and gas by forcing more widespread 
use of coal, and it also attempts to 
encourage the use of light water reac- 
tors. The emphasis is on the near term. 

The proposals for nuclear power are 
particularly interesting. On April 7, 
Carter announced that, in the interests 
of curbing nuclear proliferation, the 
Administration will defer indefinitely 
its plans to reprocess commercial 
nuclear fuel and that it will sharply 
downgrade the breeder reactor pro- 
gramme. Last week, those decisions 
were spelled out in more detail, but 
at the same time, Carter made it clear 
that the Administration does not in- 
tend to turn its back on nuclear power. 
Far from it. Carter in fact announced 
that the Administration will seek to 
remove gome of the roadblocks to 
licencing” nuclear plants, step up 
attempts to find suitable burial sites for 
nuclear wastes, and completely change 
direction on uranitim enrichment by 
building a large new enrichment plant 
using gas centrifuge technology instead 
of the present gaseous diffusion process. 

The intention, in short, is to rely on 
light water reactors, without plutonium 
recycle, to meet a growing share of 
energy needs for at least the next 25 
years, but to keep the breeder reactor 
effort ticking over as insurance against 
the possibility that the United States 
will need to move into the plutonium 





o 
° 


economy early in the ngxt century. 
According to officials of the Energy 
Research and Develobment Administra- 
tion (ERDA), the number of light 
water reactors in the United States is 
expected to grow steadily from the 
present figure of 63 to between 300 and 
400 by the turn of the century. 

The nuclear strategy rests on some 
critical assumptions, however, perhaps 
the most important of which involves 
the size of the United States’ uranium 
reserves. Proven reserves now amount 
to about 1.8 million tons, which would 
be sufficient to fuel about 300 reactors 
throughout their  lifetimes—barely 
enough to meet ERDA's projections 
fore domestic nuclear expansion this 
century, with none left over to meet 
contracts from abroad. ERDA is, how- 
ever, launching an intensive pro- 
wramme to assess uranium reserves 
more accurately, and acting ERDA 
Administrator Robert Fri said last 
week that he is “‘guardedly optimistic” 
that proven reserves will swell to about 
3.7 million tons. There is some question, 
however, whether the? electricity in- 


The central feature of President Carter’s 
energy strategy is a carrot-and-stick 
arrangement of rewards and penalties 
designed to break the country’s addiction 
to vast quantities of energy. The carrot 
comes in the form of an assortment of 
tax breaks and other financial incentives 
for people who insulate their homes, buy 
small cars or install solar heaters. The 
stick is a complex set of proposals which 
will lead to higher energy prices, and 
the threat of stiff taxes on gasoline and 
on gas-guzzling cars. The goal is to 
reduce the growth in energy demand 
from its present level of about 3.5% a 
vear to about 2%. 

Coupled with those efforts to stimulate 
conservation is a series of proposals de- 
signed to increase the use of coal and 
light water reactors. Longer-term energy 
supply options will also receive modest 
increases in research support, but the 
emphasis is mostly on efforts likely to 
produce relatively quick results. 

The major elements of the plan: 

Oil and gas prices: A complex set of 
taxes coupled with price increases for 
newly-discovered domestic crude oil 
would canse oil and gas prices to in- 
crease until they “generally reflect the 
true replacement cost of energy’. At 
present, prices are kept artificially low 
by a variety of controls. 

Gasoline taxes: Unless gasoline consump- 
tion is reduced according to specific 
targets, tax increases of 5 cents per 
gallon will be imp@sed each year, begin- 
ning Jn 1979, until the total tax reaches 
a maximum of 50 cents. 

Gas guzzler taxes: New cars which fail 
to meet gasoline consumption standards 
would be heavily taxed, and the revenues 
would be returned in the form of rebates 
to people who buy more efficient cars. 
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dustry, faced with» uncertainties in 
long-term uranium supply and with no 
guarantee that plutorfium recycle will 
be available to help stretch nuclear 
fuel supplies, will be enthusiastic about 
purchasing nuclear plants. - 
As for the breeder reactor ppo! 
gramme, there is still some confusion 
about the Administration’s intentions. 
One thing is certain, however: the 
effort is being sharply cut back and it 
no longer occupies pride of place as 
the top priority programme in the 
United States’ enefgy research and 
development effort. Last week, Carter 
proposed that the programme’s budget 
be reduced by $173 million next year, 
in addition to a cuf of nearly $200 
million which he proposed in February. 
The plan now is to complefé the fast 
flux test facility, a test reactor now 
under construction in Washington, but 
to defer, indefinitely plans to build a 
large demonstration reactor on the 
Clinch River in Tennessee. That pro- 
ject, which was to have cost more than 
$2,000 million, will be redirected to 
focus on alternative breeder reactor 
designs which present less of a proli- 
feration hazard. The exact nature of 
the programme has not yet been 


For example, 1978 model cars “which 
get less than 12.5 miles per gallon would 
carry a tax of $449, while those which 
get more than 39 miles per gallon would 
be given a rebate of $473. By 1985? 


cars with those consumption levels 
would carry taxes and rebates of 


$2,488 and $493 respectively. 

Insulation and Solar heating: All new 
buildings will have to meet insulation 
standards. Homeowners who insulate 
their houses would be entitled to income 
tax credits of 25% of the first $800 and 
14% of the next $1,400 spent on con- 
servation . measures. Similarly, people 
who install solar equipment before 1985, 
would be able to claim 40% of the first 
$1,000 and 25% of the next $6,400 as 
a tax credit. 

Nuclear power: Light water reactors 
without plutonium recycle will have an 
increasingly large role, New gas centri- 
fuge plants will be built to enrich 
uranium for reactor fuels, more funds 
will be pumped into efforts to find suit- 
able waste disposal sites, and an attempt 
will be made to reduce the present10-year 
licencing process for nuclear plants to 
3 years. 

Coal: Many industrial facilities would be 
forced to switch from oil and gas to 
coal, and they would also be required 
to use the best available technology to 
centrol pollutants. Research and develop- 
ment on processes designed to produce 
synthetic oil and gas from coal would 
be stepped up. In addition, Carter will 
establish a commission to report by 
October this year on the health effects 
associated with mining and burning large 
quantities of coal. And a new research 
programme, costing $3 million, will*be 
launched to look into the so-called green- 
house effect. 
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worked out, however, and Administra- 
tion officials suggest that it will be 
weeks, if not months, before it is. 

As for the plan to build a large 
centrifuge enrichmenmt plant, this 
again is coupled with Carter’s moves 
to curb nuclear proliferation. In 1974, 
the Uttited States closed its order books 
fom long-term supplies of enriched 
uranium to other countries because of 
projections that US enrichment capa- 
city would be used up. The move is 
said to have prompted Many countries 
to seek alternative sources of supply, 
and it may have ,been a key factor in 
persyading Brazil to negotiate the pur- 
chase of an enrichment plant from 
West Germany. Carter has „therefore 
announced that the United States will 
re-open its orde® books, and that a 
supply of enriched uranium will be 
guaranteed to those countries which 
renounce the development of nuclear 
weapons. 

To meet the projected démand, a 
large centrifuge enrichment plant will 
be constructed at a cost of some 
$4,400 million. So far, all US enrich- 
ment has used the gaseous diffusion 
process, and previous plans called for 
expansion of an existing diffusion plant 
at Portsmouth, Ohio. Administration 
officials say, however, that the gas cen- 
trifuge process, which has bgen de- 
velopefl in secfecy at Oak Ridge, 
Tennessee, is now ready to be com- 
mercialised. So far, however, no site 
for the new plant has been chosen, 
though hints that it may go to Oak 
Ridge, to compensate for cancellation 
of the breeder reactor project there, 
have sparked loud protests in Ports- 
mouth, 

In addition to relying on a modest 
expansion of nuclear generating capa- 
city, Carter’s plans for medium-term 
gnergy supply also envisage consider- 
able expansion in the use of coal. He 
has proposed measures to force industry 
to convert from oil and gas to coal, 
announced large increases in research 
and development efforts aimed at pro- 
ducing synthetic oil and gas from coal, 
and recommended a number of regula 
tions to reduce the environmental con- 
sequences of such an expansion. 

There is, however, one potential en- 
vironmental problem which could 
prove intractable: the so-called green- 
house effect which may lead to changes 
in the global climate from large in- 
creases in atmospheric carbon dioxide. 
Carter announced last week that a 
major study of the greenhouse effect, 
costing $3 million, will be launched 
this year. : 

Carter’s energy plan will now be 
picked over on Capital Hill, and al- 
ready special interest groups are claw- 
ing at it. The debate is likely to rage 
for the rest of this year. m 


GEOS. 








Hope from despair? 





Stuart Sharrock ,in Washington and 
Chris Sherwell in London report on the 
ill-starred launch of Geos, the Euro- 
pean Space Agency’s scientific satellite 


On Tuesday of this week a group of 
space scientists and another of space 
engineers met separately on opposite 
sides of the Earth to discuss an event 
that occurred above the globe halfway 
between them. Last Wednesday, 
twenty minutes after a Thor-Delta 
2914 rocket had taken off from Cape 
Canaveral only 0.2 seconds later than 
its scheduled lift-off of 05.15, the hopes 
of 11 research institutes froh eight 
member countries of the European 
Space Agency turned to despair as a 
malfunction during the separation of 
the, second and third stages of the 
rocket caused the third stage to 
separate early. It meant that the pay- 
load, the world’s first geostationary 
scientific satellite known as Geos, could 
not achieve it, planned orbit and that 
seven experiments which took years to 
prepare might no longer be done. 

In fact the despair looks as though it 
may have been premature. For al- 
though the engineers from the rocket 
manufacturers McDonnell Douglas 
gathered in California to discuss the 
Delta’s acknowledged failure, the 
scientists who met at the ESA’s Space 
Operations Centre at Darmstadt in 
West Germany did so a little? more 
optimistically. On the previous day 
Geos had been placed in an elliptical 
orbit whose apogee, at 38,498 km, was 
easily as high as the originally intended 
circular orbit, 

The difference, of course, was that 
the new orbit, not being geostationary, 
would not allow the satellite to be 
permanently within sight of the Darm- 
stadt ground station. It is understood, 
however, that not all the data obtained 
over each 24-hour period would have 
been used anyway. The new elliptical 
orbit, selected to maximise the rgturn 
of scientific data, has a* perigee of 
2,131 km and an inclination of 26.85°. 
It is traversed every 12.06 hours by 
the satellite, which could now be 
within sight for some 10 hours a day. 

As the scientists gathered to decide 
which experiments to pursue and data 
to collect, ESA officials were pleased to 
have retrieved, if only parttally, a 
mission which at first looked on the 
very edge of disaster. The spacecraft 
and third stage assembly should have 
spun up to 97 revolutions per minute 
before separating from tthe second 





stage. This spin stabilisation would — 
have ensured that the third. - 
an accurate trajectory duri 
without it, the spacecraft 
around into the wrong orbit, tho 
was stabilised soon thereafter, 

The spacecraft could not have been: 
allowed to stay indefinitely in this s0- 
called transfer orbit because it went — 
through zones of high radiation which 
might endanger the experiments and 
decrease the total active lifetime of the 
spacecraft. To stay in that. orbit. also” 
served no useful purpose: it was not 
on the magnetic field lines: connected 
to the auroral zones of the Arctic and 
Antarctic, and the experiments. would 
probably not work with the feld and 
particle intensities so high. | 

The original intention was that the 
spacecraft should be injected into an 
elliptical transfer orbit (apogee 35,500 
km, perigee 230 km) and then be. 
boosted on the fourth apogee to a 
circular orbit synchronised with the 
Earth below. That the European-built 
solid-propellant apogee booster motor- 
responsible for. this task placed Geos” a 
in the elliptical orbit it now occupies is™ 
a cause for comfort, even though the 
motor could not be used twice to. 
achieve a circular orbit. But then so 
much could so easily have gone wrong. 

The effect, ironically, is that Geos is. 
now placed in a fashion that had been 
expected of the ESA’s spare ‘qualifica- 
tion’ geosynchronous satellite which was 
due to be sent up in 1979 atop a> 
European Ariane launcher now being ~ 
developed. It remains possible that. this. 
back-up satellite will be upgraded: to. 
become the ‘true Geos’, but it will 
cost the ESA another 13 million units 
of account tp purchase the launch | 
from NASA—~a cost which 4s. 


under NASA’s no-loss-no-profit con 
tracts. Although the ESA Council jis- 
due to meet next week, itis unlikel 
to oS this idea of inverting ‘ 
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- Quarks out 
of the bag? 


IN a paper given at the* American 


Physical Society Spring Meeting in 
Washington DC, Drs W. M. Fairbank, 
A. F. Hebard and G. S. LaRue of 
Stanford have presented evidence for 
the existence of fractional electric 
charges. The experimenters emphasise 
| that they are claiming the existence of 
fractional charge; they do not mention 
quarks. 
* Their experiment is a sophisticated 
version of the classic Millikan oil-drop 
apparatus. A superconducting niobium 
sphere 0.25 mm in diameter is floated 
in a magnetic field and its net residual 
charge deduced by analysing its be- 
haviour in an oscillating electric field, 
the net charge can be altered by integer 
values of the electron charge e, by 
using a radioactive source. Fractional 
charges of $ e or 4 e carried by a quark 
would be detected as the sensitivity 
claimed is 1% of the electron change. 

The most severe background is 
electric and magnetic dipole moments 
on the spheres which mimic the effect 
of a fractional charge. These dipole 
backgrounds are now understood and 
have been eliminated, according to the 
experimenters. 

Of eight spheres measured, two show 
evidence of fractional charge: the first 
was seen last September and the second 
in mid-February. One had a measured 
residual charge of minus 0.331+0.070e 
which went to zero after handling at 
room temperature. A second sphere 
has a charge of plus 0.337+0.009 e. It 
has been measured on three occasions 
and the charge remained after the 
sphere was taken to room temperature. 

Preparation of the spheres includes 
heat treatment during which five 
spheres were supported by niobium and 
three by a tungsten substrate. The two 
spheres showing fractional charges 
came from the tungsten substrate set. 

Why have all other quark searches 
been fruitless? In an interview with 
Nature, Dr Fairbank argued that 
searches have only been carried out on 
a limited variety of materials. If quarks 
were released in extremely energetic 
events during the early stages of the 
universe one can speculate that they go 
through some unknown evolutionary 
process to end only on heavy elements. 

Initial reaction to the announcement 
is firstly surprise that quarks could be 
so abundant as to show up on two out 
of only eight spheres, and secondly 
| amazement that an antiquark is seen. 

The experiment cannot distinguish 
| a residua] charge of +}e from —fe. 

Tf these quarks are genuine they will 


ae _ challenge much recent theoretical work. 


resent understanding | of quarks inside 
: protons ise that. they are light and bound 





require an infinite amotint of 
vy free quarks. could be 
ii A site theory but 
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‘the Stanford team 
-PN more spheres; in- 
ig ing the ‘significance. of their 
ode of production and evaporating 
he material to separate and collect the 


charges. 
Be Stuart Sharrock 
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Brenner’s appointment 

‘The UK Medical Research Council 
(MRC) has announced that Dr Sidney 
Brenner will become leader of the MRC 
Laboratory of Moleeular Biology (Hills 
Road) in Cambridge on the retirement 
of Dr Max Perutz in 1979, 

The news is liftle surprise for those 
who have heeded the rumours that 
followed an internal MRC report 
produced last year on the future of 
Hills Road, suggesting a radical change 
in organisation. The MRC has followed 
this, for whereas Dr Perutz was chair- 
man of the Governing Board of the 
laboratory, Dr Brenner is to be its 
Director. 

The Governing Board at present 
consists of Dr Perutz, Dr Hugh’ Huxley 
(whose, appointment as Deputy Chair- 
man has also been announced), Dr 
Brenner, Dr John Gurdon, Dr Cesar 
Milstein, Dr Fred Sanger and Dr John 
Smith. It has been collectively respon- 
sible for the running of Hills Road, 
with no particular power being vested 
in the chairman. 

In 1979, however, the Governing 
Board will probably be disbanded. Its 
replacement, if any, is*currently under 
discussion, but whatever the outcome 
Dr Brenner is certain to end up with 
a good deal of power. What is more, 
several of the senior staff at Hills Road 
will have left by the time Dr Brenner 
becomes Director. Dr Francis Crick 
has recently announced that he is to 
remain at the Salk Institute where he 
is currently on sabbatical, and David 
Blowe has just taken up a chair at 
Imperial College, London. It is also 
rumoured that that two other senior 
members, both on the Governing 
Board, have their eyes on other posts. 

Another novelty for Hills Road is the 
fact that it is a shrinking laboratory. 
The staff is to be gradually pruned by 
25%, back to its 1972 level. 

All told Sidney Brenner will have a 
considerable challenge on his hands if 
he is to maintain the world-wide 
reputation of Hills Road during the 
course of his Directorship, which auto- 
matically lasts (as does the laboratory) 
unti 1987, when he is 60 years old. Dr 
Brenner was recently heard to say “I 
am going downhill and I am going 
with a lot of noise”. Only the second 
part of that statement is true. 


Atkinson for NSF, 


Richard Atkinson, a former professor 
of psychology at Stanford University, 
has,’ as expected, been named by Presi- 
dent Carter to be Director of the US 
National Science Foundation (NSF). 
Generally regarded as an effective 
administrator well versed in dealing 


with Congress, Atkinson has been 
Acting Director of NSF since August 
1976, when the previous incumbent, 
H. Guyford Stever, departed for a brief 
stint as science adviser to President 
Ford. Atkinson was deputy’ NSE 
director for 17 months before tat. 
A top-flight researcher in fields ranging 
from the development of memory to 
the application of computers to instruc- 
tion, Atkinsén is the first social 
scientist to be appointed Director of 
NSF. ° 


Whose poyer to choose? 
There is now “a unique and possibly 
unrepeatable opportunity” to bring 
international ‘action to regirect the 
worldwide use of nuclear power, 
according to Brian Johnson, author of 
a paper published by the International 
Institutes for Environment and Devel- 
opment, Whose Power to Choose? At 
a time when President Carter is 
committed to controlling nuclear pro- 
liferation and the US nuclear industry 
gets 70% of all nuclear power station 
orders, there should be the opportunity, 
he argues, to bypass the plutonium 
economy by assuring countries of fuel 
for the thermal reactors they need, 
safeguarding the imternationad com- 
munity from proliferation and creating 
programmes to develop alternative 
energy sources. ‘ 
To implement such proposals he 
suggests a reformed IAEA: its Depart- 
ment of Safeguards and Insfection 
should be strengthened, all nuclear 
facilities should be licenced with the 
IAEA to ensure security and environ- 
mental safety, and it should, enforce 
internationally agreed measures for 
waste disposal. A new energy agency 
could be developed, independent of tHe 
United Nations but with support from 
OPEC and the US, to look into ways of 
helping poor countries shed their 
dependence on oil and nuclear power 


by developing alternative energy 
sources. 

Uranium for Europe 

President Carter's statement in last 


week’s energy message to the US 
Congress that it was time “to resume 
uranium enrichment services” to 
Europe and elsewhere is likely to be 
well received in the European Com- 
munity. The Nine’s dependence on 
imported energy and on nuclear power 
was stressed heavily by the President 
of the European Commission, Mr Roy 
Jenkins, when he met Mr Carter 
earlier in Washington. Mr Jenkins ‘told 
Mr Carter that without adequate and 
assured supplies of enriched uranium. 
European countries would be more 
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tempted to invest in r€processing and 
fast breeders. . 

Supplies from the United States were 


-held up pending a review of US policy 
on nuclear exports: a total of almost 


2,900 pounds of uranium, for various 
destinations around the world, was 
involved. Canada, Europe’s other main 
supplier, has held up supplies too, 
pefiding full agreement on safeguards 
and nuclear exports. 


Preparing for 1979 


The ten members of the Committee on 
Science and Techmology in Developing 
Coutttries (COSTED)}—a grouping 
established within’ ICSU in 1966— 
gathered in London for a eouple of 
days last week fog their annual meeting. 
Among other things, they are under- 
stood to Rave discussed their position in 
relation to the forthcoming United 
Nations Conference on Science, Tech- 
nology and Development, taking the 
view that a non-governmental group of 
scientists ought to participate in their 
individual capacities. COSTED also 


Durinc the past ten years many 
writers have suggested that global 
pollution is the most serious hazard 
facing mankind. They say that if we 
insist on economic growth and further 
industrialisation and on using more 
energy, catastrophic environmental 
degradation is inevitable. This was the 
message of The Limits to Growth 
and A Blueprint for Survival. lt 
would be foolish to deny that pollu- 
tion is a problem, or that new 
industries may give rise to serious 
damage. We should welcome attempts 
to regulate developments such as 
those set out in “Suggestions for the 
development of a hazard: evaluation 
procedure for potentially toxic chemi- 
cals’, a memorandum from the 
Monitoring and Assessment Research 
Centre (MARC) at Chelsea College, 
London. But we should also recog- 
mise that many new techniques are 
much less polluting than those which 
they replace, and that any alleged 
correlation between the use of energy, 
or a rise in GNP, with pollution, is 
spurious. 
In fact, changes are often in the 
-other direction. London’s air is 
cleaner in 1977 than it was in 1877, 
though the population has increased 
and far more energy is consumed. 
In their recent book, The Next 200 
Years, 
leagues of ¢he Hudson Institute sug- 
gest that vastly increased economic 
growth and energy consumption will 
be needed to ensure global cleanliness. 
The same view is, in effect, held by 


Herman Kahn and his col- , 


hopes to help in the preparation of 
papers by developing countries. 

+ 
UK vacancies 
During 1976 the British Civil Service 


had vacancjes for about 340 scientific- “ow rift ; 


officers at grades up to Senior Principal 
Scientific Officer.” About 11,000 appli- 
cations were received, but even so only 
250 appointments were made, the Civil 


Service Commission ‘says in its annual- 


report. It seems that recruitment of 
scientists is a particularly tricky busi- 
ness; as many as 50% of those made 
offers decline to take them up. 

Public expenditure cuts obliged a 
number of major departments to with- 
draw entirely from recruitment in the 
second half of the year. 


Concorde’s noise 

A gloomy report on Concorde noise 
levels has emerged from a working 
group of the Noise Advisory Council 
(HMSO, 50p). So gloomy in fact that 
the Secretary of State for the Environ- 
mest, who is chairman of the council, 


the British government. Thus drastic 
measures are set out in the Control 
of Pollution Act passed by Parliament 
in 1974 which was intended to acti- 
vate the law to reduce all types of 
environmental pollution. However, 


Pollution economics 
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many of the most important sections 
of the Act have not yet been brought 
into operation. 

It is generally agreed that, in 
Britain asein ‘most industrialised 
countries, river pollution is the most 
serious problem. We know how our 
fresh Waters could be improved, and 
we have the methods to do so. Yet it 
is just those provisions which would 


spedifically states, that the views 
expressed Are those of members of the — 
council only and not of the Secretary: 
of Sgate. ae 

The first operational 
Concorde noise at. He we: 

mer of 1975, They. 
to be on repeal : 


figures for - 












a wone yee : 
provement ofa 
pected in cooler — 
ilots became mare i 


were told: th 
few dB coul 
weather and when 
experienced, i 

Operational ipere: for eight io ; 
of commercial operations: are now 
available. The working group consider 
there has been little or no improve-~ 
ment on the 1975 figures; and. suggest _ 
that the only way to improve Heath- 
row’s noise climate would be to ban 
Concorde at night and in the evening — 
and early morning, to restrict other 
jet flights at night still further, and to 
require Concorde operation to balance ” 
its increased noise with reductions. in 
flights of other noisy aircraft. 


most affect our rivers which are in |. 
abeyance, and this is because our 
economic record is so dismal and our |- 
growth so slow. Mr Denis Howell , 
on behalf of the Secretary of State. 
for the Environment, confirmed this 
in Hansard on 17 February, when he 
informed Parliament that Imple- 
mentation of the remaining pro- 
visions [of the 1974 Act] has been 
delayed because of present con- 
straints on public expenditure but. 
will take place as soon as possible”, | 
This lack of legislative progress is” 
disappointing, but is it important? 
All the evidence suggests that, during 
recent years, our dirtiest rivers have [© 
continued to improve even without. 
the force of the new law. Every year 
more species of fish return to the 
Thames, and we now have a report. 
that there is a healthy population of ts 
three-spined sticklebacks in the River | — 
Clyde off Glasgow Green-—the first 
instance of fish breeding in this area 
for over a hundred years. Rven: with 
their limited resources aifthoriti¢s p 
with the will to succeed have found a | 
way to improve the situation. To | | 
restore salmon and trout to the |- 
Thames and the Clyde will take time, |` 
and the expenditure of a great deal |- 
of money for more and better sewage. | 
treatment. Only industrial growth or |> 
a drastic reorganisation of our |- 
economic system can supply the 
funds. To try to enforce regulations 
for which money is not available is 
a recipe for chaos, not for a clean 
environment. : ° 








capacity commercial reactors” 
< lation to 


Scot ish science 
Sir,—Martin Goldman’s distaste for 
the idea of devolution in Scotland 
(17: March, page 208) should not Jet 

im- mislead readers by saying that 

Scotland does well out of grant-giving 
bodies such as the Medical Research 
Council. (MRO). 
The MRC spends 8.6% of its 
budget in Scotland which has 9.7% of 
the UK population (Hansard 18 
December 1975) and if the figure were 
based on he number of medical 
students or teaching staff it would be 
17%. 

I am told by those who ak the 
MRC that the reason the Scottish 
figure is low is that Scottish applica- 
tions are rare, and that the reason 
for this is that the Scots believe that 
the cleyer people in London are more 
“deserving of the money. The only cure 
for this affliction of the spirit is 
devolution or federalism. 

Finally, Dr Goldman’s view that 
“devolution or federalism cannot work 
will be read with amusement in North 
America. 





Yours faithfully, 
D. N. M. HAMILTON 
Department of Surgery, 
Western Infirmary, 
Glasgow, 
Scotland 


Nuclear irrationality 


Sir,—My brief essay “Nuclear Power, 
Public Interest and the Profesisonal’” 
was essentially a plea for critical 
rationality (and the consequent anti- 
authoritarian approach) in the way 
society evaluates nuclear power. Two 
© Jetters?*, present critical comments 
. which I think are partly irrational. 

- Dr Grantham makes several mis- 
< leading statements. One example is the 
 commenteon small reactors and “bomb- 
in re- 
ae “a few microgrammes (of 
oe plutonium) can kill fou”. Another ex- 
ample is “the (nuclear) battle 1s one- 

- sided. _Pronuclear propagandists are 
aid: the dSpposition is not”. Apart 
rom. pointing to the falsehood in the 
atter part of this statement, I em- 
asise that I do not look at the nu- 
ar debate. as a battle. My essay was 
ttempt to get at the facts and to 
phasise the need for a rational. de- 
te on all “sides”. 

Dr Grantham has also chosen to 



















disregard completely almost all my 
basic points. He states that “nuclear 
industry representatives seem to want 
to exclude biologists, environmentalists 
and the general public from the con- 
troversy”, and “instead of trying to 
restrict the discussion fo experts we 
should indeed extend it to everyone”. 
In this connection I refer to two of my 
statements: “‘Probably no technologi- 
cal decision in the history of mankind 
has been the subject of so many de- 
tailed studies, so much open discussion 
and such broad participatio”, and 
“The gcale and timing of the intro- 
duction of nuclear power is a major 
and complex decision. In a demo- 
cratic society such decisions are not 
left to technological experts but to 
elected political officials”. 

Dr Grantham objects to what he 
calls my “suggested dichotomy: 
reasonable, rational and valid” versus 
“irrational, emotional and ethical”. 
Again a quote from nfy essay is rele- 
vant: “Clearly, a number of irrational, 
emotional and ethical factors may be 
and should be of importance in a 
choice of power plants for the pro- 
duction of electricity”. 

On the role of scientists in public 
debate, Dr Anfinsen states that “‘any- 
one but the most naive petition-signer 
must understand that sponsors of socio- 
scientific news releases are, and always 
will be, selected on the basis of the 
fact that the general public tend to be 
influenced by fists of the names of 
‘dignitaries’ ”. This is precisely the basis 
for my criticism of petition signers 
using their titles when these are irrele- 
vant. to the matter. For example, a 
responsible nuclear physics professor 
will know if his personal background 
justifies him speaking on the nuclear 
energy question as a nuclear physicist 
(with a consequent intended and justi- 
field substantial impact on politicians 
and the public), or if he ought to speak 
as Mr J. Q.. Public. Hence my plea that 
specialists should not mislead the pub- 
lic by carrying their specialist back- 
ground as a flag in unrelated issues. 

Incidentally, in referring to E. 
Rabinowitch (for whom I have great 
respect) as “a person concerning whose 
judgement and expé@rtise én the area of 
scienceand public policy no one would * 
quibhle”, Dr Anfinsen appears to em- 
brace precisely the authoritarian ap- 
proach which parts of my essay were 
directed against. 

For Dr Anfinsen, as for myself, the 


question of a connection between 
nuclear power and potential nuckar 
wars is a key issue. It deserves not 
only the religious and emotional con- 
siderations put forward by Dr Anfin- 
sen and the National Council of 
Churches of Christ in the USA, but 
also our utmost rational efforts to 
reduce the risk of such wars, wrth or 
without nuclear power. I fail to under- 
stand the ratfonality of distracting pub- 
lic attention from the all important 
issue of nuclear disarmament by ex- 
pending substantial efforts off stopping 
the peaceful uses of nuclear power, 
which probably decrease rather than 
increase the risk of war. 

Finally, I offer, upon Dr Grantham’s 
request, my definition of rationality: 
to be rational and reasonable is to apply 
flexibly the control of our knowledge 
and our theories to our actions, so that 
we can perform the continuous trial 
and error process required for improv- 
ing our adaptation to. the environment 
by way of critical argumentation, thus 
reducing the need to. subject our phy- 
sical beings to those vagaries of* nature 
and emotions which are harmful. 

The place of facts in the world of 
human values should be set by the 
values, but facts cannot be changed by 
values. 

Yours faithfully, 
JAN M. DODERLEIN 
Institutt for atomenergi, 
K jeller, 
Norway e 


1 Doderlein, J. M., Nature 264, 202 (1976) 
2 Orantham, R., Nature 265, 100 (1977) 
3 Anfisen, C.B., Nature 265, 492 (1977) ° 


Requests for reprints 


Sir,—Would you publish an appeal to 
scientists throughout the world on a 
matter which is on the one hand ex- 


etremely trivial but on the other could 


eliminate a nuisance. I refer to the 
request for reprints by fellow scientists, 
Besides the cost of mailing these re- 
prints, it is time consuming to cut out 
addresses from post cards, glue them 
onto envelopes, decipher poorly writ- 
ten names and very often have to 
write the whole address by hand or 
typewriter. It would make life so 
much easier if requests in future car- 
ried a stick-on label as a few from 
considerate colleagues adready do. 
Yours faithfully, 
F. ECKSTEIN 

Max-Planck-Institut für 

Experimentelle Medizin, 
Göttingen, West Germany 
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news and views 





F ormation of planetary atmospheres 


from Robert Hutchinsan 


THE inner planets are usually con- 
sidered as having formed by the 
accretion of solids at least part of 
which could release a volatile fraction 
when heated. Outgassing: fram hot 
interiors would then have led to the 
formation of atméspheres. To under- 
stand the development and evolution 
of a planet’s atmosphere therefore, 
the bulk chemical composition of the 
primitive material from which the 
body was built must be established. 
This is not an easy task; the bulk 
composition of the best known 
planet, Earth, is still disputed today. 
¿During the past 10 years, cosmo- 
chemists, largely led by Anders’ 
group at Chicago, have found that 
many meteorites are composed of 
fractions each representing stability 
at a particular temperature /prgssure 
conditién. Heterdégeneity in meteor- 
ites led to the idea of heterogeneous 
accretion of planets (Harris & Tozer 
Nature 215, 1449; 1967: Turekian & 
Clark Earth planet. Sci. Lett. 6, 346; 
1969). 

Essentially, the Earth is thought to — 
have formed by growth of a small 
body composed of refractory Fe~Ni 
metal and/or Ca~—Al-Ti-rich oxides 
and silicates. As it grew, lower tem- 
perature Mg—Fe silicates were added 
until, lastly, accretion ceased with the 
addition of a hydrated, low tempera- 
ture veneer. Heating of the veneer 
released water for our oceans and 
gases for our primitive atmosphere. 
Like many theories in planetary 
science, heterogeneous accretion is 
not without its critics. And the 


largely qualitative treatments of the 
1960s are now being quantified. 

It is against this background that 
the paper by Rasool and Le Sergeant 
in this issue of Nature should be 
viewed (page 822). The Viking 
landers obtained an estimate of the 
chemical composition of the martian 
atmosphere, so there is now reliable 
information on the atmosphefes %f 
two inner planets which must be 
accommodated in any model of 
atmospheric development. Using the 
simplest treatment, Rasool and Le 
Sergeant assume the terrestrial and 
martian atmospheres to be essentially 
closed systems. They begin by look- 
ing at the better known Earth and 
attempting to find a suitable source 
material for the volatiles. Carbon- 
and water-rich carbonaceous chon- 
drite meteorite is rejected because the 
Earth’s atmosphere has too much 
“Ne and other heavier inert gases 
relative to C (and H). Instead, the 
volatile-poor LL group of ordinary 
chondrites is chosen as it gives a 
better match, especially for the inert 
gases. It is argued that a 116-km 
thick veneer of LL group chorftrite 
could have been outgassed to produce 
oceans and atmosphere. 

When a similar model is applied 
to Mars it is found that the quantity 
of LL group chondrite required to 
produce the atmospheric *“*Ar content 
would produce more N, C and H 
than are observed in the atmosphere. 
The amounts of “Kr and “Xe agree 
with the Ar abundance. Rasool and 


Le Sergeant go on to argue that if 


Redox potentials of iron-sulphur clusters . 


from A. J. Thomson 


THE non-haem iron proteins consisting 
of clusters of iron and sulphur are known 
to be involved in a wide range of bio- 
logical processes from steroid hydroxy- 
lation and CO, and N, fixation to oxi- 
dative phosphorylation and photo- 
synthesis. Theythave been isolated from 
obligate anaerobic bacteria, aerobic 
bacteria, algae, plants and all animals 
so far investigated. Their single most 
important function is the catalysis 
of oxidation/reduction reactions and 


the transport of electrons to reaction 
centres. 

For this reason the range of redox 
potentials exhibited by the Fe-S clusters 
is of great interest. elt is now emerging 


¿hat proteins containing a common 


structural Fe-S centre can have “widely 
differing redox potentials. For example 
the high potential iron protein (HIPIP) 
from Chromatium yvinosum and the 
bacterial ferredoxin from Peptecoccus 
aeragenes are close structural relatives. 





the N, C and H are not in the 


atmosphere, they may be in the 
regolith or on the martian surface; 
for example, H may be present as 
polar water ice up to 40-m thick. 
Near surface volatiles could: be tem- 
porarily released to form an atmos- 
phere of CO, and HO with surface 
pressure of 400 mbar. 

Finally, the high Ar content of 
the martian atmosphere is considered 
in the light of the low upper limit 
(0.25%) for K in the martian surface 
(“K is the radioactive parent of 
Ar). Because the martian surface is 
apparently not as enriched in K as- 


is terrestrial continental crust (but® : 


compare oceanic tholeitic basalt, with 


less than 0.1%K) Rasool and Le 


Sergeant argue that “Ar on Mars has 
come from a greater thickness of 
material than the other volatiles. H — 
is also implied that K has not been 
concentrated upwards on Mars due 
to lack of complete melting in this 
planet. 

It is likely that Rasool and Le 
Sergeant’s paper will prove to be 
controversial. A probable line of- 
attack is that terrestrial O isotopic 


ratios define a chemical fractionation =” 


line enriched in “O relative. to LLE 
group (and other) ordinary chondrites. 
(Clayton et al. Earth planet: Set... 
Lett. 30, 10; 1976). This argues. 
against an LL group origin for. ter- 


restrial volatfles, but for the före- 


seeable future; martian O isotopit oe 
ratios will remain enna see 


° et doe 
The former contains a single cubane-type 
four-iron sulphur cluster [FeS.-(S-Cys),] 
whereas the latter possesses a pair of _ 
these units. However, functionally they 
are very different. HIPIP in the oxidised — 


form gives an EPR signal which is 


abolished on reduction, and the mid-point 
potential of this process is +340 mV. By 
comparison. the bacterial ferredoxin ex- 
hibits a one-electron reduction also but to 
give an EPR signal in "the reduced state 
only and with a mid-point potential 




















+ 
of about—400 mV. These puzzling ob- 
servations were neatly explained by a 
hypothesis due to Carter et al. (Proc. 
natn. Acad. Sci. U.S.A. 69, 3526; 4972) 
which suggested that the clusters in the 
two proteins were undergoing reversible 
redox changes between two different 
oxidation states, in the following manner 


C~ Ce 
(paramagnetic) (diamagnetic) 
[Fe ,S (S—Cys),]-<>[Fe,S ,(S—Cys) 7 
HIPIP oxidised HIPIP reduced 
i Ferredoxin oxidised 


Cs- 
(paramagnetic) 
<> [Fe,8 (S-Cys),?~ 
Ferredoxin reduced 


It is not therefore to be expected that 
the two proteins will show similar mid- 
“point potentials or EPR characteristics. 
The three-state hypothesis was quickly 
given confirmation by Cammack (Bio- 
chem. biophys. Res. Commun, 54, 548; 
1973) who showed that HIPIP could be 
further reduced by dithionite to the C*~ 
state termed the super-reduced form of 
HIPIP in the presence of more than 70%, 
» OY volume of dimethylsulphoxide which 
* serves to unfold the tertiary structure 
of the protein. This demonstrated that 
the protein environment prevents further 
reduction or oxidation of the cluster, 
® ensuring that only single electron trans- 
fers are carried out by the protein. Sub- 
sequently it was shown that in the pre- 
sence of ferricyanide the bacterial ferredo- 
xins can be super-oxidised to produce 
an EPR signal similar to that of oxidised 
HIPIP (Sweeney et al. Biochem. biophys. 
Res. Commun. 59, 188; 1974). 

Although crystal structures are avail- 
able for both HIPIP and the bacterial 
ferredoxin from Peptococecus aerogenes 
it is not clear what features of the pro- 
tein environment control the redox 
potential of the cluster. In the past 
eighteen months two new examples of 
iron—sulphur proteins have been in- 
vestigated which show tHat the control by 
the protein environment is remarkable. 
The first example is a protein from 
Azotobacter vinelandii, Fdl, which has 
been obtained in crystalline form and 
shown to contain two four-iron clusters. 
(Sweeney et al. J. biol. Chem. 250, 7842; 


©- 1975). AÌ isolated the protein shows an 


EPR signal very similar to that from 
-super-oxidised bacterial ferredoxins. The 
signal disappears on photorgduction 
with spinach chloroplast fragments with 
a mid-point potenjial of -420 mV. Ap- 
| parently the cluster is undergoing the 
~C> to C*~ reduction with a mid-point 
potential ~ 760 mV below that of the 
HIPIP cluster. Furthermore, oxidation 
of Fdl with ferricyanide produces an 
EPR signal on uptake of one electron 
but with a mid-point potential of -+350 
mV. It is conclitded that 4. vinelandii 
Fadl is the first example of an iron- 


v 
sulphur protein which contains two 
clusters functioning between *the same 
pair of oxidation states as HIPIP but 
with mid-point potentials 760 mV apart. 
+ The second, and more recent, example 
is seen in three ferredoxins (FdI, Fdl’ and 
FdIf) extracted from the “sulphate re- 
ducing bacterium, Desulphovibrio gigas 
(Cammack et al. Biochim. biophys. Acta 


490, 311; 1977). With molecular weights - 


of 18,000, 18,000 and 24,000, respectively, 
the three proteins appear to be oligomers 
of a basic unit of molecular weight 6,000 
containing one four-iron cluster. By 
monitoring the appearance and disap- 
pearance of the C~ and C*~ states with 
low temperature EPR measurements 
the mid-point potentials of clusters 
within the three proteins have been de- 
termined. Their values are summarised 
below. 

Fdl Fdl’ Fdll 


i -50 mV | -30 mV |-130 mV 


1 | _455 $ -130 mV |-437 nV 


The three ferredoxins differ markedly 
in the intensities of the various EPR 
signals leading to the conclusion that 
Fdl undergoes reduction between C?~ 
and C*#~ states, Fdll between C7 and 
C?~ states and Fdl’ can be produced in 
both C~ and C*~ states. There is no 
evidence that a single cluster can re- 
versibly change between all three oxi- 
dation states. A more plausible inter- 
pretation is thought to be that in some 
subunits of the protein the four-iron 
centr® undergoes the C~/C?~ transition 
whereas in other subunits of the same 
protein the C*~/C3~ transition can take 
place. 

Although the three-state hypothesis 
undoubtedly correctly assigns the oxi- 
dation states to the clusters, the very 
property it sought to explain—the dif- 
ference between the redox potentials of 
HIPLP and bacterial ferredoxins—re- 
quires more subtle interpretations in 
the light of these new results. Several 
mechanisms for the control of the cluster 
redox state by the polypeptide have been 
discussed. It has been shown that the 
cluster geometries in oxidised and re- 
duced Chromatium WHIPIP are signifi- 
cantly different. This led to the suggestion 
that the size and shape of the cluster- 
binding cavity might be designed to 
favour one oxidation state. (Carter et al. 
J. biol. Chem. 249, 6339; 1974). Al- 
ternatively, a given “oxidation state could 
be stabilised appreciably by the for- 
mation of hydrogen bands between the 
cluster and the protein. Carter and 
coworkers (op. cit.) have identified NH + 

.S hydrogen bonds in their crystal 
structure determination of HIPIP. Finally, 


+ 
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it may be significant that the newly 
discovered examples are all of proteins 
containing more than one cluster. It 
could be, as Sweeney, Rabinowitz and 
Yoch suggest, that inter-cluster inter- 
action is strong enough to modify mid- 
point potentials. The study of water- 
soluble model compounds could pro- 
vide some interesting comparative data* 


New light on 
old mesons 


from Pefer J.” Litchfield 


THE excitemept generated in the high 
energy physics community ty the dis- 
covery of the #/J mesons and the 
emergence of the ‘new physics’ of 
charm has tended to overshadow devel- 
opments in the field of conventional 
meson spectroscopy. However, new 
results from a partial wave analysis of 
the reaction pp 7r*7", just published 
by a Queen Mary College, Daresbury 
Laboratory and Rutherford collabor- 
ation (Phys. Lett. 67B, 117; 1977), have 
shown that the old-fashioned charmless 
physics still has some surprises in 
store. The groups haye determined the 
spins and parities of three resonances 
with masses approaching those of the 
y mesons; by some way the heaviest 
conventional mesons with well-estab- 
lished quantum numbers. The states 
seem to lie on a daughter Regge ¢rajec- 
tory with unexpected properties which, 
if confirmed, could cause a major upset 
in our theoretical ideas. The minimum 
disruption would require a modifica- 
tion of the predictions of Regge models 
at high energies and momentum trans- 
fers. It could, on the other hand, be 
possible that these resonances are mani- 
festations of four quark ‘exotic’ states 
and signal the opening of a whole new 
branch of particle physics. 

The search for high mass resonances 
is complicated by their small branching 
fractions into any given final state and 
their large widths which result in strong 
overlapping of adjacent resonances. The 
only satisfactory experimental access to 
them is by way of formation experi- 
ments in which measurements of the 
differential cross sections and polarisa- 
tion parameters are made as a function 
of centre-of-mass energy. This enables 
the reaction to be decomposed into its 
constituent partial waves and thus en- 
ables resonances in a given spin partity 
(J®) state to be observed. The new dis- 
coveries have been made possible by 
high statistics measurements of * the 
differential cross sections and polaris- 
ations for the reaction pp->7*m in 


EDR + 
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the centre-of-mass energy range 2,020 
to 2,580 MeV made ‘at CERN by the 
QMC, Daresbury and Rutherford 
groups (together with physicists from 
Liverpool for the differential cross 
section data). They are the first mea- 
surements which are sufficiently precise 
to ‘enable a definitive partial wave 
analysis to be performed in pp annihil- 
ations. The analysis has revealed the 
presence of resonances at masses of 
2,150, 2,310 and 2,480 MeV/c’? with 
spin parities 3°, 4* and 37 respectively. 
The two lower mass. states have been 
observed before as bumps. in the total 
and elastic cross sections but this is the 
first “determination , of their quantum 
numbers. Š 

One method of classifying resonance 
states is to plot hem on a graph of 
spin versys mass squared where states 
are found to lie on straight line trajec- 
tories known as Regge trajectories. 
Figure 1 shows this plot for the domi- 
nant mesons found in produetion ex- 
periments, the p, ©, f, Az... together 
with the three new states, another pp 
resonance found at a lower mass (the 
S(1934) and a 1” state recently re- 
ported from an ete” annihilation 
experiment at Orsay. There are clearly 
two separate trajectories, one for the 
dominant mesons in production and 
one for the dominant mesons formed 
in pp annihilation experiments. ° 

The plot yields two surprises. First, 
the lower trajectory (called a daughter 
trajectory) is not parallel to the leading 
trajectory. Regge phenomenology has 
always assumed that trajectories are 
linear? and parallel. Although very 
closely linear, the slope of the daughter 
trajectory is considerably greater than 
that of the leading trajectory. This 
could have important consequences if 
the trend continues since at higher 
energies and momentum transfers the 
flew trajectory would dominate the p 
trajectory which is the only one usually 
retained in theoretical calculations. 

Second, it is puzzling that the domi- 
nant resonances in pprt” are not 
on the leading trajectory as is the case 
in all other known reactions. An ob- 
servation 1 by this same group from their 
data on pp elastic scattering taken as a 
by-product in this experiment (Nucl. 
Phys. B113, 1; 1976), indicates a poss- 


‘ible Berea In that reaction they 


find that there is a characteristic maxi- 
mum radius of interaction of approxi- 
mately 1.5 fm. If this is. also true in the 
mtm” reaction and we assume a simple 
impact parameter model where the 
angular momentum is given by the 
radius of interaction times the centre- 
of-mass momentum, then the maxi- 


‘mum angular momenta accessible at 
the’ resonance masses are those on the 
daughter trajectory. Resonances on the 
leading trajectory could not be formed. 


An diternative but much more specu- 
lative explanation is that the new states 
are qualitatively different from those 
on the p trajectory, that is, they are 
made up of two quarks and two anti? 
quarks rathgr than only one of each. 
Speculation on the existence of such 
exotic states has been rife in the the- 
oretical world for several years and 
there has recently been rather weak 
evidence that such’ states may be 
formed in e*e” annihilations around 
4.03 GeV (see Nature 266, 301; 1977) 
and in pp annihilations at 12 GeV/c 
(Phys. Lett. 66B, 185; 1976). Theoreti- 
cally pp formation experiments would 
be the ideal place to observe such states 
since an interaction in which a quark- 
antiquark pair was annihilated from 
the three quarks in the proton and 
three antiquarks in the antiproton 
would leave a state consisting of just 
two quarks and two antiquarkm » 

pp annthilations have long been 
advocated as the place to search for 
high mass mesons, It is only now after 
many years of effort that data of suffi- 
cient quality to realise these expect- 
ations have been obtained. Many 
questions remain. Does- the new trajec- 
tory continue linearly and overtake the 
leading trajectory, or does it eventually 
flatten out? Data at higher masses 
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could give the answer. Better data on- 
the K*K™ channel (also measured in 
this experiment but with much lower 
statistics) or on the 3r cMfannel would. ~ 
give access to states not available in. 
the mr channel. Do they have similar 
properties to those described here? 
Does the p just have a propensity to 
interact at a range of about 1.5fm or 
are these states truly exotic? The 
interest of high energy physicists in 
conventional meson spectroscopy hase 
been reawakened and already new 
experiments to investigate the pp sys- 
tem have been proposed. 3 
a J : 


Picornavirus RNAs are interesting ... 


and unique 
from T. J. R. Harris 


Apart from satellite tobacco necrosis 
virus RNA, picornavirus RNA mole- 
cules provide the only well estalflished 
exception to the ‘capping’ rule. These 
messenger RNA molecules lack the 
m'G(S’)ppp(S’)X. .. that is characteris- 
tic of so many virus specific and 
cellular mRNAs from eukaryotic cells 
(see Nature, 263, 188; 1976). 
Experiments with polynucleotide 
kinase, an enzyme from T4-infected E. 
coli which adds “P from y”P ATP to 
5’ OH groups, initially suggested that 
the 5 end of poliovirus RNA was pAp. 
The posstble endonuclease contamina- 
tion of the kinase preparation used 
made this experiment rather unsatis- 
factory and the discovery Of a 5’ cap 
on various virus mRNA molecules 
(particularly those of other animal 
viruses which have a genome that is 
a messenger RNA, Sindbis virus for 
example) led to a re-examination of 
the S’ terminys of poliovirus RNA, as 


*well as that of other picornavirus 


RNAs. ; 
Severa? papers have been published 
in the past year reporting the outcome 
of these. new investigations. It is clear 
that the 5’ terminus of 35S poliovirus- 


Sci, U.S.A. 74, 59; 1977) and Baltimore 


specific mRNA isolated from the- 
polyribosomes of infected cells is pUp.. 
On the other hand neither a nucleoside 
diphosphate nor a capping group was 
found on the RNA extracted from 
virus particles. As the genome RNA- 
presumably acts as a messenger RNA 
to initiate infection, this was a distinctly _ 
puzzling result. It is not surprising that : 
an. answer to’ the apparent paradox- 
was soon forthcoming. Wimmer’s _ 
group (Lee et al. Proc. natn. Acad, — 








and his co-workers { Proc. natn.. Acad, 
Sci. U.S.A. 74, 961; row hh 
evidence that there is a small prot 
(molecular weight around 7,000) 
valently linked to the 5’-nucleoside 
diphosphate. As well as explaining the ni 
difficuķy of finding a 5’ end, the pres- 
ence of the protein on nascent RNA — 
chains in the replicative intermediate 
has led both groups to speculate on a | 
role for the protein in RNA synthesis, 
although some function in virus particle 
morphogenesis is not discounted, 

Another interesting structural fea- va 
ture of picornavirus RNAs, unique — 
among animal virus RNAs, is provided 
by the RNA of virùses belonging ais) 
the cardiovirus sub-group. Like some 








TH 
plant virus RNAs such æ tobacco 
mosaic virus (TMV) and turnip yellow 
mosaic virus (TYMV}, cardioyirus 
RNAs can be aminoacylated in vitro; 
mengovirus RNA with histidine and 
encephalomyocarditis virus* (EMCV) 
with serine. The part of the RNA mole- 
cule which is aminoadylated has not yet 
been determined. In contrast the RNA 
of poliovirus and foot and mouth 
disease virus (FMDV), both members 
of different picornavirus sub-groups, 
cannot be aminoacylated. 

Although not containing a capped 5- 
end, RNA molecules from representa- 
tives of all the picornavirus sub-groups 
possess the 3’-terminal poly(A) charac- 


L 

teristic of a number of other virus 
mRNAs. In addition to poly(A) the 
RNA of the cardioviruses contains a 
poly(rC) tract. Until recently the loca- 
tion of this homopolymeric region in 
the RNA was not known. .[wo papers 
published at the end of last year now 
indicate that the poly(C) is very near 
the 5’-end of both EMCV RNA and 
FMDV RNA and there is the possibility 
that the sequence. is 5’-terminal. 

It will be interesting to determine 
the structural basis of these differences 
in the RNAs of the various picorna- 
viruses and to discover their functional 
significance in the replication of the 
viruses. ` Cc] 


Magnetostratigraphic pitfalls 


from George Kukla and J. D. A. Zijderveld 


CONTROVERSY iS growing over the 
existence of young excursions of the 
Earth’s magnetic field such as the 
Gothenburg event (Morner & Lanser 
eNature 251, 408; 1974). Are these 
features real? Are they true records 
of magnetic anomalies? Do they in- 
fluence climate (Fairbridge Nature 
o265, 431; 1977)? Or are they merely a 
product of overlooked natural or arti- 
ficial strata deformations (Thompson 
& Berglund Nature 263, 490; 1976; 
Opdyke Earth planet. Sci. Lett. 29, 238; 
1976)? The recently reported detailed 
study of Koobi Fora formation in 
Kenya (Hillhouse et al. Nature 265, 
411: 1976) shows that the magnetic 
reversal stratigraphy of Pre-Brunhes 
formation is not without difficulties 
either. With all these problems, can 
palaecomagnetic ‘magic’ still be taken 
seriously? 

The participants* of the steering 
committee session of Project 128 of 
the International Geglogical Corre- 
lation Program concluded at a meeting 
in Paris, last September, that it can. 
The project, a joint venture of 
UNESCO and of the International 
Union of Geological Sciences was 
organised to foster intercorrelation of 
magnetosfratigraphic zones with re- 
gional stratigraphic systems and radio- 
metrically dated levels. It is a 
continuation of former IGCP Project 
PA.70.17 (see Kukla & Nakagawa 
Geology 3, 704; 1975). 

But ther are complicating features 
to which increased attention should be 
paid. The most important of these 
are the presence of post-depositional 
magnetostratigraphic overprints, natu- 
ral deformation of the strata under 
investigation, deformation + caused by 
the coring and sampling devices and 
the continuity and sedimentation rates 
of the deposits. 


Finding the remanent magnetisation 
of a sample is only one of three equally 
important procedures in magneto- 
stratigraphy. The other two are-— 
establishing the original position of 
the sample at the time of deposition, 
and the correlation of recognised mag- 
netozones with the sfandard palaeo- 
magnetic time scale. 


Unchanged position of studied layers 
The remanent vector of samples can 
only be related to the direction of the 
Earth’s magnetic field if the original 
orientation of the layer is preserved 
or the amount of later deformation 
known. Most researchers assume that 
their oriented samples precisely re- 
present the layer at the time of depo- 
sition and dedicate lamentably little 
effort to testing whether this is really 
the case. In studies of secular magnetic 
variation and of magnetic anomalies, 
this is a critical limiting factor. Un- 
fortunately, the occurrence of local 
deformations due to slumping, crust 
loading, mudflows, and so on, even in 
generally well stratified horizontal beds 
is common. Such features can be 
detected in exposures (Verosub Science 
190, 48; 1975) but easily overlooked 
in cores. The coring operation in un- 
consolidated sediments further in- 
creases the incidence of unrecognised 
deformations. Arching, twisting, and 
‘sucking in’ of sediment frequently 
affects the cores as can be observed 
on samples from laminated deposits. 
Also non-vertical penetration of the 
corer and systematic inclination errors 
affect the reliability of data. It is dif- 
ficult “to detect a deformation | of 
hombdgeneous unstratified layers, ` al- 
though X-ray screening may prove 
helpful. 

Plastic deformations may frequently 
occur at lithologic boundaries such as 


ae s- 
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ee nities The core may 
also be deformed in handling, cutting 
in segments, and in “storage. Freezing 
of cores as practiced by some paly- 
nological laboratories can produce 
large ice crystals which can damage 
the core structure. In this context, it 
looks suspicious when all the-e mag- 
netic excursions reported in the up 
30 m of Biwa Lake core (Yaskawa et al. 
J. Geomag. Geoelectr. 25, 447; 1973) 
come from the top or bottom parts of 
defrozen core segments. 

We would not like to imply of 
course that all local excursions of the 
Earth’s magnetic field reported from 
cores are misinterpreted records of 
deformed layers. However, it is only 
fair to state that at present, no firm 
evidence exists to thg contrary. 

Only results reproduced in parallel 
sections should be taken as “indicative 
of the behaviour of the Earth’s mag- 
netic field (Creer et al. Earth planet. 


Sci. Leth 31, 37; 1976). A layer with 
anomalous, but internally inconsistent 
magnetic record should be first 


checked in detail for anomalous sedi- 
ment structure, sliced and X-rayed for 
example, before any attempt is made 
to interpret it as a record of past 
magnetic field. Duplicate or triplicate 
sampling of a core should be attempted 
whenever the diameter is sufficiently 
large to allow such g procedure. Per- 
formance of coring devices should be 
tested on recent sediments of similar 
consistency and size distribution as the 
studied layers. . 


Recovery of original magnetic record 

The Koobi Fora study (Hillhouse er al. 
op. cit.) is an excellent example of 
problems surrounding the recovery of 
original remanent magnetisation. No 
universal palaeomagnetic techmique is 
available at present that can guarantee 
a complete removal of post-deposj- 
tional magnetic overprint and un- 
ambiguous identification of depositional 
polarity. This could become a serious 
problem in land-based deposits ex- 
posed to prolonged weathering and to 
the action of groundwater. Sediments 


e deposited during intervals of reversed 


polarity may acquire fully normal 
remanent magnetisation during sub- 
sequent weathering episodes. Normal 
remanence of land-based weathered 
strata does not exclude their forma- 
tion at the time of reversed polarity. 
Similar problems caused by remag- 
netisation were also indicated at the 
seafloor (Watkins ef al. Earth planet. 
Sci. Lett. 24, 113; 1974). Thus, the 
polarity corresponding to the time of 
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*F, P. Bonadonna, N. Bonhommet, 
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À QUARTER of Yugoslavia’s arable 
land is planted to maize, which vies 
„with wheat as the single most impor- 
tant crop in Yugoslavia. A visit to 
the Maize Research Institute outside 
Belgrade proved an eye opener as to 
how a State Research Institute can 
«be entirely self-supporting from the 
commercial sale of its products and 
expertise and at the same time sup- 
“port. an active and directed basic 
l re earch programme which comple- 
= its commercial afd. plant breed- 
|. ing sections. As a novice in this area 









-I may have been over-impressed by 


the single-mindedness and enthusiasm 
of the workers at this Research Insti- 
tute, applied to all stages of the pro- 
duction of a single crop—from 
research on seed* production and gene 
banks toethe extension Services on the 
farm and the sale of seed and expertise 
(at home and abroad). The increasing 
interest in growing maize in the UK 
and Europe both for forage and grain 
has highlighted the versatility of this 
plant. It can be grown in a wide 
range of climates—all that is needed 
is to find a variety which suits the 
particular area and the purpose for 
which it is to be grown. 

The Maize Research Institute at 
Zemun-Polje, about 15km outside 
Belgrade, is situated on about 300 
hectafes of productive land, which is 
unfortunately now being encroached 
on by urban and industrial develop- 
ment. Modern well equipped labor- 
atories have a pleasant working atmos- 
pherg in extensive fields around a 
central complex. The Institute em- 
ploys about 250 people, a quarter of 
whom have university degrees, and is 
organised into three different divi- 
sions, *a science division, an exten- 
sion service, and an administrative 
„and commercial affairs section. The 

T extension service, which is involved 
in the controlled production of seed 
on large cooperative farms and which 
advises experimental farms, is the 
crux of the Institute’s success. Nearly 
all the Institute’s finance comes from 
royaities on the sale of its hybrid 
seeds, both in Yugoslavia and abroad. 
Nearly a half of its income is from 
abroad and it has close commercial 

| and research links with more than 


deposition is to be considered an inter- 
preted property of unequal accuracy, 
dependent on lithology, intensity of 
remanence, post-depositional history 
of the layer, the demagnetisation pro- 
“gramme and the instruments used. 

In these circumstances, the validity 
of- magnetostratigraphic zonation of 
sedimentary rocks is only proved by 
¿reproduction of the results in se- 
quences involving different lithologies, 


*isation is 


Maize in Yugoslavia 


from D. O. Hall 





20 different countries. Seeds are pro- 
duced on about 20,000 hectares of 
good seed-producing land with a suit- 
ablg climate. 

The variability of climate in Yugo- 
slavia from Mediterranean to Conti- 


nental, its varied geography, and 
centuries of maize growing, have 
resulted in a ugique maize gene bank. 
It is claimed that the Maize Institute 
has more than 100,000 different gen- 
etic combinations available for selec- 
tion of new maize types. The storage 
of this gene bank is a major part of 
the Institute’s service, since it pro- 
vides a source of material not only 
for its own breeding programme but 
also for research work and hybrid 
seed production abroad. Yugoslavia 
seems to have been fortuitously ptaced 
in a favourable position for restock- 
ing the world’s depleted gene banks, 
especially in North America where 
the widescale use of hybrid species 
has resulted in neglect of other var- 
ieties selected over the centuries, The 
Maize Research Institute is making 
the most of this advantage. Its sales of 
hybrid seed abroad and patented 
rights of seed production extend to 
18 countries and these hybrids are 
now grown on over 1.5 million hec- 
tares abroad—-not bad going for an 
Institute that only started to specialise 
in 1959, ° 


depositional environments and sedi- 
mentation rates. Results of highest 
confidence are those obtained on strati- 
graphic successions of effusive volcanic 
rocks where ghe danger of remagnet- 
minimal. Magnetpstrati- 
graphers are urged to duplicate 
sampling. in parallel sections and in 
parallel cores wherever possible. Fur- 
ther effert is also needed in studies of 
rock magnetism dedicated to recog- 


Maize ir Yugoslavia is mainly fed f 
to cattle. More than 87% of the corn | | 
is cogverted into meat and Yugoslavia | 
is a meat exporter. However fluctù: 
ations in the price of meat are result 
ing in a réassessment of the use of 
maize and néw developments from 
United States such as the produ 
of glucose/fructose syrup a 
utilisation of the whole mai 
for other types of product a 
actively investigated. The pot 
for greater use of maize seems to be 
there. Over the. past seven years the | _ 
average yield of maize in Yugoslavia ee 
has doubled as a result of the use of |- 
the Maize Institute's hybrids which | 
are now grown on two thirds of the | ~ 
total land area cropped to` maize. ee 
They claim now that they have more J- 
than 75 new hybrids which will yield apes 
about 10 tonnes of. grain per hectare 
as opposed to the average in Yugo- 
slavia of 4 tonnes per hectare = ooo. 

Research at the Institute is divided |. 
between four sections. Breeding and | 
Genetics naturally employs the | 
largest number of scientists, many of | 
whom have been trained in North | 
America. Research in the Physiology, [* 
Biochemistry and Technology Sec- 
tion takes several basic approaches 
which may have long term application | 
to genetics and maize production. 
Low temperature growth in maize is | 
being studied in the hope of extend- | 
ing the growing season by earlier | — 
planting and of understanding the 
physiology of low temperature adap- 
tation. Developmental physiology and 
adaptation to the various climates 
found in Yugoslavia are also under 
investigation. Protein biosynthesis is 
being studied with the aim of increas- 
ing the lysine and tryptophan content 
of the plant. Biophysical assays which 
can be used for selection during breed- | 
ing programmes are also being 
developed. The third section, Maize f> 
Protection, deals with fungal and p 
bacterial diseases, insect attack and | ` 
weed problems. The fourth, Agron- |. 
omy, is involved in the techniques | 
of maize cultivation. The integration 
of basic research and seed productio } 
and commercial exploitation ecems i 
the case of this Institute fo have- 
been particularly successful. | 































+% a 
nition ôf original remanence from over- ` 
print and to improvement of our 
understanding of ‘processes through 
which the remanence of sediments is 
acquired and destroyed. 





Correlation of magnetozenes with 
palaeomagnetic chronology 
Magnetostratigraphy is not a dating 
technique. It only provides globally 
synchronous correlation planes, whose 





parisons with other stratigraphic or 
radiometric data. | 

Local polarity zones represent *valu- 
able stratigraphic units independent of 
palacomagnetic chronology which 
should be locally labelled and their 
boundaries clearly identified with res- 
pect to lithologic or biostratigraphic 
zonation. They could, but need not be 
correlated with the standard palaeo- 
magnetic time scale. The time repre- 
sented by the deposit is critical in the 
correlation. Is the deposit continuous? 
If so, what is the sedimentation rate? 
Does the thickness of the magneto- 
stratigraphic unit fit the length of 
palacomagnetic interval with which it is 
correlated? Does the reversal occur in 
a continuously deposited sequence? 
Or is it only an unrecognised hiatus? 
Many otherwise excellent magneto- 
stratigraphic studies paid only marginal 
attention to the continuity and*homo- 
geneity of the sedimentary record. 
This resulted in serious miscorrela- 
tions, such as mistaking events for 
epochs (see Kukla & Nakagawa 
op. cit.). 


se oe ee . X f EO i +.. ee 
identification is ‘possible, by com- 


emostly without 


The palaecomagnetic chronology scale 
is not a stratigraphic systerf since it 
was constructed from radiometrically 
dated samples of known polarity 
any knowledge of 
stratigraphic relations among the dated 
horizons. Under these circumstances, 
precision of K-Ags dating imposes 
serious limitations on the accuracy of 
reversal dating. Uncertainty about the 
true age of mst reversals is sub- 
stantial. Concentrated effort aimed at 
an improved accuracy of the palaeo- 
magnetic scale by multiple radiometric 
dating of suitable layers in the strati- 
graphic vicinity of reversals is highly 
desirable. 

As it stands now, the poor coverage 
of geological and stratigraphic aspects 
of studied sequences and the often 
insufficient removal of post-deposi- 
tional overprint seem to -be_ the 
principal weaknesses of magnetostrati- 
graphy correlation. Most of the exist- 
ing problems could be avoided or at 
least substantially reduced if repetitive 
sampling of parallel sections becomes 
a regular practice. e O 


Plants and animals interact 


by Mary Lindley 


An international symposium on 
Biochemical Aspects of Plant and 
Animal Coevolution was held by the 
Phytochemical Society of Europe in 
Reading on 4-6 April, 1977. The 
proceedings will be published by 
Academic Press. 





CATALOGUERS of the chemical com- 
pounds found in plants are being 
stimulated to new thoughts by ecol- 
ogists. They are looking for an ex- 
planation of how the compounds serve 
the plants and affect their interactions 
with animals. The members of the 
Phytochemical Society of Europe are 
closely involved and if evolutionary 
trends are slow to emerge, there seems 
to be no shortage of enthusiasm and 
ideas. 

Volatile compounds are proving to 
be important in the pollination of 
orchidseof the genus Ophrys, which 
resemble female insects. Male bees are 
induced to effect pollination while try- 
ing to copulate with the flowers, and 
some of the stimuli are odoriftrous, as 
G. Bergström (University of Gothen- 
borg) explained. “He does not discount 
visual and tactile stimuli, but it seems 
that the morphology of the flower plays 
a small part in the process of attrac- 
tion. It is not yet known whether the 
various volatile compounds identified 
in the flowers enable thém to mimic 
ethe sexual attractions of the bees— 
-= more structures have to be determined, 


particularly of cyclic terpenes. 

The bees gain no nutritional benefit 
from Ophrys, but most of the inter- 
actions discussed involved the consump- 
tion of plants by animals, chiefly in- 
sects. Discussing the role of nitrogen 
in such interactions, S. McNeil (Im- 
perial College Field Station, Silwood 
Park) reviewed evidence of a corre- 
lation between the abundance of insects 
on plants and the amount of nitrogen 
available as protein and amino acids. 
For example, the most numerous 
populations of insects on the grass 
Holcus mollis coincide with the peaks 
of nitrogen during spring and autumn. 
At the best of times the amount of 
nitrogen in plants is low compared with 
that of animals, and insects use various 
strategies to minimise the disadvantage. 


When it is lowest they may simply | 


consume more material or move to a 
more nutritious plant or part of a plant. 
They might be able to modify the local 
physiology of the plant, for example by 
causing proteolysis, or they might turn 
to occasional predation on other 
animals as a source of nutrition. 
The migratory and desert locusts 
(Locusta migratoria and Schistocerca 
gregaria) select the plants to give them 
the necessary n&@triengs through the 
effects of phagostimulants and detet- 
rents. R. F. Chapman (Centre for 
Overseas Pest Research, London) ex- 
plained that sugars, for example, stimu- 
late locusts to feed, while such com- 
pounds as alkaloids deter them. It 


om 
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seems that for a hungry locust the 
choice between ‘different plants is de- 
termined by the presence.of deterrents, 
while the size of the meal is more 
likely to be determiried by the phago- 
stimulants in the chosen host. Chap- 
man suggested that two events in the 
evolution of plants particularly influ- 
enced the evolution of the locusts amd 
their grasshopper relatives, the Acri- 
didae. The first flourishing of the 
Acrididae seems to have coincided with 
the development of the flowering 
plants and the decline in the occurrence 
of condensed tannins, which are power- 
ful deterrents. Latet, with the coming 
of the grasses, the Acrididae ° could 
diversify again. Such examples, how- 
ever, afe unlikely to have been com- 
mon in the evolution of insects, which 
Chapman strassed, has not been due on 
the whole to the influence of plant 
chemistry. 

E. A. Bell (King’s College, London) 
said thet it has been a tenet of faith 
for him that plants make so many 
secondary compounds because they 
cannot run away from their enemies. 
The toxins in seeds include lectins, 
cyanogens, alkaloids and uncommon 
amino acids such as canavanine, but 
they are not all equally toxic to all 
animals. D. H. Janzen (University of 
Pennsylvania, Philadelphia) pointed out 
that the protection af seeds often needs 
to be more effective than that of leaves. 
Seeds contain a store of nutrients that 
makes them very attractive to pre- 
dators unless unpleasant toxins are also 
present. To study the response of in- 
sects to various seed components, 
Janzen has been using synthetic seeds 
made from crushed seeds of the ani- 
mal’s host plant and incorporating into 
them toxins from other plant species. 

On the basis of field tests, T. J. 
Mabry (University of Texas, Austin) 
believes that sesquiterpene lactomes 
serve primarily as a bitter principle, 
discouraging animals from feeding. 
Deer and rabbits, for example, wil not 
feed on plants containing such toxins, 
which occur most abundantly in the 
Compositae. 

Participants did not all accept the 
view that secondary plant compounds 
always have a defensive role. D. A. 
Jones (University of Hull) feels that 
there is no absolute advantage in 
cyanogenesis, by which a cyanogen and 
the appropriate enzyme release hydro- 
o cyanide when the plo.nt is crushed. 
lis evidence was obtained with the 
polymorphic species Lorus corniculatus 
(bird’s foot trefoil), which contains 
both cyanogenic apd acyanogenic 
plants. Jones has found that on a cliff 
the greater tolerance of salt spray by 
acyanogenic plants is balanced by the 
higher potential rate of reproduction of 
cyanogenic plants. In close proximity, 
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in a hollow and or a monid. selective 
grazing by snails gives an advantage 
to cyanogenic plants. Clearly the situ- 
ation is not as simple as it once seemed. 

The traditional . idea of a. battle. 
between insects and plants is also too 
simple according to H. F. van Emden 
(University of Reading). Drawing on 


~. 


-his experience with aphids, he pre- 


_ sented an alternative viewpoint. Insects 
. Such. as aphids, which are restricted in 
“their selection of host plants, might 
gain an advantage if *the secondary 
_ compounds in the plants are primarily 
a defence against vertebrate predators. 





One, benefit would: be that both the 
insects and their food would be pro- 
tected, . , G 


Materials science 
and engineering 
from Robert W. Cahn 


SA GENERAL survey or reconsideration” 
is one of the meanings attached by the 
Shorter Oxford English Dictionary to 
the word Review. That usage dates 
from J604, wheg modern sciefice was 
in its birth throes. The natural philos- 
ophers of that time knew and cor- 
responded with each other, and that 
Curse and blessing of our day, the 
scientific journal, was as yet unknown 
and unnecessary. Today, the general 
survey or reconsideration is as essen- 
tial to the working scientist as the 
Good Food Guide to the serious 
gourmet. 

A review, of course, tells a scientist 
in a nutshell what the current state of 
knowledge is in a field, with extra 


emphasis on recent facts and insights. 


Who ever heard of a survey of 
ignorance? Yet that is what the editor- 
in-chief of the journal Materials 
Science and Engineering, together 
with his Advisory Board, set out to 
provide to mark the tenth anniversary® 
of the journal’s publication. The 264 
pages of volume 25, dated September 
1976, are made up of 35° short essays 
“what we do not know 
about” a range of subjects which fall 
within the scope of the journal. The 


3 tacit objective seems to be to guide the 


research worker who is contemplating 
a change of field, or of emphasis 
within a field, into fruitful problems. 


gaps and chasms in their knowledge. 
The result is unconventional, variable 
and useful. 

= One contributor 





conois ne 


“Throughout my professional life I 


gaps 





tried to teach my students, when they 
were writing their first paper, not to 
elaborate too much what they didn’t 
know. Of that, I told them, the future 
readers know enough themselves.* 
However, the wise choice of expert 
contributors renders this review of 


ignorance acceptable and indeed use- 
ful. It is necessary to know a great i 


deal before the gaps,in that knowledge 
can be a source of wisdom. Nobody 
attempted to restrict himself to a 
survey of gaps: all, with greater or 
lesser terseness, first surveyed what is 
known. As another contributor ex- 
pressed it—‘‘I take it that we are ask- 
ing: What principles governing . . . 
are generally agreed by the scientific 
community? What principles are con- 
troversial? What areas are unknown 
to the extent that no principles have 
been formulated?” This contributor 
achieved something very rareeandg in- 
deed paradoxical in a scientific review: 
he included not a single reference to 
published work, but filled his own pres- 
cription in a discursive way, emphasis- 
ing’ the important points without 
documentation. The essay — L. M. 
Brown’s on the Deformation’ of 2- 
phase Alloys—is a thorough going suc- 
cess. This approach can be followed 
successfully only with a widely familiar 
topic; one which is less familiar may 
need plenty of documentation, and yet 
effectively pinpoint the crucial areas 
of ignorance; D. A. Vermilyea’s essay 
on Corrosion is a case in point. 

Some reviews are highly theoretical 
and can only be followed by a reader 
who is already highly expert (for in- 
stance, H. E. Cook on Continuous 
Transformations; M. Wuttig apd T. 
Suzuki on the Martensite Transforma- 
tion); others are severely practical, 
addressed to specific industrial ob- 
jectives (A. G. Chynoweth on Fiber 
Lightguides for Optical Communica- 
tions; M. C. Flemings and others on 
Rheocasting; J. A. Manson on Modi- 
fication of Concretes with Polymers). 
Most cover their subjects in breadth, 
some (N. Brown on The Effects of 
Gaseous Environments on Polymers; 
Flemings on Rheocasting) describe 
only their own work and the problems 
uncovered thereby, justifiably since 
they opened up new fields. One epar- 
ticularly illuminating survey, V. F. 
Zackay’ s on Thermomechanical: Pro- 
cessing, is not so much concerned with 
in scientific understanding as 
with the problems of finding a develop- 
ment strategy which will increase the 
industrial acceptability of the complex 


The editor invited a number of spe- eform of processing with which it deals. 
| cialists all ovet the world to map the 


Altogether, the volume is an intriguing 
study in styles. In general, the brdader 
the author’s range of vision, the 
clearer his presentation. One might 
have. expected that when subject: to 
such severe constraints on the number 





of words, #the narrow specialist would 
have fared better, but indeed the | 
general principle remains true that — 


one sees the wood better from a heli- — 


copter than from the jungle trail. 

The Editor. does. disclaim: any at- — 
tempt to cover the whole spectrum of 
materials science’ ‘and aa: but i : 








that category, there is heavy emphasis 
on the admittedly crucial topic of 
phase transformations... ae 
It is nevertheless disappointing. that 
only two essays deal. with polymers _ 
(and one of these only does so tan- — 
gentially), one with ceramics, and one” 
with oxide glasses (again tangentially). fo 
There is no attempt to shirk topics in — 
which understanding. is unsatisfactory _ 
(E. Rabinowicz has plenty’ of ignorance _ 
to report on Wear, and does so with- _ 
out obfuscation), but no broad topic 
such as Materials in Biomedical 
Engineering is included. a 
In spite of the inevitable limitations 
and the uneven quality of the reviews, 
this volume deserves to be widely pur- 
chased by junior research workers 
particularly (the price is set low to 
enable them to do so). They should 
use it in conjunction with another 
compendium of useful short eviews 
Annual Reviews of Materials Science, 
to gain a first-class overview of the _ 
direction in which the discipline is _ 
currently heading. CE 





















A hundred years ago 


A VERY extensive Etruscan necropolis 
has been discovered at Montelparo, near p 
_Ascoli-Piceno (Umbria). An enormous {| 
quantity of bronze, iron, and terra-cotta | 
objects have been ‘and are being. found | 
in the grounds, chiefly consisting of | 
helmets, armillas, collars, buckles, nails, |- 
spurs, bows, rings, lances, spears, jo 
swords, and thousands of perforated es 
bronze grains and beads, besid 
numerous objects of amber, plas 
shells, and pottery, all of which - 
likely to be secured b 
Government for the 


Plorentine 
Museums. 


Two Prussian officers have. arrived. 
in Paris for the pfirpose of determining | 
telegranhically the longitude of Berlin. | — 
Two French officers have been des- 
patched to Berlin in. order to carry out 
similar operations. The apparatus to [| . 
be used in Paris have been located at | 
Montsouris under the superintendence 
of M. Mouchez and the Bureau des” 

_Longitudes. The ultimate aim of thi 
operation is to connect the French. tri 
gonometrical triangulation with the p 
system of ‘the Geodesical International |- 
Association which is covering almost. 
the whole of Europe 
From Nature 15, 36 ‘April, 560; 1877. 











P HAS BEEN said that history is not 

made, it is written. It is written after 
the fact from fragmentary and con- 
fused memories, from interpretation of 
hearsay by people usually not involved, 
or by using indirect evidence to butt- 
_ ress a preconceived theory. This book 
is not such a perversion. It has the ring 
of authenticity, written principally on 
the spot and at the time by a man 
involved directly in the affairs reported. 
From my own experience in the White 
House with similar situations, it~ com- 
municates a true sense of the dynamics, 
the conflicts, the frustrations, the 
personal friendships and animosities, 
yet the euphoria and satisfactions of 
advising a President on matters where 
he is inexpert. 

Dr Kistiakowsky has done a service 
by publishing his diary. As a diary, it 
focuses on events, not the process of 
science advising. As in a diary, specific 
“Sibjects are fragmented temporally. 
For example, pieces of the story of the 
struggle for a nuclear test ban appear 
throughout the text. There has been 
no attempt to consolidate these except 
in brief comments at the beginning and 
end of the book. This is all to the good, 
in my opinion, for it lends reality to 
the account. Yet important issues them- 
selves, such as machinations towards a 
civilian space programme, can be 
studied and documented. Scholars of 
events of that time will find the book 
indispensable. 

For those interested in the process 
of science advising, the book will be 
a wellspring of information, even 
though the subject is hardly addressed 
directly. Indeed, to the perceptive 
reader, the process of advising (and 
the inevitable striving for influence) 
becomes starkly clear. The flow of 
events agai the colliding opinions and 
egos document the most critical 
factor in science advising—-knowing the 
President’s deeply-hgld convictions and 


values (for example, as outlinedsabove), 


and relying on them in advocating 
policy. Corvictioas and values of a 
President ‘can sometimes be turned 
slightly by fact and persuasive argu- 
ment, but not bent very far. 

Also fascinating are the personal 
glimpses of President Eisenhower and 
his strong commitment to steps for 
eace. As a military man,.he knew the 


. . fallibilities of the military, and their 


that budgetary conservatism must be 
leavened with values which look to the 
long-term future. He was, therefore, 
favourable to science and respected the 
judgement of the professional people 
involved. The opinions and modus 
operandi of a variety of prominent 
people both in and out of government 
are described and judged by Dr Kistia- 
kowsky. Many of them may have re- 
joinders, if they are still alive and 


interested. A bit more about that later. 
e 9 


Advising 
a President - 
Edward E. David, Jr 


A Scientist at the Whjte House: The 

Private Diary of President Eisenhower's 

Special Assistant for Science and 

Technology. By G. C. Kistiakowsky. 

Pp. xvii+448. (Harvard University: 

Cambridge, Massachusetts and London, 
1977.) £11.25. 








The President’s Science Advisory 
Committee (PSAC) emerge from the 
diary as a useful instrument, if some- 
what obstreperous and _ self-possessed. 
The PSAC seemed to function best 
when it addressed topics at the forward 
edge of science of technology, but with 
modest immediate impact on budget, 
political, or social matters. The PSAC 
had its detractors on the political side 
in Dr Kistiakowsky’s day as well as in 
mine. In later times, it became neces- 
sary to institute another mechanism— 
ad hoc panels reporting directly to the 
Science Adviser rather than through 
the PSAC. 

The diary contains a number of signi- 
ficant truths, such as, “This alerted me 
again to tthe danger that a ‘cold- 
blooded’ scientists opinion may be 
very poorly received by the public at 
large’, referring to a PSAC panel’s 
view on carcinogens in food. A larger, 
still vital truth emerges—-that the 
government requires advice and counsel 
from knowledgeable prifate citizens at 
the tob of their careers if it is to act 
wisely. It must create conditions in 
which both advisers and advisees are 
willing. | 

For me, the book brought back 
memories and stimulated reconsidera- 


tion of my own experience in the White 
House. Perhaps most prominently, I am 
impressed that? events have a startling 
continuity. Here, 17° years after the 
events described, mgny of the same 
issues are still before us. Only some 
of the players are different. For every 
topic thag oceupied Dr Kistiakowsky, 
I can recall a derivative topic that 
occupied me some 12 years later. He 
expended efforf on the nucleas test ban, 
I on an extension of the ban and on 
SALT I. Principal players in his time 
were John McCone and Christian 
Herter; th my time, they were Henry 
Kissinger and David Packard. Dr 
Kistiakowsky was concerned about 
large space boosters, I about the space 
shuttle. He dealt with Keith Glennan 
and Herbert York, I with James 
Fletcher, George Low and. Donald 
Rice (then OMB, now President, Rand 
Corporation). Dr Kistiakowsky worked 
on the, carcinogenic content of cran- 
berries and the rigid*Delaney Amend- 
ment, I on the pesticide 2,4,5T and 
cyclamates (today, saccharin). His cor- 
respondent was Arthur Fleming, mine 
were Elliot Richardson and Charles 
Edwards. Dr Kistiakowsky tried to put 
forward an acceptable high energy 
physics programme particularly ad- 
vocating the Stanford linear accelera- 
tor; I did likewise trying to keep 
accelerator facilities from .budget- 
induced idleness, and I also advocated 
heavy-ion research and radio astro- 
nomy, including the X-ray spectrum. 
He dealt with Maurice Stans, I with 
George Shultz and Caspar Weinberger. 
Dr Kistiakowsky addressed the strength 
of Western vis-d-vis Soviet science, and 
that was a hot topic in my time too. 


e Dr Kistiakowsky’s time saw the demise 


of the U-2 and its surveillance of the 
Soviet Union. He also saw in the 
SAMOS programme—the beginnings of 
satellite surveillance as a replacement. 
This topic remained an important area 
for the science adviser until the end of 
my own term. The U-2 incident which 
‘spoiled’ Eisenhower’s tenure has led 
to a new era in which ‘national tech- 
nical means’ is a technique accepted 
tacitly by both sides as insurance against 
military surprise. Thus, today’s intelli- 
gence estimates can speak confidently 
about the size and character of Sqviet 
miltary deployments and developments, 
even though the intent behind them is 
and will remain a subject of dispute. 


Kistiakowsky (left) 
with Eisenhower 
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But there were also” new concerns 
in the early 1970s. * Energy was a 
principal one, including the breeder 
reactor programme; so was health 
care, as distinct from biomedical re- 
search. (There was a concern in both 
areaş about the performance and 
modus operandi of the NIH, a concern 
thas, persists at least in the political 
arena to this day.) Directed biomedical 
research, typified by the Cancer 
Crusade, became an unwise cause 
célébre in the 1970s, beginning in the 
late 1960s under President Johnson. In 
my time, there was a social science 
focus on the adolescent maturation 
process. That concern was stimulated 
by the perceived decline in educational 
quality. There was increasing attention 
to social science mesearch programmes 
and modeling as an aid fo understand- 





ing their workings (including the 
Limits-to-Growth convulsion). And 
above all, there was the concern about 
environmental pollution and the, drive 
to contfol it. A Central issue in my 
time was the pollution caused by auto- 
motive and coal-burning plants. 

Some of these ‘new’ subjects had 
begun to surface in Dr Kistiakowsky’s 
time. But like an older person whose 
eccentricities have become exaggerated, 
the Science Adviser’s office, as it 
matured in the 1970s, became more 
and more concerned with these ‘off- 
beat’ tonics, which ranged far beyond 
the earlier principal concern—the 
physical sciences. The roots of this 
trend are clear in Dr Kistiakowsky’s 
diary. Some say this was the downfall 
of the office, but it wasn’t. It was a 
necessary evolution to keep pace with 
presidential interests. 

Beyond both latent continuity and 
its contrast with future events, the 
diary indicates clearly Dr  Kistia- 
kowWsky’s incisive judgments about 
issues and people, some of the latter 
not very complimentary. Undoubtedly, 
those people would have retorts to Dr 
Kistiakowsky’s judgment of them. 
Furthermore, events are described in 
the diary as perceived by Dr Kistia 
kowsky at the time. It is remininscent 
of the famous Japanese film, Rosha- 
mon, Its lesson was that each partici- 
pant in a happening emerges with his 
own perceptions, very different from 
those, of the others. Knowing that 
lesson, I took the liberty of talking 
with some of the other participants in 
a few of the events described in the 
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diary. Indeed, at least two of those 


people had entirely opposite perceptions 


of the same events from Dr Kistia- 
kowsky’s, based not only on their 
memories but on their own diaries. 
Clearly, there has been no attempt to 
deceive the reader in Dr Kistiatkowsy’s 
diary; rather, at work are the usual 
divergences of perceptions conditioned 
by participants’ past experiences and 
personal egos, and the resulting pre- 
conceptions. Thus, the reader should 
realise that there are other sides to 
the stories as told in Dr Kistiatkowsky’s 
diary. A tell-tale sign is that Dr Kistia- 
kowsky saw his judgments in the com- 
plex matters he described as almost 
infallibly correct. 

Significantly, Richard Nixon as Vice- 
President appears several times in the 
book. The text of the diary may leave 


the impression that he was often on the 


‘right side’ of the argument, and so 
somewhat enlightened. Yet, there is a 
second impression which emerges on 
careful reading-—that Nixon knew how 
to judge an occasion and take an 
acceptable position. Dr Kistiakowsky, 
in his notes added last year to his diary, 
says he came into the White House 
with a negative attitude towards Nixon, 
found him self-centred, and “remained 
sceptical to the end of my Stay in 
Washington.” 

This book is the most significant 
account of the first era of Science 
Advisers yet published. The post was 
established in 1957 and abolished in 
1973, about six months after I left the 
White House. It was re-established by 
an Act of Congress, signed by President 
Ford in May 1976. The Carter Adminis- 
tration’s appointee is Dr Frank Press, 
an eminent and capable Earth scientist. 


e With his installation begins a new era 


of presidential science advice. I hope 
that during its span, even greater ac- 
complishments will be added to those 
of the first era—a significant piece* of 
which is recorded in Dr Kistiakowsky’s 
book. 

An accolade is due to Professor 
Charles Maier who encouraged the 
publication and added a highly useful 
introduction to set the stage for the 
otherwise cryptéc entries which follow. 

* 


Edward E. David, Jr, was Science Advisor 
to President Nixon and Director of the 
Office of Science and Technology (Execu- 
tive Office of the President) from 1970 to 
1973. He is now a consultant, based in 
Chicago. 
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ESSENTIALS OF ASTRONOMY | 
Second Edition 

LLOYD MOTZ and ANNETA DUVEEN 
Now newly revised and updated, this standard 
text takes the reader from the classical astron- 
omy of Copernicus, Tycho Brahe, Kepler, and 
Newton to the modern astronomy of quasars, 
neutron stars and black holes. it continues to 
serve a wide range of persons teaching, study-” 


ing, and investigating contemporary astron- 
omy. $18.75 


THE BIOCHEMISTRY OF 
ADENOSYLMETHIONINE 
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BOREK, VINCENZO ZAPPIA, 
HOWARD GUY WILLIAMS-ASHMAN, 
and FRITZ SCHLENK, Editors 
S-adenosyimethionine is probably second 
only to ATP in the variety of reactions for whic 
it serves as a cofactor. This book, containing 
articles by the world’s leading researchers on 
adenosyimethionine, is a landmark review of 
the rapidly developing field. 
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ORIGIN AND EARLY EVOLUTION 
OF ANGIOSPERMS 

CHARLES B. BECK, Editor 

in this gathering of new papers by praminent 
authorities, emphasis is placed on the time 
and place of origin, the biological source of the 
angiosperms, and selective pressures that 
might have influenced their origin and early 
evolution. The volume is extensively ilus- 


trated with maps, drawings, and photographs. 
$24.90 
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BIBLIOGRAPHY OF PLANT 
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HELEN PURDY BEALE, Compiler and- 
Editor 
The product of a lifetime of research and com- 
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reference volume for plant virolojsts, as well 
as for researchers in the biomedical sciences. 
Contains nearly 27,000 separate bibliographi- 
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and covers the literature of over one hundred 
countries and some twenty-eight languages. 
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-Experimenta 
lucifera 


Erwin Chargaff 

The Professor, The Institute and 
DNA. By R. J. Dubos. Pp. 238. 
(Rockefeller University: New York, 


1976.) $14.50. 





In the late 1930s, during my early days 
at Columbia University, I had frequent 
occasion to visit the Rockefeller Insti- 
tute for Medical Research, as it was 
then called. The uninviting structures 
on Avenue A near the East River were 
not easy of approach. True to its cha- 
racter of a citadel of learning, the door 
of the Institute was fortified bY gruff- 
ness; and after passing inspection by 
Cerberus or Cerbera, the visitor had to 
be accompanied to his destination by a 
special young man. In my case this des- 
tination usually was the laboratory of 
the organic chemist Max Bergmann, 
much admired by me. I had known 
Bergmann when he directed a Kaiser 
Wilhelm Institute in Dresden; here in 


@eNew York he shared the uneasy fate 


of his generation of German emi- 
grants. On seeing me, he would ex- 
claim: “Zuerst rauchen wir eine 
Friedenspfeife!” producing a large 
glass jar in which a package of cig- 
arettes was kept in a controlled habitat. 
Occasionally, he conducted me after- 
wards to another laboratory, that of P. 
A. Levene or D. D. van Slyke; and 
sometimes I would come upon the 
light-brown shadow of an elderly 
mouse-like figure tripping along the 
corridor walls. This, I was told, was Dr 
Avery, a name not unknown to me as 
that of the greatest expert on the 
pneumococcus, although at that time I 
could not have known how important 
his name would become to me a few 
years later. 

These reminiscences were brought 
on by an uncommon book about an 
unusual man, Oswald T. Avery (1877- 
1955). K is, in my opinion, a very good 
book, and I enjoyed reading it. As the 
title indicates, this is not merely a sci- 
entific biography. “The book operates 
on several intercommunicatirfg levels, 
taking into account the man, the time, 
and the pface; and painting, with extra- 
ordinary competence, the ever- 
changing human and scientific back- 
drops. This competence is not entirely 
surprising: René Dubos, apart from 
being a very good writer, was a mem- 
ber of Avery’s department from 1927 
*to 1941, and the warmth of personal 
contact and observation is felt through- 
out the narrative, 
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Born to English parents ih Halifax, 
Nova Scotia, Avery was taken to New 
York City at the age of ten, when his 


° father, who was a Baptist clergyman, 


was invited to be pastor gf the Marin- 
ers’ Temple on the lower Eastside, 
even at that time a ‘pretty horrible part 
of the city. But five years later, the 
father was dead, and the three sons 
were brought up by the mother who 
must have been an energetic lady. 
Oswald Avery, aside from becoming 
an accomplished cornetist, got a good 
education: first something called, 
soberly, the New York Male Gram- 
mar School, then Colgate Academy, 
Colgate University, and finally, be- 
tween 1900 and 1904, the College of 
Physicians and Surgeons of Columbia 
University, which was then one of the 
best finishing schools for clinicians. 
Tke latter seems to have finished him 
in more than one sense: in went a 
lively, communicative young man, 
majoring in the humanities, excelling in 
oratorical contests, playing the cornet, 
leading the Colgate University and, 
and clearly not particularly attracted to 
the natural sciences; out came what I 
would term, perhaps with some exag- 
geration, a scientific recluse. This 
shock of confrontatidh is not a very 
rare event: I have noticed it often in 
several generations of medical stu- 
dents, when I taught at the same medi- 
cal school; only few of those affected, 
I am sure, turned into other Averys; 
mostly they became psychiatrists or 
even psychoanalysts. 

Scientists in general lead uneventful 
lives, with the exception of the few 
whoe for instance, are guillotined 
during the French Revolution or killed 
by highway robbers in Southern 
France. What counts is their inner his- 
tory to which their published papers 
afford only precarious access, for the 
history of ideas, and especially of 
scientific ideas, is a slippery discipline. 
But in the present instance, Dubos has 
succeeded in producing as multi- 
dimensional an image as is possible. 

With the exception of a very short 
period, after graduation, in medical 
practice, Avery devoted his entire life 
to research in bacteriology and im- 
manology, first in a now extinct pri- 
vate institution, the Hoagland Labora- 
tory in Brooklyn, and since 1913 in 
the Rockefeller Institute, where he re- 
mained until he was 71. The last few 
years of his life were spent, let us hope 
serenely, in the South. Or as Dubos 
puts it: “In 1948, he glecided that he 
had hot his bolt; as he no longer felt 
able to function effectively in the 
scientific arena, he retired to Nash- 
ville, Tennessee”. Each of the verbs in 
the preceding sentence could lend it- 
self to a philosophical analysis which 
J shall not attempt here, except to 
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wonder an sdciety seems to reserve 
circus acrobatics and science for the 
very young, assuming that these occu- 
pations require muscylar vigour rather 
than wisdom. Why had, for instance, 
Telemann not yet ‘““‘shot his bolt,” 
when at the age of 81 he wrote what is 
widely considered as his greatest work, 
the oratorio Der Tag des Gerichts? 
The multiplicity of possible answers 
shows that we have not yet found the 
corect one. 

The majorepart of the book is de- 
voted to a detailed and lucid discus- 
sion of the problems investigated by 
Avery during his 35 years at the 
Rockefeller Institute. This is done in 
five chapters the titles of which will 
indicate the areas under study: ‘The 
Lure of Antiblastic Immunity and the 
Chemistry of*the Host’; “lhe Chemi- 
cal Basis of Biological Specificity’: 
‘The Complexities of Virulence’; ‘Bac- 
terial Variability’; and ‘Heredity and 
DNA.’* It will be recognised that 
Avery was one of the early micro- 
biologists who understood the dominat- 
ing role that chemistry was to play in 
biology. This was, incidentally, quite in 
harmony with the genius loci of the 
Rockefeller Institute, which in this re- 
spect, as in many others, was a most 
remarkable place. Dubos does full jus- 
tice also to this side of his story; and 
the Institute, with fs members, semi- 
nars, conferences, and, especially, its 
memorable capitalistico—monastic lunch 
room, is one of the indispensable eje- 
ments of his account. 

Avery was comparatively late in 
starting, but he lasted: his mast im- 
portant work was published when he 
was past sixty-six. The pneumococcus 
was his microcosm: he showed that 
general principles of great import can 
be derived from little things if it is 
given to the researcher to join pene- 
tration to perseverance, and bold đe- 
duction to honest induction. As always, 
what counts is the balance, the mix- 
ture; but has anybody in science suc- 
ceeded in mixing himself, in filling his 
own recipe? 

Avery became interested in the 
pneumococcus because one of the 
principal projects studied at the Rocke- 
feller Hospital was the development of 
a serum therapy for lobar pneumonia. 
I do not believe the practical results 
of his research ought to be stressed, 
but out of this work there emerged 
a new understanding of the chemical 
basis of antigenicity, and, even more 
suprisingly, the recognition that genes 
were made of DNA. These glories 
may be taken to demonstrate the 
stupidity of our era of target-directed 
research. Actually, science has never 
operated entirely without goals; but the 
goals were chosen by a few reasonable 
men, not by frightened politicians or 
bureaucrats, and were enforced with 
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Seated (left to right): T. Francis, Jr, Avery, W. F. Goebel! 
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Avery’s Department, 1932. 
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tact and imagination. The directors of 
the Institute and the Hospital were 
wise enough to leave such a man as 
Avery in peace. They had trust in him; 
something that no ‘peer group’ with 
its silly priorities can afford or ac- 
complish. The absence of frenzy is one 
of the main impressions I get from 
Dubos’ description of Avery’s labora- 
tory. 

The existence of many immunologic- 
ally diferent pneumococcus types had 
been kgown for some time. Ine 1916, 
Avery’s intimate friend, Alphonse 
Dochez—I knew him very well during 
his years as a Columbia professor— 
diScovered that type-specific soluble 
material was released into the culture 
fluids by the organisms. These observa- 
tions, extended and refined in the 
course of several years, finally led to 
Avery’s collaboration with Michael 
Heidelberger, and later also with 
Walther*Goebel, and to the identifica- 
tion of a host of type-specific bacterial 
polysaccharides as the basis of the im- 
munological specificity of the various 
Strains. It is not too much to say that 
this work had a profound influence on 
the growth of immunochemistry and on 
later concepts of “the chemical aspects 
of biological specificity.” This was the 
title of the series of Jesup lectures that 
I gave at Columbia University four 
years after Avery’s death. His name 
was mentioned more often than any- 
body else’s, with the exception, of 
course, of my own, 

Leaving aside a large number of 
interesting and important investigations 
by Avery and his collaborators*- 
almost all within the confines of his 
‘pneumocosm’—I should like to move 
rapidly to what most of us will consider 
the most illuminating, the lucifer- 
rimum, of his many experimenta 
lucifera. (Dubos quotes Francis Bacon’s 
distinction, in his Jnstauratio Magna, 
between “experiments of light” and 
“experiments of fruit.”) I refer, of 
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course, to the work on the biological 
activity of DNA. In view of the 
witches’ brew now being stirred all 
over the world, with “recombinant 
DNA” as its main ingredient, I can 
only*hope that the title of this essay 
will not have to be changed to experi- 
menta Luciferi; although the Devil 
hardly needs experiments to make his 
point. 

Less than sixteen years—1928 to 
1944—-were required for the first fun- 
damental observation to lead to the 
definite proof that DNA was the in- 
strument of genetic specificity. That it 
actually took much more time before 
this proof was accepted generally, was 
due to obtuseness, malevolence, and 
the desire to protect various vested in- 
terests. | remember the names of both 
the heroes and the villains in this story, 

° o 
but only a few of the first will be men- 
tioned here. When the transformation 
of pneumococcal types in vivo was dis- 
covered in 1928 by F. Griffith, there 
were no loud objections, perhaps owing 
to the rapid confirmation of his find- 
ings in other laboratories or because 
most bacteriologists at that time were 
lamarckians. But for some reason the 
observations were filed away and, had 
it not been for Avery, they might have 
slumbered a long time. It was in 
Avery’s laboratory that Dawson and 
Sia achieved transformation in vitro 
and that Alloway described the igpla- 
tion of a crude transform!ng factor. 
All this was accomplished before 1933; 
and Dubos takes great pains to explain 
why more than ten years elapsed be- 
fore the next, and in every respect 
final, publication. Such explanations 
are really not jecessary: before World 
War II, science was not yet an achieve- 
ment sport; speed records formed no 
part of the accomplishments of a s¢ien- 
tist as they do now. Griffith and Avery 
are both quoted as deprecating hurry: 
and Dubos tells us that Avery liked to 
recall “the words of an old black 
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patient who watched, with amused sur- 
prise, the young doctors rushing about 
the wards of The Johns Hopkins Hos- 
pital:* ‘What’s your hurry, Doc? By 
rushing that way, you passes by much 
more than you catches up with! ’”, 

When in 1944 the epochal paper by 
Avery together with Colin M. MacLeod 
and Maclyn McCarty appeared, it cer- 
tainly was something worth waiting for. 
The stages leading up to this publica- 
tion and the all-in-all shabby reception 
granted it by the experts are well docu- 
mented in the book, although more 
could, and probably will, be said even- 
tually. As to the effect that the identi- 
fication of the transforming principle 
as a form of DNA had on me and on 
the direction of my subsequent work, I 
have described it before. Avery him- 
self obviously realised the implications 
of his discovery much moré profoundly 
than he was willing to put into print. 
The 1l&tter he wrote to his brother 
Roy on 26 May, 1943, is particularly 
instructive in this respect. His entire 
character as a scientist—relentless per- 
severance, courageous imagination, 
extreme caution—can be developed 
from this document. 

Many readers will, I am sure, find 
one chapter especially moving— 
namely, chapter twelve, entitled “As I 
Remember Him.” I have never secte 
this done before in the biography of 
a scientist. To the limited extent that 
a scientific investigator is also a human 
being, the carving of the private bust 
calls for an unusually tactful and sen- 
Sitive observer; and this René Dubos 
must have been in the many years he 
spent with or near Avery. Neverthe- 
less, Avery was an extremely private 
person, and there must have been a 
wall around him, not of his own build- 
ing—a wall that constrained him as it 
restrained access to him. I am not sure 
that we can ever understand another 
man so as to resurrect him on paper. 
The reason wky figures invented by 
great novelists strike us as so alive is 
that they are invented. At any rate, 
what I got out of reading about this 
shy, puritanical, disciplined, and cau- 
tious man was a renewed awareness of 
the poverty of greatness. 

As I said at the beginnin®, this is 
an interesting book. It is also very well 
produced, with 22 illustrations, some 
quite fascinating, eand with a good 
index. ft should be read by all who 
consider themselves part of the ‘bio- 
medical community*, and*, molecular 
biologists should read it twice. Even 
philosophers and historians of science, 
if they can spare a few moments from 
their contemplation of the dark side 
of the Reverend Moon, will find the 
book profitable. go 


Erwin Chargaff is Emetitus Professor of 
Biochemistry at Columbia University, 
New York, New York 
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‘THe style is unmistakable; it has the taut 
logic of Handel’s music. So is the puckish 
barbed humour: “As I was at a day 
school, I did not adopt homosexual prac- 
tices .. . ”. And so are the sparks of 
exotic knowledge: “Of course I have a 
fair repertory of languages, including one 
or two unusual ones, such as Hittite, 
which I haf to learn in order to study the 
earliest serious biological document, 
Kikkalish’s instructions for trainfng char- 
iot horses.” No-one but J. B. S. Haldane 
could write such stuff in such an enchant- 
ing style. Those who recollect his brilliant 
and sometimes exasperating conversation 
will find in this book a nostalgic re- 
creation of what it was like to spend an 
evening in his company. Those for whom 
J. B. S. Haldane is a somewhat romantic 
myth—a man who could turn from 


ewmathematical genetics to polemics on 


sociology in the Daily Worker, and who 
used to leave his laboratory at the end of 
term to spend the vacation in the civil war 
against Franco—will get an impression of 
what it was like to be a contemporary of 
the man. 

I remember him at a dinner of the 
Society for Experimental Biology. It was a 
light-hearted informal occasion and for 
some reason J.B.S. was asked to make a 
speech. In that grave, hesitating voice, as 
though about to begin a scientific lecture, 
he said that although he could not bring 
himself to believe in heaven, he now had 
some inkling of what heaven would be 
like if there were such a place. For he had 
greatly enjoyed this dinner, “thanks to the 
delectable company of the young lady on 
my right and the young lady on my left. 
Now in a three dimensional world one 
-can have only two ladies sitting next to 
one. Heaven I believe, might be con- 
ceived £ be, a place in n-dimensional 
space, where one could therefore expect 
at dinner to enjoy the company of n—1 
-young ladies.” ° 
This book is a mixture of J. B. S. 
..Haldane’s startling breadth of knowledge 

with his sparkling and often grotesque 
imagination. It is a fantasia with a pur- 
pose. The purpose is to expose by ridicule 
the prudery and bigotry and credulity of 
twentieth century western civilisation and 
to put on record glimpses of the sort of 
utopia he himself would have enjoyed. It 
is a work published years after his death. 
_ The blurb on the dust cover suggests that 
- Ft may be regarded as a philosophical and 


* 






scientific testament. Anyone who opens it 
with this expectation will be disappointed. 
It has neither the cohesion or the convic- 
tion of a testament. It is a jumble of ideas, 
leaps of imagination, andeexhibitions of 
prejudice which I don’t think Haldane 
himself would have ‘wished to publish. It 
has not got enough plot and movement 
to make it good science fiction, nor 
enough austerity of argument (and Hal- 
dane’s scientific work was impeccably 
well argued) to make it good scholarship. 
Nor, I believe, did Haldane himself 
intend it to be in either of these cate- 
gories. It is simply a feast comprising the 
after-dinner conversation of a man of 
extraordinary and fascinating personality. 

The ‘hero’, James Robert Murchison, 
carries in his brain all the accumulated 
experience and response to experience ofa 
British scientist. But there has also entered 
his brain and lodged there and become 
manifest to Murchison, all the accumu- 
lated experience of Ngok Thleg, a being 
from another planet. It is a case of 
memory transfer which can occur jf two 
persons have similar genotypes. The 
planet from which Ngok’s memory-and- 
experience bank comes has solved many 
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°, . 
of the scientificapd social problems which 
perplex planet Earth. The people there 
may multiply by clones; anti-social be- 
haviour is promptly cured by injections 
of drugs; the unit of time is that taken for 
light in a vacuum to traverse 2.317 x 1047 
wavelengths of the red hydrogen emission 
line; cities are built of an alloy of 
titanium and are enclosed from, the 
atmosphere, kept at a 10° higher pres- 
sure with pumps and filters to remove 
bacteria (disease, therefore, was an 
anachronism): There is some interplanet- 
ary travel; some computerised informa- 
tion services; and a little highly aseptic 
permissiveness: all developments which 
have made some headway since Haldane’s 
death. 2 

The book is unfinished. It is not the 
sort of work which readers of Nature need 
feel they ought to read. But if anyone who 
is going by train from, say, London to 
Edinburgh would like to have J. B. S. 
Haldane’s company for the trip, talking 
rather as he did to me when I made that 
journey with him some 40 years ago, this 
book will give him that experience. = 


Eric Ashby (Lord Ashby of Brandon) recently 
retired from the Mastership of Clare College, 
Cambridge. 
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BroGrapuies of living people, par- 
ticularly those around whom con- 
troversy has gathered, are risky 
ventures, It is usually better to let the 
dust settle so that the subjects are seen 
more clearly in relation to their 
own time and place. Konrad Lorenz is 
clearly such a subject but Alec Nis- 
bett’s book is successful in avoiding the 
main pitfalls: this is a thoughtful and 
substantial biography. Nisbett has a 
background in mathematical physic? 
but made a career in the British Broad- 
casting Corporation, where he has won 
many awards for his skills in presenting 
scientific*subjects to the general public. 
His interest in Lorenz arose from such 
work, and having obtained grant to 
work on this biography, he spent much 
time talking to Lorenz and some of his 
key associates. Nisbett obviously likes 
Lorenz and so dges this reviewer. Con- 
sequently for both of* us there is the 
danger of becoming indulgent and less 
thin adequately critical when discus- 
sing Lorenz’s ideas and influence. This 
does set out to be a critical biography 
but the soft pedal is certainly applied 
in some places. 


Konrad was the younger son of 
Adolf Lorenz, a successful orthopaedic 
surgeon (he almost got the Nobel prize 
for medicine himsglf) who jdentified 
with the Austro-Hungarian aristocrats 
and built himself a large house in the 
barogue style at Altenberg near 
Vienna. (Konrad has returned to this 
same house in retirement.) Adolf 
wanted his son to follow him into 
medicine: he did qualify, but already 
the jackdaws, herons, ducks and geese 
had taken over his life. Lorenz lec- 
tured on animal behaviour in Vienna, 
but had no formal research” facilities; 
the animals all lived at home. During 
this period he published all his mpst 
influential papers and began collaborat- 
ing with Tinbergen. Academic recogni- 
tion was crowned by Lorenz going to 
the prestigious chair of psychology at 
Königsberg (then in East Prussia). The 
war had already begun and soon envel- 
oped the eastern front. Lorenz ended 
up practising simple medicine and 
writing on philosophy in a Russian 
prisoner-of-war camp. 

He was not repatriated until 1948 
when he finally got back to Altenberg 
to reconstruct his career. It was much 
harder to regain academic recognition 
*n Germany. No university position 
was forthcoming although a host of 
new students were gathering around 
Lorenz. He worked more or less on an 
ad hoc basis until the Max Planck 
Institute enabled him to obtain facili- 
ties at Seewiesen in 1955. He retired 
back to Altenberg with a smaller 
research institute in 1973. 


* 


Lorenz tending a wounded goose 
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Nisbett provides an excellent account 
of Lorenz’s life and skilfully manages 
to interweave comments on hfs scien- 
tific thinking. I had some contact with 
the developments in the mid-1950s, and 
he very successfully catches the atmos- 
phere of the post-War emergence of 
ethology in Europe. There can be no 
doubt of Lorenz’s key role in its birth. 
He is the father of ethology, however 
many of his children now reject his 
ideas. 

The early papers in which Lorenz 
developed the concepts of the fixed 
action pattern, the releaser and the 
evolution of displays, of action-specific 
energy and of imprinting, are all the 
result of dedicated observation and des- 
criptioh shot through with brilliant in- 
tuitive thinking. The approach to the 
animal in its natural environment and 
the concern with function and evolu- 
tion came as a powerful tonic to 
behavioural science stultified by white 
rat experimental psychology. To read 
L%renz’s papers was enough, but to 
hear him lecture—the flood of words 
and ideas enlivened by his repeated 
assumption of diverse animal forms on 
the platform—was to experience ir.- 
stant conversion. Ethology took off, 


and although Lorenz himself is quick „ 


to point out his debts to Whitman, 
Craig, Huxley and Heinroth, it was 
he himself who founded the school. 
Lorenz’s own great period was over 
by 1960. He had little taste for the 
quantitative and analytical studies 
which had to come next—he boasts 
that no paper of his ever included a 
graph: nor can I recall any tables. The 
new impetus was provided by Tin- 
bergen, who rapidly built up a group 
in Britain, and by groups in the USA. 
Lorenz turned increasingly to the 
application of his original ethological 
concepts to human behaviour and his 
weaknesses began to overlie his 
strengths. He had always tended to 





adopt rigid classifications in behaviour: 
instinct o» learning, genes or environ- 
ment. His disputes with the “Engfish- 
speaking ethologists” as he referred to 
them, largely centred on their refusal 
to accept such dichotomies. Lorenz 
failed to appteciate that they were just 
as interested in the genetic basis of 
behaviour as he was, but often chose 
to approach the question through the 
study of development. It no longer 
remained helpful in such research to 
classify elements of behaviour accord- 
ing to any fixed scheme. When Lorenz 
began writing on the inherited basis of 
human behaviour he showed few signs 
of compromise. With the publication 
in English of On Aggression in 1966, 
the storm broke; Lorenz and those who 
supported his deterministic views on 
human behavioural development were 
ranged . against the cultural and 
environmentalist schools. 

As always in nature—nurtur® cen- 
troversies, politics were to the fore. 
Lorenz’s alleged Nazi sympathies dur- 
ing his Ké@nigsberg period were fo- 
cussed on by the environmentalist left, 
especially when his Nobel Prize was 
announced. Nisbett provides a good 
account of the particular paper which 
gave such offence. He points out how 
certain mistranglations have been at 
the base of misunderstanding and mis- 
representations. What Nisbett doesn’t 
do adequately is to point out that 
whether or not Lorenz’s views on the 
dire effects of domestication in man 
(whatever that means) were dressed up 
for Nazi consumption, they were in 
any case remarkably bad science. 

Lorenz’s reactions to the Nobel Prize 
furore saddened many of his friends. 
Fie admits himself that once on 
camera he becomes a buffoon. Instead 
of dismissing a youthful error at once, 
he tended to become defensive. He 
certainly gave a totally misleading im- 
pression at times. Nobody who knows 
Lorenz personally can doubt his warm 
humanity. 

Nisbett’s book will serve as an in- 
terim statement as it were. He gives a 
most useful list of references both to 
Lorenz’s own work and to other writ- 
ings which bear on his ideas. Perhaps 
the centre of gravity of this biography 
is inevitably towards the later period 
of Lorenz’s career. Nisbett rightly feels 
that he must discuss Lorenz in relation 
to the controversies of recent years. 
When we come to look back at 
Lorenz’s contribution in more tran- 
quility, however, it is King Solomon’s 
Ring that will stand out as his great 
book. Within ijs easy charm are all the 
gmportant ideas which makg up 
Lorenz’s profound contribution to the 
study of behaviour. cs 





Aubrey Manning is Professor of Natural 
History at the University of Edinburgh, 
UK, 
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Richard of Wallingford: An Edition of 
His Writings, with Introduction, Eng- 
lish Translation and Commentary. 
Edited by John D. North. Three 
Volumes: pp. 1,312; 22 plates; 128 text 





figures. (Oxford University: Oxford 
and London, 1976.) £75. 

RICHARD OF WALLINGFORD (about 
1292-1336) was among the ablest 


astronomers and instrument-designers 
of the Middle Ages. His Quadripar- 
fitum, for all its prolixity, bears com- 
parison with Regiomontanus’ De 
Trianeulis, written a century and a 
half later; and his astronomical clock 
was one of the most advanced made in 
the fourteenth century. Again, the 
complex universal instrument ‘Albion’ 
(All-by-one’) was a remarkable 
achievement, and was fully appreciated 
by fifteenth-century astronomers such 
as John of Gmunden (about 1382- 
1442) and Regiomontanus (Johann 
Müller of Königsberg, 1436-76), who, 
among others, re-edited and commented 
on the Tractatus Albionis, in which 
Richard describes the instrument. Dr 
North has provided us with a reliable 
and annotated edition of all Richard’s 
works. From this monumental edition, 
which must surely be ranked with 
Nallino’s edition of Albategni, we 
may gain insight not only into 
Richard’s achievements in astronomy, 
astrology, the making of instruments, 
and mathematics, but also into the 
progress of these sciences throughout 
the Middle Ages. 

In studying any western astronomer 
of the high Middle Ages it is necessary 
to pay attention to borrowings from 
his predecessors, particularly the Mus- 
lim astronomers whose works were 
translated into Latin in the twelfth 
and thirteenth centuries. On the whole, 
Richardef Wallingford is explicit about 
his sources, but some problems remain. 
Thus, in the first part of the Tractatus 
Albionis he gives chapter and verse for 
each proposition, the usual, sources 
being-—-besides Euclid and Ptolemy— 
_Albategni’s (died 929) Opus Astro- 
> .nomicum* and an “abreviated Alma- 
gest”. As is pointed out in the 
“commentary, the latter is better known 
sas the Parvum Almagestum. This is 
probably a Latin compilation and has 

-been attributed (by A. Birkenmajer, 
_ Studia Copernicana 1, 143-6) to one 
© “Walter of Lile, although Campanus 
of Novara (died 1296) is also a possi- 


*stream text, 


Richard of Wallingford (Cotton MS Nero D Vth a 


“bility. “There are at ieee two variants 
of the Parvum | Almagestum, quite 
apart from variations in the maim- 
and one of these could 
well account for the remaining refer- 
ences to a “Commentator” on the 
Almagest. At all events, this Commen- 
tator is unlikely to be Averroés (1126~- 
1198), whose commentary on the 
Almagest was afparently unknown in 
Latin (despite Birkenmajer’s citation 
of the fourteenth-century Alphonse 
Dionysii de Lisbonne, who probably 
thought the Parvum Almagestum was 
by Averroés); and was so differently 
organised as to make the identification 
unlikely. 

The sources of the Quadripartitum 
are not given with such readiness, 
but Dr North has discovered the most 
important of them: a text Beginning 
“Propercio est duarum quantitatum 
_., 7, which he for several reasons 
ascribes to Campanus. There are some 
valuable remarks in the commentary 
about the whole history of “cata” 
(Menelaus’ theorem) and of ratio® it ts 
to be hoped that these notes and the 
authors cited in them will encourage 
someone to make a critical edition of 
the main texts. The De Sectore, a re- 
working-—apparently By Richard him- 
self-—-of the Quadripartitum, is not 
printed in full. It is of some interest 
since it incorporates the new trigono- 
metrical methods developed by the 
Muslim astronomers and = introduced 
into the West by the translation of the 
astronomy of Geber (flourished during 
first half of twelfth century), Whether 
later English writers like Simon Bredon 
(abogit 1300-about 1372) copied Geber’s 
methods direct or through the De 
Sectore is a matter for further research. 
What we do know is the approximate 
date of their introduction into England. 
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of the shortér works the. treatise on 
‘the: “rectangulus” is perhap “the most 
interesting. Characterised — en 
“un véritable Torquetum 














Michel- as 
schématisé”, the rectangulus was in- 
vented by Richard to “obviate the 


tedious and difficult work of making 
an armillary sphere”. (Anyone ‘who 
has made even a rough model of, an 


armillary sphere will sympathise. Dr 


North points out that such alternatives 
cannot be lightly dismissed as observing 
instruments, gnd further maintains the 
unfashionable view that they were also 
used for the transformation of coordi- 
nates. It is interestifig that in both the 
Rectangulus and the Albion Richard 
follows: the custom, found among Mus- 
lim. writers, “of listing the parts of the 
instrument, together, with their techni- 
cal names. Franco’s treatise on the 
“torguetum” is a possible intermediary. 

Some of the texts included in this 
edition—for instance, the canons to 
John Maudith’s tables, with which 
volume 1 begins—-are here attributed 
to Richard Wallingford for the first 
time; and the authorship of doubtful 
cases, such as the astrological tract 
Exafrenon, is fully discussed. The ac- 
count of Richard's hfe, besides being 
interesting in itself, contains some use- 
ful remarks on biographical sources for 
Englishmen of this period. The texts 
themstlves are mostly established from 
two or three good manuscripts (in 
some cases discovered by Dr North), 
the others being used in a subsidiary 
role. There are occasional omissiéns 
——no doubt following Bj@rnbo’s edition 
of Thabit’s De figura secrore—of 
purely repetitive matter, but synopses 
are given to fill the gap. On the whole, 
the. English translation, on facing 
pages, is literal; but, where appropriate, 
the material is clarified by” the use 
of modern symbols and line-by-line 
layout of the argument. As one would 
expect from the author of Kalenderes 
Enlumyned Ben They, the Middle 
English translation of the Exafrenon 
is given in preference to a modern one. 
» The three volumes are conveniently 
arranged so that the text and trans- 
lation, commentary, and diagrams, can 


all be seen at once. In volume 3 there 


these appendices and 
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are plates, indexes, glossaries, and no 
fewer than. 39 appendices. Some of 
some of the 
longer disquisitions in the commentary 
volume are complete in themselves, and 
form a collection of well-indexed 
articles on the periphery of the central 
theme. We can only hope that their 


author is not: propane 1 to abandon the 


Middle Ages.. G 


« 





Richard Lorch is a member of the Depart- 
ment of History of Science and *Tech- 
nology, University of Manchester Institute 
of Science and T echnology, Manchester, 
UK. 
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* Griggs, R. C., and Moxley, R. T., lil editors: 
TREATMENT OF NEUROMUSCULAR DISEASES 
(Advances in Neurology, Vol. 17) 

384 pages (1977) $39.00 


Olds, James 

DRIVES AND REINFORCEMENTS: BEHAVIORAL 
STUDIES OF HYPOTHALAMIC FUNCTIONS 
Approximately 150 pages (1977) probably $10. 50 


von Euler, U. S., and Pernow, B., editors: 
SUBSTANCE P (Nobel Symposium 37) ~ 
360 pages (1977) $30.00 


A New Series 
NUTRITION AND THE BRAIN 
Series Editors: R. J. Wurtman and J.Y. Wurtman > 
Vol. 1: Determinants of the Availability of 
Nutrients to the Brain 
336 pages (1977) $30.00 | ° 


Vol. 2: Control of Feeding Behavior and Biology 
of the Brain in Protein-Calorie. Malnutrition 
323 pages (1977) $30.00 


* 


_ Raven Press, 1140 AVENUE OF THE AMERICAS, NEW YORK, NY 10036, U 










PHYSIOLOGY 


Katz, A. M. $ 
PHYSIOLOGY OF THE HEART * 
465 pages {1977} $29.50 


BIOCHEMISTRY 


Greengard, P., and Robison, G. A., editors = $05 ~ 
ADVANCES IN CYCLIC NUCLEOTIDE RESEARCH, 
Val. 8. Approximately 600 pages { (1977) Sop 00. 


Costa, E., and Gessa, G. L., editors: te: 
NONSTRIATAL DOPAMINERGIC NEURONS - 
(Advances in Biochemical Psy chopharmacology., Vol. 16). 
736 pages (1977) $57.00 


l 


Beers, R. F., Jr., and Bassett, E. G., editors: 
RECOMBINANT MOLECULES: IMPACT ON SCI ENCE 
AND SOCIETY 

Approximately 665 pages (July 1977) $47.40 


Gillham, N. W. | | ae 
ORGANELLE HEREDITY Se 
Due Fall 1977 w 


CIRCULATION =. 
Paoletti, R., and Gotto, A. M., dr., editors: oie, Ee 


ATHEROSCLEROSIS REVIEWS, Vol. 2 
280 pages (1977) $24.00 


Preston, T. A. 
CORONARY ARTERY SURGERY: A Critical, Reviews: 
280 pages (1977) $15.00 


Wheatley, D., editor: : 
STRESS AND THE HEART: Interactions of the 
Cardiovascular System, Behavioral State, and | 







~ Psychotropic Drugs 


272 pages (1977) $18.00 


ENDOCRINOLOGY @ 


Grave, G; D, edi tor: 7 
THYROID HORMONES AND BRAIN DEVELOPMENT 
392 pages (1977).$34.50 3 


Martini, L. _and Motta, M., editors; o 
ANDROGENS AND ANTIANDROGENS » 
404 pages (1977) $34.50 


Troen, P., and Nankin, H. R., editors: © 
THE TESTIS IN NORMAL AND INFERTI LE MEN 
595 pages (1977) $46.50 : 
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IMMUNOLOGY , tere 
Cooper, M. D., and Dayton, D. H., editors: eee 
-DEVE LOPMENT OF HOST DE FENSES 


328 pages {1977) $30.00 





Suskind, R.,M., editor: 
ies MALNUTRITION AND THE IMMUNE RESPONSE 
488 pages (1977) $42.00 
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PRESS 


Sensual Drugs 


Deprivation and Rehabilttation of the Mind 
HARDIN B. JONES and HELEN C. JONES 


This book presents the dramatic conclusions of the authors’ 
experimental studies which suggest that marijuana, along with 
other sensual drugs, causes physical and psychological damage to 
its users and, surprisingly, is addictive. Hardin and Helen Jones 
have a vast knowledge of this field and the book will be of immense 
interest to all who come into contact with users of sensual drugs. 
Hard covers £10.50 net 
Paperback £3.50 net 


Worldwide Variation in Human Growth 
PHYLLIS B. EVELETH and J. M. TANNER 


The health of a population is most accurately reflected in the rate of 
growth of its children. It is this theme which underlies the analysis 
and presentation of what is by far the largest compilation of growth 
data ever assembled. The book explains in simple terms the 
different sorts of growth surveys, how to set about making them, 
and which sort to choose. All who are professionally concerned 
with child health should read it. 


International Biological Programme Volume 8 £20.00 net 


Microbial Energetics 
Edited by B. A. HADDOCK and W. A. HAMILTON 


The 27th Symposium of the Society for General Microbiology 
focuses attention of the cross fertilisation of ideas that are currently 
enriching the fields of bioenergetics and microbial physiology. This 
volume provides a timely and stimulating account of an important 
area of research that is basic to the biological sciences. 

Society for General Microbiology Symposium 27 £17.50 net 


* + 
immunobiology of Gametes 
Edited by M. EDIDIN and M. H. JOHNSON 
A collection of articles which analyse the most recent data on 
gametes and fertilisation, concentrating mainly on functional 
aspects of the structure of gamete membranes and on the 
immunology and genetics of the egg and sperm. Critical discussion 
sections outline directions for new experiments and approaches 
and the book will be of importance to «mmunologists, 
developmental and membrane biologists as well as to clinicians in 
obstetrics, gynaecology and contraceptive research. 


Clinical and Experimental Immunoreproduction 4 £14.50 net 


* Nature 28 April 1977 


Defence Mechanisms of Plants’. 

BRIAN J. DEVERALL f 

A short and integrated account of the dynamic mechanisms 

involved in the defence of plant cells against attack by parasitic 

bactéria and fungi. The central interest of the volume is with the 

processes by which plant cells perceive the approach of an intruder 

and occasionally permit, but usually discourage, its further 

progress. The monograph will interest all who are professionally 
concemed with plant disease. 


Cambridge Monographs in Experimental Biology 19 £5.50 net 


Enzyme Kinetics 
D. V. ROBERTS 


The object of this book is to cover in a comprehensive manner the 
detailed kinetic analysis of a number of different enzyme models. 
All those topics in enzyme kinetics likely to be treated in an 
honours course in biochemistry are discyissed, and the presentation 
is such as to enable the readef to develop more complicated 
enzyme systems. The book also includes sectiops on some more 
advanced topics, such as coupled enzyme systems and computer 
simulation-of biochemical systems, which will interest postgraduate 
and research students. 
Cambridge Chemistry Texts Hard covers £15.00 net 
Paperback £5.50 net 


Software Portability 


An Advanéed Course 

Edited by P. J. BROWN 

Software portability, the transfer of programs and data between 
different computers, is a subject of growing concem and 
importance. This course, on the latest state of-the-art, is given by 
some of the foremost international experts. It should provide 
invaluable reading for all concerned with the transfer of programs 
and for anyone teaching or learning good programming 
practice. ad ‘ £7.00 net 


An Introduction to the Study of 
Programming Languages 
D. W. BARRON 


There are hundreds of programming languages. How do they 
differ? How can they be compared? This text discusses 
programming languages in terms of general principles, illustrated 
by examples from the more popular languages. With emphasis on 
principles rather than techniques, Professor Barron introduces the 
basic concepts of programming language design in such a way that 
meaningful comparisons may be drawn between various languages. 
The book is intended primarily for undergraduate students of 
computer science. 
Cambridge Computer Science Texts 7 Hard covers £4.95 net 
Paperback £2.50 net 


Space and Time in the Modern Universe 
P. C. W. DAVIES 


An engaging and reagable book in which Dr Davies explores the 
changing ideas of space and time particularly as illustrated by their 
application to astronomical and cosmological scenarios. Written in 
a straightforward style and enlivened by informal diagrams the 
book will appeal to undergraduate students, scientists requiring an 
easy review of modern developments and anyone with a scientific 


or philosophical bent. Hard covers £6.50 net 
Paperback £2.95 net 

Pulsars ° 

F. G. SMITH 


Professor Smith spent six exciting years ‘on pulsar work at Jodrell 
Bank and this review of the discoveries and theory of pulsars draws 
from the flood of research papers that have appeared, as well as 
from his own Work. His clear elucidatory style will make the book a 
pleasure to read not only by research astronomers but also by 
anyone with an interest in this subject. 


Cambridge Monographs on Physics £9.50 net 
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Newton as 
alchemist 
A: Rupert Hall 





The Foundations of Newton's Alchemy. 
By B. J. T. Dobbs Pp. xv*300. (Cam- 
bridge University; Cambridge, 1976.) 
£10.50. ° 


Ever since David Brewster published his 
Victorian biografhy of Isaac Newton 
120 Years ago it has been known that 
Newton devoted much time to chemical 
experiments and alchemical’ authors: 
indeed, Brewster, while faithfully noting 
his hero’s purchases of chemicals, appar- 
atus and Ashmole’s Theatrum Chemicum, 
lamented his waste of time on Ripley, 
Flamel, Starkey and the rest. Moreover, 
Newton’s interest in these mgtters has 
long been evident from his correspon- 
dence. The dispersal of the great mass of 
Newton's private papers in 1936 simply 
made openly available a mass of material 
that had been formerly known but largely 
inaccessible, and which in any case had 
not been regarded as very important to 
those who were more interested in 
Newton as the founder of mathematical 
physics than as a man of his own age. 

The mood has changed, so that during 
the past thirty years many have pursued 
Newton the whole man, rather than the 
author of Principia, Opticks and some 
mathematical treatises. ‘Freudian’ analy- 
sis hgs laid bare the mechanics of his 
personality, and he has been portrayed as 
theologian, historian, Mint Master, 
magus, and most recently as alchemist. 
How much light all this knowledge 
deriveds from deep reading and wide 
scholarship actually throws on Newton's 
yole in the history of mechanics or optics 
is still an undecided question. The first 
attempt, by David Castillejo, to discern a 
unity in all Newton’s work has remained 
unprinted (although copies are on deposit 
in certain libraries). In her new study of 
the earlier phase of Newton’s interest in 
chemical topics Mrs Dobbs, after settings 
out the background that Newton in- 
herited, investigates the kind of inform- 
ation about the nature of metals that 
Newton was looking for in his alchemical 
authors, and relates this to his own 
experimental endeavours. Finally, like 
Mr Castillejo (but more precisely), she 
explores the relations between alchemy, 
theory of matter and the concept of 
gravitation. 

There is a difficulty in this aspect of 
Newton’s work—for it was certainly a 








Illustration shows the ‘greene lyon’ de- 
vouring vivifying celestial influences, 
symbolised by the Sun, and emitting a 
vivified mercury, the living or ‘actuated’ 
character of which is symbolised by blood. 


serious enough activity to be judged 
work—which is encountered in studying 
Robert Boyle and others too. Newton 
actually published in his lifetime certaifi 
perfectly ragional views about chemical 
properties and the nature of matter 
(which were not without influence on the 
development of chemistry as a science). 
We also possess factual and fairly 
straightforward accounts of experiments 
that he made on such and such days 
written in his own hand. We have again 
personal and authentic expressions of 
interest as in his letters to Aston (as early 
as 1669) and to Locke about Boyle’s 
supposed incalescence of gold with 
mercury (August, 1692). And in his 
London years, later still, Newton kept 
up an acquaintance with the alchemist 
William Yarworth. Finally, there is the 
known’ extent of his own alchemical 
library and of his voluminous extracts 
from alchemical authors, by no means 
excluding those of the esoteric sort. 
What is largely (but not, it seems, 
absolutely) absent is any comment, 
explanation, or reworking of this last 
material from Newton’s own pen. His 
purposes, his intentions, his possible 
ambitions in collecting and studying it, 
have to be for the most part inferred. 

As is evident¢rom Newton's published 
chemistry, and from the experimental 
records first analysed by my wife and 
myself many years ago, Newton’s mind 
in all this worked at a rational, factual, 
indeed quantitative, level. In this respect 
Newton's pyrotechnical work shows no 
difference of principle from his work in 
optics. If this were not true it is impossible 
to understand how Query 3] or De 
natura acidorum could have been written. 
Much as we proposed nearly “twenty 
years ago, Mrs Dobbs writes of Newton’s 
translating alchemical processes into 
chemical terms which he could then 


subject to trial in the laboratory. If he 
plunged for enlightenment into the “most 
esoteric and mysterious productions of the 
alchemists”, he sought their meaning‘ by 
‘rational analysis’, and experimented 
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methodicaĦy, almost ploddingly (pp168 
and 175). 

In Boyle’s and Newton’s day it was of 
course perfectly rational to suppose that 
metals might be compound bodies and 
capable of chemical modification. Ac- 
cording to Mrs Dobbs, in a manuscript 
of his own composition headed Clavis 
(Key), Newton wrote out a detailed 
account of a process for preparing “a 
mercury dissolving all metals, particularly 
gold”. (Its humourless author noted that 
“one philosophical sign will appear to 
you: in the very making of the mercury 
there is a great stink”’.) Such solution was 
preliminary to the complete mastery of 
metals. Like Boyle, the writer of the 
Clavis saw gold apparently fermenting 
and changing colour in this menstruum, 

What is rather at stake is the question 
of Newton’scommitment to thealchemists’ 
ideas. Did their writings’ not merely 
contain hidden clues to actual pro- 
cedures which could be verified or falsified 
in the fire, but a profound esoteric 
insight into the workings of nature? 
Here (as also in Mrs Dobbs’ conjectural 
“school” of alchemy in Cambridge, 
whose leading activists were Isaac Barrow 
and Henry More, with Newton as their, 
neophyte) it is less easy to accord with 
her views. It is true that Newton in 
Opticks and in the discussion of comets 
in the Principia hints at the transformatj 
of a cosmic ‘spirit’ into water and so 
(as Boyle thought he had proved) into 
earth; such a progressive coalescence of 
the fundamental particles of matter 
(neither fermions nor bosons!) was not 
forbidden by contemporary theory, and 
had indeed been invoked by Descartes. 

There are other ways too in which, as 
Mrs Dobbs rightly points out, Newton’s 
faith in the “analogy of nature” led him 
into strange, or at least empirically 
unjustified speculations. But it seems 
needless to derive the concept of gravi- 
tational “attraction” (which Newton 
after all declared did not need to be an 
attraction and was certainly not inherent 
in matter) from alchemical origins, and 
extreme to affirm that “in a sense the 
whole of his career after 1675 may be 
seen as one long attempt to integrate 
alchemy and the mechancial philosophy” 
(p230). Are the mathematical papers in 
Dr Whiteside’s eight volumes equally to 
be seen as of no significance in Newton’s 
intellectual development ? 

Nevertheless, evgn the reader who may 
feel some reluctance to substitute Caput 
Mortuum for Caput Draconis, and some 
suspicion of any single key,to the secret 
of Newton’s greatness (marly have been 
offered), must find his understanding of 
Newton broadened and stabilised by 
Mrs Dobbs’ explorations of the more 
obscure recesses of his mind. g 





A. Rupert Hall is Professor of the History ef 
Science and Technology at Imperial College, 
London, UK. 
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J. D. North 





Copernicus: On the Revolutions of the 
Heavenly Spheres. Translated by A. M. 
Duncan. Pp. 328. (David and Charles: 
Newton Abbot. and London; Barnes 
and Noble/Harper and Row: New 
. York, 1976.) £12.50. 


Car ADEE SI ES TEN I I OE ENR ELIE 


Just as in the Middle Ages the Bible 
and Liturgy®were encased in Latin for 
the almost exclusive use of the priest- 
hood, so in our own time most ©f the 
scientific classics of history remain 
either untranslated or—what is worse— 
badly translated. It should not be 
necessary to plead the case for a trans- 
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Copernicus. The inadequacies of that 
prepared by Charles Glenn Wallis, and 
published in the series Great Books of 
the Western World, are easily exag- 
gerated, but too numerous to make it 
an acceptable stud@ent edition. Dr 
Duncan’s new translation is not only 
better, but it has the virtue of being 
separately availaBle—that is, without 
an obligation to purchase the other 53 
volumes of a collection. 

Dr Duncan’s style is modest, simple, 
and direct. His introduction could be 
readily understood by any sixth-former. 
The notes and introduction are not very 
long or profound, but neither are they 
likely to frighten away the inexpert 
reader. The heliocentric idea is kept 
to the centre of the commentary, where 
it belongs, psychologically if not tech- 
nically.. The simplicity of the comment- 
ary is, however, occasionally misleading 
—-as when the so-called theory of 
trepidation is considered, and as when 
modern disputes over Copernicus’ 
Aristotelianism and the reality of*the 
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spheres are deftly swept under the 
carpet. Copernicus’s. conservatism in 
the use of Ptolemaic methods and 
parameters is stressed, but Copernicus 
is represented as having made an ad- 
vance on Ptolemy by the introduction 
of systematic observational tests of. his 
model. The truth of the claim-—timply, 
because it is made so briefly in the.fn- 
troduction—is itself difficult to decide, 
but there are many who will find traces 
of special pleading in it, at least as far 
as it concerns*Ptolemy. 

The notes to the translation are slight 
and sparse, and the hibhography at the 
end even sparser. There are no indexes. 
The translation occupies almost nine- 
tenths of theebook, and it is of course 
by this that the volume must primarily 
be judged. Speaking generally, the 
version is acclirate and readable, and 
if it were possible to review the trans- 
lation at pedantic length, most of my 
own objections would concern matters 
of taste ‘rather than of substance. For 
example, out of kindness to the modern 
reader, commutatio is rendered as 
“parallax”. On the other hand obli- 
guatio is translated by the archaic 
“obliquation’’. I am not convinced that 
the flavour of the original is kept when 
causa is translated as “law” in such a 
context as Osiander’s preface, as here: 
“ . . this subject [astronomy] is com- 
pletely and simply igtforant of the laws 
which produce apparently irregular 
[planetary] motions”. And I think that 
“correction” is an insufficiently specific 
rendering of prosthasphaeresis. But any 
careful reader of the text will not find 
much difficulty with technical terms. 

The book is attractively produced at 
what must now be reckoned a very 
reasonable price, kept down by the ex- 
pedient of printing the many figures in 
wide central margins. These are 
occasionally a trifle too small to be 
easily read, and are taken from the 
1617 edition. 

It must be noted that Dr Duncan’s 
translation will soon be joined by 
another, produced by Edward Rosen 
for the Polish edition. The cost of the 
latter is likely to outstrip that of the 
David and Charles production, which 
is therefore more likely to reach the 
general reader, at whom the introduc- 
tion and notes are aimed, Further com- 
parison must be left until the Rosen 
translation is published. It is a moot 
point whether the market can take 
beth versions, but English-speaking 
fans of Copernicus, working on the 
surgeon's pripciple that an extra 
opinion is always valuable, will no 
doubt insist that you oannot have too 
much of a good thing. E 


DOSSO. 


J. D. North is Assistant Curator of the 
Museum of the History of Science, Univer- 
sity of Oxford, UK, 
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State of the 
Universe 
Stuart Sharrock 


Tite Key to the Universe: A Report on 
the New Physics. By N. Calder. Pp. 
196. (British Broadcasting Corporation: 
London, 1977.) £5.95. From Quarks to 
Quasars: An Outline of Modern 
Physics. By S. Thomas. Pp. viii+294. 
(Athlone: Londoft, 1977.) £3.95. 

IEEE LTTE EERE GAEL ATE TE LI RN SEH ELE TIO EIEN EN ESAE 
Very few books deserve to be read. 
Some are memorable for the informa- 
tion they contaifi and others for the 
pleasure they give. It if a rare delight 
to find a book that fulfils both these 
criteria. On the whole Nigel Calder’s 
latest offering, The Key to the Uni- 
verse, is such a treat. At times the 
complexity of the subject is over- 
whelming and tedium sets in, but these 
occasions are few and forgiveable. 
Most of the book manages to convey 
the sense of excitement and achieve- 
ment so sadly missing in the majority 
of texts on physics. It must be admit- 
ted, however, that reading this book 
can be hard work-—the very ,subject 
matter ensures “this—but those who 
persist will be well rewarded. The great 
advantage compared with the television 
programme presented by Nigel Calder 
on the same topic, is that the concepts 
can be taken in at a leisurely pace and 
the reader can refer back to items 
which were incompletely understood 
at first sight. 

The Key to the Universe is an at- 
tempt to explain in layman’s terms the 
recent developments in elementary 
particle physics and astrophysics which 
promise to produce a theory of the 
workings of the universe. Beginning 
with electricity and rapidly plunging 
into the weak force and gauge theories, 
quarks, colour and charm, the story 
moves on to gravity and exploding 
black holes, the Big Bang and broken® 
symmetries. These concepts are de- 
scribed in plain language and the text 
provides an excellent introduction to 
current beliefs concerning the origin 
of the Universe, how it works and how 
it is evolving. Only a Philistine could 
claim that this topic is not of interest: 
here it is presented in a manner whith 
is accessible and enjoyable. 

Like all good adventure stories there 
is a hero—the physicist. Not a single 
individual but*a series of people doing 
experiments and propounding theories. 
The potentially obscure concepts are 
illuminated by this emphasis on the 
personalities behind the ideas. But the 
story presented 1s one of almost un- 





qualified* success, and consequently 
sounds at times a little contrived; it 
would be more realistic and gripping 
if the villains also made an appearance. 

My major reservation is the fact 
that there are insufficient explicit state- 


ments about the*relative standing ofi 


different concepts. Ideas are given 
more or less equal weight irrespective 
of their current status. The experi- 
mental basis for charm is rather 
stronger than that for the decay of 
the proton, for example, and the uni- 
fication of electromagnetism and the 
weak force is considerably more ad- 
vanced than unification schemes in- 
volving gravity. The unwary reader 
may not recognise this. 

The initiated—whom are not syn- 
onymous with the intelligent—will no 
doubt find details which irritate. The 
muon, for instance, may well gust, be 
a heavy electron but it has had its own 
identity for decades; I find the label 
“heavy electron” bewildering and sad. 


But this is a minor level of complaint | 


about an attempt to explain the work- 
ings of the Universe in 200 pages. 

As a chronicle of recent achieve- 
ments presented in an exciting and 
responsible fashion this book is un- 
rivalled: the ‘concerned reader will 
gain access and understanding to an 
important part of our culture, but not 
without hard work. This book demands 
to be read. 

From Quarks to Quasars is an en- 
tirely different style of book. The 
suggestive title is misleading as only 
10% of the text is concerned with 
astrophysical phenomena, and the mes- 
sage of the book is not the connection 
between theories of the microscopic 
and the macroscopic. No attempt is 
made to be up-to-the-minute—charm 
is still a dream of the future and black 
holes do not explode. 

What is presented here is a compe- 
tent introduction to the atomic nature 
of matter at an elementary and descrip- 
tive level; the basic concepts are in- 
troduced and applied to provide a use- 
ful summary of the various states of 
matter: gases, plasmas, liquids and 
solids. Properties of the nucleus and 
elementary particles are discussed al- 
most as in a catalogue of ‘useful facts’, 
and the chapters on quarks and quasars 
are pure appendages. 

This is a physics book containing a 
large amount of useful, well-ordered 
and basic facts presented at an ele- 
mentary level in a readable but un- 

re A 
exciting style? It is ideal background 
reading for budding physicists* about 
to Start a university course; the un- 





committed will find it useful but 
uninspiring. B 
Stuart Sharrock is Physical Sciences 


Editor of Nature. 


New books from 





The Biology of Diatoms’ 

Botanical Monographs Volume 13, edited” HS 
by D.D. Werner. May 1977, 612 pages, 65 ee 
illustrations. £17.00 ae 


The Molecular Biology of Plant Cells 
Botanical Monographs Volurne 14, edited Dy- 
H. Smith Ph.D. FLBiol. May 1977.460 
pages, 150 illustrations, £13.50 


The Handbook of British Mammals 
Edited by G.B. Corbet and HN. Southern. 
Second Edition, June 1977. 560 pages, 184 
Hlustrations. £9.50 m 


A Dictionary of Immunology 

Edited by W.J. Herbert Ph.D. M.R.C.VS. 
D.T.V.M. and P.C. Wilkinson M.D. Second 
Edition, June 1977. 240 pages, 20 ilustra 
tions. Paper, about £5.00 Ei 


Microbia! Ecology 

Basic Microbiology Volurne 5, by R. 
Campbell B.Sc. M.S. Ph.D. May 1977. 160 -e 
pages, 56 illustrations. Paper, £4.25 | 


Plant Pathology and Plant Pathogens 
Basic Microbiology Volume 6, by C.H. 
Dickinson and J.A. Lucas. May 1977, 170e. 
pages, 65 illustrations. Paper, £4.25 


Pharmaceutical Microbiology 

Edited by W.B, Hugo B. Pharm. Ph.D. FPS. 
and A.D. Russell B Pharm. D.Sc. Ph.D. 
MPS. M.A.C. Path. May 1977, 352 pages, 
60 illustrations. Paper, £8.50 


Comparative Clinical Haematology | 
Edited by R.K. Archer Sc.D. F.R.C.V.S. and 
L.B. Jeffcott Ph.D, MIRC VS. June 1977, 
640 pages, 156 illustrations. About £20.00 


Solute Movement in the Soil-Root 
System a 
Studies in Ecology Volume 4, by P.H. Nygo oies 
M.A. and P.B.H, Tinker M.A. Ph.D, May 1977. 

352 pages, 96 WlAstrations, £12.80 : 


Plasma Proteins: Analytical and 
Preparative Techniques 

P C. Allen M.B.Ch.B. L.D.S., Elizabeth 
A. Hill B.Sc. Ph.D. and A.M. Stokes B.Sc. coss 
Ph.D. A.R.LC. June 1977. 304 pages, 100. . eS 
Hiustrations. About £10.00 ° 3 


Origins of Pest, Parasite, Disease and oo 
Weed Problems ‘oe 
Edited by J.M. Cherfett and G.R. Sagar. 
May 1977. 448 pages, 90 illustrations. 
£14.00 


Essential Immunology 
LM. Roin M.A. DSc. FRC Path. Third 
Edition, July 1977, 288 pages, 136 
illustrations. Paper, about £4.50 
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Astronomy Transformed: The Emerg- 
ence of Radio Astronomy in Britain. 
By D. O. Edge and M. J. Mulkay. Pp. 


xvi+ 482. (Wiley—Interscience: New 
York and London, 1976.) $31.75; 
£19.25. 


eee 


Harr way® through this book the 
authors state that they have completed 
their historical survey of the growth of 
radio astronomy. Their survey is 
primarily centred around the emerg- 
ence of the new science in the UK 
covering the period from 1945 to about 
1960—-extended to 1963 to cover the 
e discovery of quasars and, briefly, of 
pulsars in 1968. The authors state that 
they have chosen to base their descrip- 
tion “around the development of re- 
earch into discrete radio sources”, 
and within this restricted timescale and 
framework they have pursued their aim 
with great determination. Supported by 
extracts from taped interviews with 
many of the participants, and by a most 
thorough series of references to the 
literature, a detailed account has been 
given of fifteen years of remarkable 
progress in astronomy. 

In 1946, J. S. Hey published the 
evidence that a localised source of 
radio emission existed in the constella- 
tion of Cygnus. He and his colleagues 
had used the receiver section of an 
Army defence radar, and no-one could 
have foreseen the extent of the tech- 
nical developments which were to 
follow during the next two decades 
leading to the discovery of thousands 
of discrete sources of radio emission. 
Edge ana Mulkay provide a fair and 
largely unbiassed account of the 
successiog of arguments and con- 
frontations which by the end of their 
review period had led to a general con- 
sensus of opinion that the majority of 
these sources were extragalactic and 
that the measurements of their angular 
diameter and intensity distribution were 
of cosmoldgical significance—even if 
the nature of the significance remained 
in dispute. After the pioneer work of 
Hey this story centres largely around 
the developments at Cambridge, Jod- 
rell Bank and Sydney, and some of the 
participants will no doubt be surprised 
fo be reminded how rapidly their 
opinions changed. 


Book Review Supplement 





The meeting of the Royal Astro- 
nomical Society in October, 1951, was 
the occasion of a memorable exchange 

*between Gold, Ryle and Hanbury 
Brown; and it is a pity hat the full 
extract from this (like much other im- 
portant material) Has been relegated 
to appendices of notes and references 
which greatly increase the difficulty of 
a thorough study of the book. By 1951, 
although a few of the radio sources 
had been identified with extragalactic 
nebulae, Gold was almost alone in 
maintaining that the majority of the 
radio sources must be extragalactic. 
Even by 1957, when several thousand 
radio sources had been delineated, only 
eight had been identified optically; and 
three of these were associated with 
nebulosities in the Milky Way. By that 
stage the astronomical community was 
immersed in the contentious argu- 
ments about the differences between 
the Cambridge and Sydney radio source 
counts and whether they had relevance 
to the cosmological problem. Since Dr 
Edge was a graduate student in® the 
Cambridge group for four of these 
remarkable years, he has been able to 
penetrate the details of a complex 
story, confused by the fact that, on 
the wavelengths then if use, the three 
strongest radio sources were near the 
galactic plane; but whereas two were 
supernova remnants in the Milky Way, 
the second strongest was a remote and 
peculiar extragalactic object. 

The scope of the second half of the 
book is different. Here the authors in- 
vestigate the relationships between the 
various groups of radio astronomers, 
the djffering developments of the in- 
dividual groups, the effect of radio 
astronomy on classical optical astro- 
nomy, and the extent to which the 
study of the emergence of radio astro- 
nomy contributes to the more general 
problems of the development of new 
areas of scientific inquiry. Parts of this 
will form compulsive reading for those 
who were in any way associated with 
these developments. 

The bitter dispute over the radio 
source counts between the Cambridge 
and Sydney groups is summarised 
fairly. The remarkable secrecy main- 
taingd by Hewish and his colleagues 
over the pulsar discovery is described 
in relation to the problem of coopera- 
tion and competition, but the authors 
have balked the task of penetrating 
the Cambridge observational /theoretical 
conflict which has had such an in- 
fluence on the pregent organisation of 


theoretical astronomy iff the UK. In, 


fact, their comment on this important 
matter is relegated to a footnote fiear 
the end of the book in which? referring 
to Hoyle, Gold and Bondi, they re- 
mark that the three “found themselves 
in Cambridge, but without any mean- 
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ingful relationsHip to the small observa- 
tional radio astronomy group, with 
whom they found dialogue difficult”. 
The most unsatisfactory feature of 
the book is the long chapter on The 
Social Structures of the Groups in 
which the authors “attempt to build up 
a picture of the evolution of the social 
structure and differentiation within hë 
Cambridge and Jodrell Bank groups”. 
They do this in a most peculiar 
manner-—-from ‘“‘publication profiles, 
and co-authorehip and citation statis- 
tics’, and by quotation from anony- 
mous members and ex-members of the 
two groups. The recollection of strug- 
gling research students of twenty to 
thirty years, ago—-however eminent 
they maf be today——is scarcely a satis- 
factory means of making this investiga- 
tion. In facte I have difficulty in 
regarding this chapter seriously as a 
work of scientific or social investiga- 
tion especially when after 57 pages the 
conclusien is reached that “the differ- 
ences between the two groups can be 
adequately explained by postulating 
simply that Ryle and Lovell ‘are two 
different people’. It is our view, how- 
ever, that such a move is unnecessary’, 
We are different people and it is those 
differences embraced within a frame- 
work of mutual understanding and 
collaboration about the problems of 
development in a sogiety with limited 
resources which have enabled both of 
our groups to survive and develop. 
This chapter suffers in comparison 
with the following chapter on Some 
Sociological Implications. This is by far 
the most important and vajuable 
section of the book in which the in- 
novation of radio astronomy is placed 
in the historical context and compared 
with the emergence of other new 
scientific disciplines. Particular com- 
parisons are made with Ben-David’s 
study of nineteenth-century innova; 
tions in medical science, of Mulkins’ 
study of the orgin of molecular biology, 
and of the study by Dolby of the 
emergence of physical chemistry in the 
nineteenth century. This is a significant 
contribution to the scarce literature on 


ea subject which should be of great 


concern to contemporary society, and 
is worthy of wider circulation than it 
is likely to obtain in this book. Clearly, 
Edge and Mulkay have condensed their 
information from an analysis of a 
great deal of published work and taped 
interviews; but further substantial 
seetions could have been excised before 
publication, without detracting from a 
valuable historical narrative. [a 
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Sir Bernard Lovell is Professor of Rgdio 
Astronomy and Director of the Experi- 
mental Station at the University of 
Manchester Nuffield Radio Astronomy 
Laboratories, Jodrell Bank, UK. 
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THE PHYLOGENY OF VERTEBRATA 


by S. Lovtrup, Department of Zoophysiology, University of Umea, 
Sweden. 


Professor Lovtrup’s particular approach is to submit a theory of 


phylogenetic claSsification in which he attempts to establish the 
ancestry and divergence of the vertebrates. His conclusions are in 
some cases unexpected and rather heretical. 

A theory of evolution is also prpposed in which it is claimed that 


many evolutionary innovations have involved large-scale 
changes. ° 
0471 99412 X 342 pages April 1977 £15.00/$29.50 


COMPUTED BRAIN AND ORBITAL 
TOMOGRAPHY: Technique and 


Interpretation 

by C. F. Gonzales, Hahnemann Medical College and Hospital of 
Philadelphia; C. B. Grossman, Milton S. HePhey Medical 
Center, E. Palacios, Loyola University Medical Center; and J. L. 
Parr, Hahnemann Medical College and Hospital of Philadelphia. 
A simplified, succinct, and graphic approach to the fundamental 
principles, technique and interpretation of computed brain and 
orbital tomography. Topics include: Basic Physical Principles: 
Artifacts and Sources of Error; CT Scanning: Diagnostfc 
Approach; Neuroanatomy: Correlative Anatomy and CT 
Scanning; Pathological Conditions: Neoplastic Disease; Vascular 
Disease; Neurocutaneous Disorders; The Orbit: Orbital Anatomy 
and Pathology, and New Developments in CT Scanning. 


0471 01692 6 288 pages March 1977 £21.7536.85 


PRINCIPLES OF ULTRAVIOLET 
PHOTOELECTRON SPECTROSCOPY 


by J. W. Rabalais, University of Houston. 

Discusses the phenomenon of photoionization and its resulting 
consequences by means of modern quantum chemical methods. 
Presents some of the highest resolution photoelectron spectra 
available to date many of which have not been published 
previously. 

Wiley Interscience Monographs in Chemical Physics. 


0471 70285 4 472 pages April 1977 £22.50/$36.00 


BIOLOGICAL EFFECTS OF 
MICROWAVES 


by S. Baranski, institute of Aviation Medicine, and P. Czerski, 
National Research institute of Mother ang Child. 

This book presents a critical survey of the literature on the 
biological effects of microwaves. Included are microwave 
generation and propagation, mechanisms of interactions of 
microwaves with living systems, experimental data on the 
biological effects of microwaves, a review of the health status of 
personnel professionally exposed to microwaves, and a review of 
safe exposure limits adopted in various countries. 

0470 99041 4 234 pages April 1977 £9.00/$15.25 


Published by Dowden, Hutchinson & Ress Inc., and distributed by 
John Wiley & Sons Ltd. 


+ 











WILEY 


INTERSCIENCE 





ENERGY, ENVIRONMENT, 
POPULATIONS, AND FOOD: Our 


Four Interdependent Crises 

by G. L. Tuve, Case Western Reserve University. 

A concise easy-to-read text, giving factual information and 
discussion on the four interrelated problems. of energy, 
environment, populations, and food. Discusses planning for 
American economic, social and personal futures. 

0471 02091 5 278 pages March 1977 £11.00%19.00(cioth) 
0471 02090 7 zs j £5.95/$ 10.30(paper) 
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STRATEGY OF POLLUTION CONTROL 
by P. M. Berthouex and D. F. Rudd, both of University of 
Wisconsin, Madison. 

This deals with water, air, and land pollution as an integrated whole 
using innovation and logical design for solving pollution control 
problems. Stresses the importance of accounting for material and 
energy, exploitation of chemistry and biological reactions, 
synthesis of integrated sequences of reactor material, separation 
systems, and policy evaluation. 
0471 74449 2 590 pages 


March 1977 €14.20524,00 


X-RAY FLUORESCENCE ANALYSIS 
METHODS FOR AEROSOL AND 
WATER POLLUTION SAMPLES 


edited by T. G. Dzubay, Research Physicist, Environmental Science 
Research Laboratory, U.S. EPA Research Triangle Park. 
At a time of heightened awareness of potential health hazards to 
communitie exposed to various substances in the drinking water 
and in the atmosphere, this book presents approaches: and 
methods for analyzing trace elements in atmospheric aerosols and 
in water using X-ray fluorescence spectrometry. This book brings 
together the contributions of the chemists and physicists who have 
made advances in the field of X-ray spectrometry for trace element 
analysis in the environment. 


0250 40134 7 320 pages April 1977 £18.50/$30.25 


Published by Ann Arbor Science inc., ‘and distributed by John 
Wiley & Sons Ltd. 


SMOKE, DUST AND HAZE: 


Fundamentals of Aerosol Behavior, 

by S. K. Frieglander, California Institute of Technology. 

This fext concerns the fundamentais of aerosol behavior. The 
first half of the book focuses on particle transport and optical 
properties of aerosols. The second half discusses the dynamics of 
size distribution. Worked examples and problems are included 
after each chapter. 
0471 01468 0 £17°35/$ 19.50 


338 pages April 1977° 


WILEY & SONS 


NEW YORK - CHICHESTER - SYDNEY - TORONTO 


John Wiley & Sons Ltd - Baffins Lane 


‘Chichester - Sussex - PO19 1UD - England 
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—I he Biology of 
Marsupials 


Edited by DON HUNSAKER I 


CONTENTS: D. Hunsaker ll, Introduction. J. A. W. 
Kirsch, The Classification of Marsupials. L. K. 
Schneider, Marsupial Chromosomes, Cell Cycles, 
and Cytogenetics. D. Hunsaker I, Ecology of New 
World Marsupials. J. /. Johnson, dr., Central Nervous 
System of Marsupials. D. Hunsaker Il and D. Shupe, 
Behavior of New World Marsupials. B. J. Bryant, The 
Development of the Lymphatic and Immuno-Hema- 
topoietic Systems. R. D. Barnes, The Special Anatomy 
of Marmosa robinsoni. S. Potkay, Diseases of Mar- 
supials. D. Hunsaker ll, A Selected Bibliography of 
New World Marsupials. J. A. W. Kirsch, Appendix: 
Notes on Nomenciature. 

1977, 560 pp., $36.00/£25.55 ISBN: 0-12-362250-6 





_ Regulation of 
‘Parasite Populations 


Edited by GERALD W. ESCH 
_ With Introductory Remarks by BRENT B. NICKOL 


CONTENTS: B. B. Nickol, Introductory Remarks. 
= G. W. Esch et al., Parasitism and r- and K-Selection. 
TOLA. Kennedy, The Regulation of Fish Parasite Popu- 
- fations. G. A. Schad, The Role of Arrested Develop- 
-ment in the Régulation of Nematode Populations. 
R. P. Hirsch, Use of Mathematical Models in Parasit- 
ology. J. C. Holmes et al., Populations in Perspective: 
*Community Ofganization and Regulation of Parasite 
“Populations. 

1977, 264 pp., $13.00/£9.25 ISBN: 0-12-241750-X 





Advances , 
in Genetics 
VOLUME 19 
Edited by E. W. CASPARI ° ‘ 


CONTENTS: P. A. Parsons, Genes, Behavior, and ° 
Evolutionary Processes: The Genus Drosophila. E. 
Kafer, Meiotic and Mitotic Recombination in Asper- 
gillus and Its Chromosomal Aberrations. D. D. 
Perkins and E. G. Barry. The Cytogenetics of 
Neurospora. R. Sager, Genetic Analysis of Chloro- 
plast DNA in Chlamydomonas. N. C.*Mishra, Genetics 
and Biochemistry of Morphogenesis in Neurospora. 
C. F. Konzak, Genetic Control of the Content, Amino 
Acid Composition, and Proceb$sing Properties of 
Proteins in Wheat. a 

1977, 608 pp., $44.50/£31.60 ISBNs 0-12-017619-X 


Advances in Applied 
Microbiology 


VOLUME 21 
Edited by D. PERLMAN 


CONTENTS: J. F. Martin and L. E. McDaniel, Produc- 
{0 on of Polyene Macrolide Antibiotics. T. Misato et al., 
se of Antibiotics in Agriculture. E. J. Vandamme, 
Enzymes Involved in B-Lactam Antibiotic Biosyn- 
thesis. D. J. D. Hockenhull, Information Controlin 
Fermentation Development. A. H. Shipman et al., 
Single-Cell Protein Production by Photosynthetic 
Bacteria. J. Saxena and P. H. Howard, Environmental 
Transformation of Alkylated and Inorganic Forms of 
Certain Metals. P. K. Ray, Bacterial Neuraminidase 
and Altered Immunological Behavior of Treated ° 
Mammalian Cells. H. W. Matthews and B. F. Wade, 
Pharmacologically Active Compounds from Microbial 
Origin. 
1977, 320 pp.; $23.00/£16.35 ISBN: 0-12-002621-X » 


An Introduction to 
Biophysics 


By CHRISTIAAN SYBESMA 


This volume ferms the basis for a complete 
introductory course in biophysics. The first section 
places biology within the context of the physical 
sciences and defines the cell and its constituents. 
Treatments of the relationships between molecular 
structure and biological function follow essential life 
processes (comprised under the heading bioener- 
getics) and the sensory systems are discussed next, 
and a final chapterds devoted to theoretical biology, 
an area of biology which emerged very much by 
virtue of the physical sciences-approach to biology. 
Although the author assumes a familiarity with the 
elements of calculus quantum mechanies, and 
thermodynamics on the part of the chemist or 
Spel he does include appendices on elementary 
quantum mechanics and thermodynamics which 
render the book suitable for a more general 
audience, 

1977, 286 pp., $19.50/£13.85 ISBN: 0-12-679750-1 
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| Early L Developmerit 


` By ERIC H. DAVIDSON 


First published in 1968 and now. completely 
revised and updated, Geng Activity in Early Devel- 
opment provides a novel and critical treatment of 
selected key topics is the molecular biology of 
animal development. The emphasis js on the role of 
the genetic apparatus in the processes of oogenesis 
and early embryogenesis. Thus the molecular biology 
of nucleic acids and proteins in developing systems 
is a central issue in this book. The author includes 
a general summary of renaturation and hybridization 
Kinetics and a quantitative review of data’on nucleic 
acid synthesis and turnover, and protein synthesis 
during early embryogenesis. 

1977, 464 pp., $18.50/£13.15 ISBN: 0-12-205160-2 


Reproduction of 
Eukaryotic Cells 


By DAVID M. PRESCOTT 


The primary purpose of this volume is to integrate 
recent discoveries about the molecular biology of the 
cell cycle into a comprehensive explanation of cell 
reproduction—its regulation and disruption of its 
regulation. The author has organized into a single 
discu$sion the principal facts and observations on 
the cell life cycle, and on the reproduction of eukary- 

«otic cells. His integrated, up-to-date treatment adds 
considerably to our overall understanding of how 
cells reproduce themselves and how this reproduc- 
tion is regulated—matters currently of key signifi- 
cance in the biological and biomedical sciences. 
1976, 192 pp., $14.50/£10.30 ISBN: 0-12-564150-8 





Forthcoming... 


Biology of Bats 
VOLUME 3 


Edited by WILLIAM A. WIMSATT 


CONTENTS: J. Bradbury, Social Orggqnization and» 
Communication. A. Novick, Acoustic Orientation. F. 
Kalien, The Cardiovascular systems: Structure and 
Function. M. Riedese/, Blood Physiology. J. ° 
Rasweiler IV, The Care and Management of Bats as 
Laboratory Animals. (The above contents are 
tentative.) DE 
q 977, about 625 pp., in preparation ISBN: 0- 12-758003-4 








Biology and C eology 
of Coral Reefs- 


VOLUME 4/Geology 2 


Edited by O. A. JONES and R. ENDEAN: 
CONTENTS: H. S. Ladd, Types of Coral Reefs and- 








Their Distribution. J. A. Steers and D. R. St8ddart, 
The Origins of Fringing Reefs, Barrier Reefs, and ~ 


Atolls. D. R. Stoddart and J. A. Steers, The Nature 
and Origin of Coral Reef Islands. R. E. Chapman: 


Economic Geology and Fossil Coral Reefs. G.R. 


Orme, Aspects of Ecology and Sedimentation in 
Coral Reef Environment. H. H. Veeh and D. Green, 
Radiometric Geochrenolgy of Coral Reefs. O. A. 
Jones, Some Notes on the Coral Reefs of the 


À 


Solomon islands, Together with a Reference to New - 


Guinea. O. A. Jones, The Great Barrier Reefs 


Province, Australia. Partl: A Summary of the Geology 


and Hydrology of the Queensland Coast and the 
Continental Shelf; Part Il: A Bibliography of the 
Geology and Hydrology of the Great Barrier Reefs 


and the Adjacent Queensland Coast. A. R. Lloyd, The: 


Basement Beneath the Queensland Continental! 
shelf. G. R. Orme, Sedimentation on the Coral Sea 
Plateau—A Major Reef. (The above contents are 
tentative.) 


1977, about 325 pp. in preparation ISBN: 0-12-389604-5 3 ~~ 
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Advances in 
Inorganic Chemistry 


and Radiochemistry — 
VOLUME 20 
Edited by H, J. EMELEUS and A. G. SHARPE 


CONTENTS: D. A. Johnson, Recent Advances in the i AS 
Chemistry of the Less-Common Oxidation States of ee: 


the Lanthanide Elements. A. Tressaud and IM. 


Dante, Ferrimagnetic Fluorides. G. L. Geoffroy and 


J. R. Lehman, Hydride Complexes of Ruthenium, 
Rhedium, and Iridium. J! Catterick and P. Thornton, 
Structures and Physical Properties of Polynuclear 
Carboxylates. 

1977, about 375 pp., in preparation ISBN: 0-12-023620-6 
Prices are Subjeci to change without notice. Customers 


ordering faom Academic Press New York—send payment with 
order and saye postage plus $.50 handling charge. 


ACADEMIC PRESS, INC. 


A Subsidiary of Harcourt Brace Jovanovich, Ptiblishers 


111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 
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of the Lung 3rd Edition 


Editor: H. SPENCER, St. Thomas’s Hospital Medical School, 
London 

An up-to-date new edition of a major reference work in the 
fieid of Pulmonary Pathology. Every chapter has been 
thoroughly revised and many new sections have been added. 
New. additions to the varieties of lung tumours have also been 
irfcluded and extensive changes made to the chapters on the 


_. pulmonary reticuloses and hamartomatous states. 


As in previous editions the emphasis has been directed 
primarily towards the pathology and pathogenesis of the 
disease, and this has been integrated with the clinical aspects 


* in mast cases. 


April 1977 
$95.00 £47.50 


1100pp 768 illus 
ISBN 0 08 021021 X (Two-volume set) 


Metallic Shifts in NMR 


A Review of the Theory and Comprehensive Critical 
Data Compilation of Metallic Materials 


G.C. CARTER, L.H. BENNETT & D.J. KAHAN, Alloy Data 
Center, National Bureau of Standards, Washington, U.S.A. 


A unique and exhaustive compilation of NMR spectra of ali 
metals and their alloys, providing the largest and most compre- 
hensive review ever published on the subject of NMR Knight 
shifts in metallic media, and including an extensive bibliography 
of over & 000 literature references. This large and authoritative 
work will be an indispensable source of reference to a wide 
range of scientists and research workers. 

Ap NBS Office of Standard Reference Data Product. 


2330pp 4 volume set March 1977 
ISBN 0 08 021143 7 $300.00 £165.00 


Available to subscribers of Progress in Materials Science at the 
reduced price of $200.00 £111.00 


Progress in Materials Science Volume 20 


industrial Energy Conservation 
A Handbook for Engineers and Managers 


D.A. REAY, international Research & Development Co. Led., 
Newcastle-upon-Tyne, England 


Provides plant engineers, energy managers and others in 
industry with a broad insight into the economics and practica! 
engineering aspects of energy usage and cost. It contains the 
answers to questions which confront every responsible plant 
engineer who is concerned with the efficient utilization of 
energy. it presents a practical guide to a variety of energy- 
conserving measures relevant*to a wide range of industries, 
with an emphasis on practical application. 


370pp March 1977 

iSBN 0 08 020867 3 $20.00 £11.60 

ISBN 0 08 0217168 flexi $12.50 £ 6.95 

Sun Power 

An Introduction to the Applications of Solar Energy 
dC, MeVEIGH, Brighton Polytechnic, England i 


An authoritative current State-of-the-art analysis of all aspects of 
Solar Energy, this book provides a coneise introduction to the 

o wide range of solar applications. Practical construction details 

< of several modgrn solar systems are included, together with 

- methods of astessing the economics of their use. 

--180pp March 1977 

i SBN 0 08 020863.0 $10.50 £6.00 

: N 008 020862 2 flexi | $ 4.95 £2.75 ý 
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| Press 


Refléctions on Biochemistry 


Editors: A. KORNBERG, B.L. HORECKER, ° 


L. CORNUDELLA, J. ORO 


independent Opinions: 
“Overall, the standard is high. This is a book from which 


students can learn more about biochemistry and its development 


(more painiessty, dare one say?) than from any textbook. 
Equally, it is a volume to dip into for pure enjoyment or 
historical background.” 


Bernard Dixon New Scienti#t January 1977 


“All biechemists should read this truly fascinating book.” 


Sir Rudolph Peters, Trends in Biochemial Sciences, April 1977 


ISBN 0 08 021011 2 $25.00 £12.50 


ISBN 0 08 021010 4 flexi . $9.50 £4.75 
1976 475pp 97 illus. + 
Chemical Engineering 

Volume 1 3rd Edition . 


J.M. COULSON, University of Newcastle upon Tyne and 
J.F. RICHARDSON, University College of Swansea, with the 
editorial assistance of J.R. BACKHURST, University of 
Newcastle upon Tyne and J.H. HARKER, University of 
Newcastle upan Tyne 


This well established and highly regarded textbook which covers the 


physical basis of the three major transfer operations of fluid 
floW&, heat transfer and mass transfer has now been considerably 
extended and modernised. In addition, the SI system of units 
has been incorporated and a neweection on the flow of two 


phase gas-liquid mixtures has been added to reflect the increased 


interest in the gas and petroleum industries. 


independent opinion of Volumes 1 and 2 
“These two volumes are outstanding in this field and present a 
formidable challenge to all previous chemical engineering 


textbooks.” Nature 
April 1977 

ISBN 0 08 020614 X $25.00 £12.50 

ISBN 0 08 021015 5 f $15.00 £7.50 

412pp 227 illus 248 x 173mm 


Photographic Star Atlas 3 Volumes 


C. PAPADOPOULOS, Johannesburg, South Africa 


Ratt ISU HEMATOL EPMA AMAL rent ae cra s PEPEE AR EAN an 


Pre-publication offers (expiring June 30 1977) 
Save $50 on the 3 volume set 
ISBN 0 08 021632 3 

Save $25 on Vols 1/2 

ISBN O 08 021631 5 


A photographic star atiag, consisting of three volumes covering 





$225.00 £125.00 


$300.00 £165.00 





Southern, Equatorial and Northern stars in which for the first time 


stars appear in size exactly as the eye sees them. There are 
approximately 16 preliminary pages to each volume and 
approximately 450 photographs in ail in the form of toose leaf 
plates. A useful tool to ali astronomers, especially when used in 
conjunction with a telescope in order to locate faint stars. 


Voi 1 (Southern) 
ISBN 0 08 021622 6 
Vol 2 {Equatorial} 
ISBN 0 08 021623 4 


ISBN 0 08 021626 9 e 





Headington Hill Hall, Oxford OX3 OBW, England 
Fairview Park, Elmsford, New York 10523, USA — 


Leaflets available on request for all titles listed. 


approx $100.00 £55.00 
approx $150.00 £85.00 


approx $100.00 £55.00 
* 
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Optical 
astronomy 


Bernard Pagel 


Ss terne--K osmos—Weltmodelle. (Er- 

lebte Astronomie.) By O. Heckmann. 
Pp, 353, (Piper: München and Zürich, 
1976.) DM36. | 


ane 
Tuis book is a collection of essays by the 
most distinguished living German optical 
astronomer and theoretical cosmologist 
of what is now the older generation. 
Scientific and autoBiographical material 
is combined to make an tfnuswally lively 
and lucid account in non-technical 
(German) language of the developments 
in which the has played a leading role: 
cosmology, positional astronomy, star 
clusters, development of the Hamburg 
Observatory (of which he became Director 
in 1941 after a four-year interregnum due 
to reservations as to his acceptability by 
the Nazi authorities), and the foundation 
of the European Southern Observatory 
(ESO, of which he was the first Director 
General from 1962 until his retirement in 
1969). There are also shorter articles, 
including an obituary of the great Walter 
Baade, a Presidential address on the 50th 
anniversary of the Internationa] Astro- 
nomic&l Union arfd some experiences that 
read like short stories. 

In the section on cosmology (described 
with deceptive modesty as the author’s 
‘hobby’), the most interesting chapter 
provides an account of the history of the 
subject, his own involvement therein, and 
its relationship to German politics in the 
Nazi era. In the face of the official and 
noisy campaign against “Jewish physics”, 
Heckmann held seminars on special 
relativity and on cosmology in which he 
took pains to expose the futility of such 
distinctions; and in 1942 (by which time 
that campaign had lost some steam) he 
published an important monograph on 
Theories of Cosmology which gave clear 
expositions of Newtonian, general relati- 
vistic and kinematic cosmology, but 
nevertheless got past the censor (perhaps 
because its arrangement soclearly brought 
out the connections between them), 
earning international acclaim. After the 
war, Heckmann continued to make 
important contributions to the founda- 
tions of cosmology until deflected by the 
departure of his collaborator, E. 
Schiicking, and his own involvement with 
ESO. He gives a very clear and thoughtful 
description, enlivened with personal 
experiences, of developments up to the 
present, together with further chapters on 
historical and philosophical aspects. 

Heckmann’s chief personal contribu- 
tidns to optical astronomy were in the 
study of open star clusters (largely in 
collaboration with H. Haffner), notably 
the precision colour-magnitude diagram 





‘picture of a man who has served the | 


bad 
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of Praesêpe. The astrophysical signifi- | 


cance and the enormous work involved 
in reaching a degree of accuracy un- 
precedented in 1937, are very welP 
described, although in this case the 
+ . 

absence of any diagrams from the book 
is a weakness. At Hamburg, clusters 
continued to be a major preoccupation; 
another was positional astronomy— 
completion of the AGK2 and launching 
of the AGK3, which now provides proper 
motions and spectral types for 180,000 
stars. Situated 20 km east of the city 
centre, Hamburg Observatory emerged 
from the War almost unscathed, although 
there was a narrow escape in the final 
battles around Lüneburg. After the War 
its staff was enlarged and its facilities 
enhanced with an 80-cm Schmidt tele- 
scope originally planned in 1937 in the 
hope of attracting Baade; it took 
immense political skill to get genewed 
funding in 1948. Significant studie$ of 
galactic structure were carried out with 
this instrument in the late 1950s, but its 
usefulness was already becoming restricted 
by ecity lights; and it has now been 
moved to the new Spanish—-German 
observatory near Almeria. 

The ESO project was suggested in 1953 
by Baade as a means of redressing the 
balance both between the Northern and 
Southern Hemisphere and between US 
and European optical astronomy; to 
save time and money, direct copies. of 
Californian telescopes were to be used. 
Governmental support was rapidly se- 
cured in Holland, Belgium, Sweden and 
West Germany, and later in France and 
Denmark: and the Ford Foundation 
contributed a million dollars. Progress 
was slow, however, until the 1960s when 
the site of La Silla in the Andts was 
finally adopted after extensive site- 
testing in South Africa and Chile. It now 
boasts a fine collection of instruments 
including a 3.6-m  Ritchey—Chrétien, 
together with offices and laboratories in 
La Serena, Santiago and Geneva—a far 
cry from the quick project based+on 
existing designs envisaged by Baade, but 
nevertheless a great achievement which 
owes much to the energy and foresight of 
its first Director-General. a 
- Heckmann’s book gives. a rounded 


scientific community well through his 
thoughtful intelligence, integrity anf very 
considerable courage, together with out- 
standing scientific and international 
vision, applied with great administrative 
and diplomatic ability. It is well worth 
reading, also, as an authoritative and 
often engagingly frank account of some 


of the most important developments in 


cosmology and optical astronomy in 
regent years. CJ 


+ 





Bernard Pagel is Deputy Chief Scientific 


Officer at the Royal Greenwich Observatory, 
and Visiting Professor at the Astronomy 
Centre, University of Sussex, UK. 
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JOURNAL OF NEUROBIOLOGY _ 
An International Journal - 
Editor-in-Chief: Graham Hoyle, 
University of Oregon pi | 


JOURNAL OF NEUROBIOLOGY was 
launched in response to the rapid expan- 
sion in neuroscience research that 
occurred in the 1960's. It serves the 
needs of investigators working in new 
areas as an established outlet for both 
vertebrate and invertebrate studies. 


The new Editor-in-Chief, Graham Hoyle, 
intends to establish a trend in a particu- 

lar, though broadly-based, interdisciplin-_ 
ary direction. The common theme willbe: 
how nerve cells generate behavior. Worle = 
on all types of organism, at alllevels, and 

utilizing any kind of technique will contin- 
ue to be published, but preference willbe 
given to papers that contribute to this —— 


central theme. —_ 
Volume 8, 1977 UK.£39.65 — 
Bimonthly U.S. $55.00 | 
Elsewhere $63.00 _ 
DEVELOPMENTAL 
PSYCHOBIOLOGY 


An international Journal _ 
Editor-in-Chief: Gilbert W. Meier, 
University of Nebraska Medical Center 


DEVELOPMENTAL PSYCHOBIOLOGY iS- 
a forum for important research concern- 
ing the effects of physiological, environ- 
mental and genetic conditioning on an 
organism's development and later func- 
tioning. Primary emphasis is on studies 
examining the neurological, endocrinolo- - 
gical, enzymatic and behavioral systems 
of humans and animals treated experi- = 
mentally during the early stages of life... 
The journal also publishes purely = 0 
descriptive and theoretical papers. . “eee 






Bimonthly UE 
Elsewhere: 


Wiley-Interscience Journals 
John Wiley & Sons, Inc. ae 
605 Third Avenue wi 
New York, N.Y. 10016, U.S.A. 
Baffins Lane, Chichester 
Sussex PO19 1UD, England 
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Nineteenth 
century 
kinetic Loey. 
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The Kind of Motion We Call Hear 
A History of the Kinetic Theory of 
Gases in the 19th Century. Book 1: 
Physics and the Atomists. Pp. xxxix+ 
1-302. Book 2: Statistical Physics and 


. irreversible Processes. Pp. xxxix + 303- 


769, By S. G. Brush. (North-Holland: 
New York and Oxford, 1976.) DR. 210; 
$83.95 the set. 

PEE VONNE A E E AA AAAA AO 


Ir is not until he reaches pl68 of this 
weighty monograph that the author 
admits that its title is taken, in literal 
translation, from that of Clausius 
paper of 1857 which, as he says, “‘de- 
fined the scope and viewpoint of most 
19th-century work in the kinetic theory 
eof gases”. Nothing else in the mono- 
graph gs similarly derivative. Since he 
was invited to deliver a seminar at 
Harvard in 1954, Dr Brush has im- 
emecrsed himself in his chosen subject, 
and has written copiously about it. 
The present publication is a re-presen- 
tation and up-dating of the contents 
of 17 articles (the author says 15) 
which gees under his name (one 
with C. W. F. Everitt as collaborator) 
in various D a between 1957 and 
1974. These have been organised in two 
sequences. In Book I are accounts of 
the relevant contributions of seven 
individuals, from John Herapath (1790- 
1868) to Ernst Mach (1838-1916); in 
Book 2 discussions of seven ‘problems’ 
which exercised the minds of nine- 
teenth century scientists and philoso- 
phers—-problems ranging from “the 
wave theory of heat” to “Brownian 
movement’. These two sequences are 
prefaced by a 100-page “introductory 
survey”, specially written to give 
coherence to the whole work. 
This is an interesting arrangement; 
-< howevere’as the author concedes, it 
“obviously entails considerable re- 
dundancy”’. “That may not be a dis- 
advantage”, he adds, optimistically, 
“ıı the reader can juntp into 
the... chapters in almost 
order . . without losing too much of 
Unhappily, such ; 
. licence is not vouchsafed a reviewer— 
although when he meets an outline of 
a of Boltzmanns H 
= theorem for the third time he is 
pted to skip. a 
he. chapters ,are divided into sec- 







gether at the end of each section. There 
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are some 108 sections so dnnotated, 
and with the number of sectional foot- 
notes ranging from 1 to 59, it will be 
sclear that the publishers’ claim that 
“the author's historical researches have 
gone far beyond any other books on 
the subject” has at least statistical 
justification. Moreover, the last 49 
pages of the monograph contain a 
separate brbhography, with brief indi- 
cation of content, of 539 publications, 
listed by authors arranged alphabetic- 
ally. These publications, Dr Bush con- 
siders, constitute the essence of the 
matter, so far as the nineteenth cen- 
tury is concerned. He has cited 
“thousands” of others in the footnotes 
but he admits that they are “minor 
works”. 

What, then, has this monumental 
effort achieved? A balanced account 
of the history of the development of 
the subject within the century surveyed 
_ that cannot be gainsaid--and a re- 
distribution of emphasis and credit. 
Credit to Herapath and Waterston for 
being in advance of their time (lasgely 
because the notion of heat as a wave 
process, which became popular in the 
early years of the ninteenth century, 
went far to diminishing the impact 
of the experimental. researches of 
Rumford and Davy). Similar credit 
to Leshe as the first to distinguish 
the three modes of heat transfer. 
Credit to Loschmidt and E, P. Culver- 
well for pertinent criticisms which led 
Boltzmann to a deeper study of his 
statistical theory. And, in respect of 
the last years of the century, a re- 
appraisal of the discontents which beset 
kinetic theorists generally-—the prob- 
lem 6f gaseous specific heats seen as 
a minor problem, in comparison with 
more fundamental doubts of a quasi- 
philosophical character concerning 


randomness and irreversibility. 

No-one will read Dr Brush’s account 
without having his horizons widened 
and his detailed knowledge of the his- 
tory of the subject immeasurably in- 
creased. It must be said, however, that 
he is likely to be much irritated in the 
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process. Leaving .dside the ‘redundan- 
cies’ in text and footnotes (it would 
seem almost as if the field is wide 


enough to sustain an.ergodic theorem 


in respect of the continuing theme of 
this book), he will be irritated by the 
numerous textual errors and misprints. 

As a matter of interest, I checRed the 
examples noticed during a single read- 
ing of chapters 11 and 12 against the 
relevant articles in American Journal 
of Physics where the material was 
originally publéshed. I found three cases 
in which a typographical or textual 
error was repeated from the original 
version, and fourteen examples of 
errors newly appearing-—five in new 
matter, and gine in places where there 
had been no error before. One example 
of the latter class is particularly puzz- 
ling. On p419, the factor (1+(b/v)) 


in equation (13)—which was correct— 


has been replaced by (1—(b/v)Y', 
although the whole point of the argu- 
ment inethe following paragraph turns 
on the retention of the correct form in 
the equation. 

There is an interestingly gratuitous 
error in the introductory survey (p43). 
Traversing a field of physics less 
familiar to him than gas theory, the 
author is presenting the old story of 
Fresnel and Poisson and diffraction by 
a circular disc. Poisson, he says, con- 
cluded* that, if Fresmel were sorrect, 
“there should be... a tiny bright 
spot at a certain distance behind the 
disk”. When the test was made, “the 
bright spot appeared just where tHe 
mathematics predicted”. 

In a work of the magnitude before 
us, occasional errors are inevitable, 
but, sadly, there are more than they 
should be; and some will almost cer- 
tainly mislead. American usage, too, 
is sometimes subtlely differeft from 
our own. One example will suffice. 
Cayley is described as a ‘colleague’ of 
Tait (p358). Cayley, however, had left 
Cambridge before Tait went up as an 
undergraduate; by the time he re- 
turned, Tait was already in Edinburgh. 
They were never workers in the same 
institution. This usage, however, seems 


*not to be accidental. In his preface, 


Photo: Mary Evans Picture Library 


Dr Brush has a list of 22 “colleagues”, 
the world over, whom he thanks for 
‘valuable suggestions and informa- 
tion”. At least he does not call his 
helpers “‘co-efficients’, as Kelvin did 
(preface, Baltimore Lectures). Inci- 
dentally, Kelvin’s nephew, J. T. Bot- 
témley, worked, not “in England” 
(p520), but in his uncle’s laboratory in 


Glasgow—and «Oliver Lodge published 


(in 1894), neither from London nor 
from Birmingham (p745), but as pro- 
fessor in Liverpool. G 

Pepe EEOAE, LERE 


N. Feather is Emeritus Professor of 
Natural Philosophy at the University of 
Edinburgh, UK, 
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§ The Development of X-ray Analysis 
SIR LAWRENCE BRAGG 
“It is a textbook designed to share with the reader the 
§ authors own pleasure in the elegance, excitement and 
E widespread relevance of his subject. . . . To sum up, this 
book can be read with pleasure and profit by people of 
“very different backgrounds; it should certainly be read 
by anyone teaching crystallography at any level.” New 
Scientist. £6.50 net 









An Atlas of Optical Transforms 

C. A. TAYL@R/G. HARBURN/ . 

E T R. WELBERRY 

g “The exposition here (and, indeed, throughout the 
book) is admirably clear, and all the points made are 
lavishly illustrated by many beautiful reproduced 
diffraction patterns, AH crystallographers, and 
diffragtionists, are stfongly advised to read this book; 
they will get much pleasure and profit from it.” Nature. 
Hardback £6.00 net, Paperback £3.25 net 










The Perception of Light and Colour 
C. A. PADGHAM/J, E. SAUNDERS* 


“This welcome little book is a useful introduction to an 
eyeful of topics. Colour televisionaries, photographers, 
chemists, colour physicists, and even psychologists can 
benefit from reading it.” New Scientist. £6.50 net. 


BEI 


6 Portugal Street London WC2A 2HL 
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If not, you may have missed the 
following articles, among others _ 


-É K. |. Kivirikko and L. Risteli: Biosynthesis of collagen and its 

alterations in pathological states. Med Biol 54:159,1976, 
M. Holzbauer: Physiological aspects of steroids with | anaesthetic 

. properties. Med Biol 54:227,1976 | 
S. S. Cohen: The lethality of aranucleotides. Med Biol 54: 299, 1976 
T. Hokfiet, O. Johansson, K. Fuxe, M. Goldstein and D. Park: 
immunohistochemical studies on the localization and distribution of 
monoamine neuron systems in the rat brain ! and H. Med. Biol e 
54:427,1976 and 55: 21, 1977 ° 


In forthcoming issues . l 

A. G. E. Pearse: The APUD concept and its irplicatioee: Related 
“endocrine” peptides in brain, intestine, pituitary, placenta and 
anuran cutaneous glands. Yu. E. Polotsky et al: Interaction of Vibrio 
Cholerae El Tor and gut mucosa in ligated. rabbit ileal loop 
biel 














MASSACHUSE TTS INSTITUTE OF TECHNOLO 


LOCAL CIRCUIT NEURONS 
Pasko Rakic 


“Local Circuit Neurons” is used here to.define cells that 
to other cells within the vicinity of the same structure r 
to cells in distant brain structures or organs. The autho! 
the historical background and distribution of LC? 
changing concepts inthe light of recent discoveries. Itdescribes _ 
the physiological properties of LCNs . and theoretical _ 
considerations on the functional relation ship between mitral 
and granule cells in the olfactory bulb. Methods for the analysis ae 
of local neuronal circuits are presented, and LCNs and neuronal — 
circuits in different structures of the central nervous system are 
described. The book also takes into account phylogenetic ando 
ontogenetic factors. “6 io iy 






















Published March 1977 0 262 18083 9 


NUTRIENT REQUIREMENTS | 
IN ADOLESCENCE ° 

John | NcKigney & Hamish N Munro, editors. 
This collection of papers, written by scientists in the areas of 
nutrition, anthropometry, clinical endocrinology, pediatrics and 
related biomedical fields, is concerned with the growing E 
adolescent and his/her nutritional needs. 





Published March 1977 0 262 13119 6 £11.25 
- 
The MIT Press i 
126 Buckingham Palace Road 
London SW1 nities 
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MEDICAL BIOLOGY is an 
international journal publishing 


— Review articles 

— Original reports 

— Short communications 
— Congress digests 


on basic and applied biomedical — 
research- E 
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*. 


A. G. Everson Pearse (London) A ee 
K. Penttinen (Helsinki) o 
T. Peradze (Leningrad) 

"L. Saxén (Helsinki) 

L. Svennerholm (Goteborg) 
M. Mattila (Helsinki) E. J. Walaszek (Kansas City) 
K. Nishioka (Tokyo) R. Vihko (Oulu) 


For contributors we can offer both rapid editing procedures and high P 
printing qualify. Articles acceptable without revision will be published 3o 
within six months after receipt. Eo 
Six issues are þublished annually, subscription being US $50. See $ 
your local Subscription Agency or write directly. 7 

For information contact one of the Editors or the Editorial Office: Mrs. E 
"A. niare. Medical Biology, Runeberginkatu 47 A, 00260 Helsinki 

26, Finland 


EDITORIAL BOARD 

B. S. Blumberg (Philadelphia) 
A.M. Denman (Harrow) 

O. Eränkó (Helsinki) 

K. Fuxe (Stockholm) 

J. Knoll (Budapest) 











Advanced Books for Biochemists, Electrochemists, 


wan ‘No. tson Reader Enquiry Card. 


and Physical Chemists 


BIOCHEMICAL 
SYSTEMS ANALYSIS 


A Study of Function and Design 
in Molecular Biology 


Michael A. Savageau, University of Michigan 
Foreword by Robert Rosen 
Dalhousie University 


From the Foreword by Robert Rosen: 

“Dr. Savageau's work represents a fundamen- 
tal contribution to the analysis and ¢ynthesis 
of biochemical control systems. An under- 
standing of these control mechanisms lies at 
the very heart of the fundamental problems of 
biology and medicine, and in my view such 
understanding can only arise through the 
imposition of imaginative mathematical 
analysis on the empirical foundations. This is 
precisely what Dr. Savageau has done; I hope 
that his book will be widely read, and that it 
will have the influence it deserves.” 

1976, xviii, 379 pp., illus. 

hardbound ISBN 0-201-06738-2 $26.50 
paperbound ISBN 0-201-06739-0 $16.50 


COMPLEX 
CARBOHYDRATES , 


Their Chemistry, Biosynthesis, 


and Functions 
A Set of Lecture Notes 


Nathan Sharon, The Weizmann Institute 
of Science 


“This book serves as an excellent introduction 
for those interested in becoming acquainted 
with the field of glycoproteins, proteoglycans, 


and lipopolysaccharides. Little more is required 


of the reader than a basic understanding of 
biochemistry ... Dr. Sharon is to be com- 
mended for contributing the first ‘textbook’ 
in this dynamic area of biochemical, biomedi- 
cal, and molecular research.” ° 

— American Society for Microbiology . News 


1975, xX, 466 pp., lus. 
hardbound 0-201-07324-4 $21.50 


: papepouns: ka ot 07323-2 $12.50 


INTERFACIAL 


ELECTROCHEMISTRY _ 
An re igre Approach — 


E. Gileadi, E. Kirowa-Eisner, and J. Penciner 
Tel Aviv University 


This is a good reference book for elegtrochem 
ists and materials scientists interested in the 
kinetic processes that occur in the amas of 


corrosion, energy conversion asing fuel cells 


catalysis, and electroplating. It would also be 
useful to researchers interested in crystal 
growth and surface physics if they have the 
proper chemistry backgsound. The authors 
correctly state that electrodics and irreversible 
processes are neglected in physical chemistry 
textbooks. They have done much to remedy 
the situation with their quite complete book. 
— Journal of the American Chemical Society 
1975, xii, 522 pp., illus. 
hardbound 0-201-02398-9 $23.50 
paperbound 0-201-02399-7 $13.50 


INTERFACIAL PHENOMENA’ 
IN METALS AND ALLOYS 


Lawrence E. Murr, Department of Metallurgi- 
cal and Materials Engineering, New Mexico 
Institute of Mining and Technology 

Foreword by Morris Cohen, Department 

of Materials Science and Engineering, 
Massachusetts Institute of Technology 


“A hundred years of research on interfaces, 
from Gibbs to the present, is summarizedin « 
this useful work. Designed either as a refer- 
ence or as a graduate text, it contains both 
problems and an extensive bibliography at the 
end of each chapter. The text is carefully ref- 
erenced and illustrated with figures and photo- 
graphs that have been borrowed from research 
journals, resulting in a very concrete and clear 
presentation. Murr has also prepared current 
tables of interfacial energies, which are not 
available elsewhere, and has included some 
unpublished data. The outstanding reputation 
of the author and his consulting editors is 
reflected everywhere in this. unusually well- 
organized and well-written publication.” 


1975, xiv, 376 pp., illus. ~ Choice 


hardbound 0-201- 04884-1 $24.50 
paperboünd 0-201-04885-X $14.50 


Prices are quoted in U.S. dollars. Outside U.S.A. and Canada. prices may 


vary somewhat fram those Hated, reflecting distribution costs and currency 
? 


fluctuations. 
o 
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West End House 
11 Hills Place e 
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Richard W. Porter 


Fhis book reviews the historical background, the basic 


facts of satellite orbits and rocket propulsion, and the 


physical environment of near-earth space and its 
influence on the design of satellites. The author 
describes the diverse uses of satellites in 
communications, navigation, meteorology, earth and 
ocean observations, monitoring fresh-water resources, 
managing agriculture and forestry, and for various 
scientific and astronomical investigations. Finally he 
discusses Skylab and other manned vehicles, and 
speculates on the future applications of artificial 
satellites. Ilustrated £4.95 


A Shell Model 
Description of Light 
Nuclei 


l. S. Towner : 


The goal of nuclear structure physics is to understand 
the properfies of finite nuclei starting only with a 
knowledge of the free nucleon-nucleon interaction.This 
book traces the progress towards this goal. The early e 
chapters discuss Hartree-Fock theory, Brueckner 
theory, and particle-hole models. The concept of 
effective interactions is introduced and applied to the 
spectroscopy of open-shell nuclei. A final chapter 


djscusses the spectroscopic information derivable from 


direct nuclear reactions. £11 Oxford Studies in 
‘Nuclear Physics 


Two-Phase Flow 
and Heat Transfer 


Edited by D. Butterworth 
and G. F. Hewitt 


Two-phase flow is a phenomenon of importance in a 
wide variety of industrial plant, including boilers and 
nuclear reactors. This book covers gas/liquid two- 
phase flow, two-phase heat transfer, hydrodynamic 
instability, and condensation, finishing with a 
discussion of loss-of-coolant accidentg in nuclear 
reactors. £14 Harwell Series 


Module Theory 


An Approach to Linear Algebra 


T. S. Blyth 
The aim of this text is to develop the basic properties of 
modules, and to show their importance in the theory of 


linear algebra. The first part deals with modules and 


vector spaces, and is suitable as an introductory 
undergraduate course; the second part deals with 
advanced linear algebra and is suitable as a final-year 
undergraduate or graduate text. £9.50 


Oxford University Press 








Spring ,00ks from Oxford 
The Versatile Satellite 






Beginning M odei T eo! oF y 
. The Completeness Theorem and 
some Consequences : 


Jane Bridge 


Model theory is an important area of mathematical 
logic, and Gédel’s Completeness Theorem and its _ 
corollary, the Compactness Theorem, form its core. 
This book concentrates on first-order predicate logic 
and a proof of the Completeness Theorem and its 
main consequences, and finishes with a selective 
introduction to model-theoretic applications of the- 
results. £4.50 Oxford Logic Guides 


Elements of intuitionism . . 
Michael Bummett 


This book begins with a philosophical orientation a | 
a sketch of the salient differences between . 
intuitionistic and classical reasoning. The author 

outlines the intuitionistic approach to the theory of real 
numbers, in order to give the reader enough of a taste | 
of actual intuitionistic mathematics to motivate the * 
ensuing discussion of choice sequences and spreads, 7 
bar induction and the continuity principle, first-order 
intuitionistic logic, current results on completeness, 
and the philosophical issues surrounding an 

intuitionistic theory of meaning. £9 

Oxford Logic Guides 


Choice Sequences 
A. S. Troelstra 


This monograph presents a coherent and virtually 

complete acĉount of the conceptual side of the theory 

of choice sequences, a theory which has already proved. __ 
its value in mathematical research into intuitionism. 

An introductory chapter is followed by an extensive 
discussion of the motivation and the axioms for 

lawless sequences, the simplest case. The formal 
elimination of lawless sequences and the universes that 

can be constructed from them by continuous 

operations are then treated. £4.95 





Oxford Logic Guides, | 
Nuclear Sizes 
and Structure ae? 


Roger C. Barrett 

and Daphne F. Jackson ° 

A wide range of electromagnetic, strong, and weak 
interaction processes are here used to explain precisely 
which properties of the nucleus can be obtained from 
he various experiments, and to indicate the extent to 
which previously published parameters are really 
determined by the measurements as opposed to being 
merely consistent with them. The emphasis is on recent 


developments, both experimental and theoretical. El 5 
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ELEMENTS OF INTRODUCTION TO 
QUANTUM THEORY CRYSTALLOGRAPHY 


Addison-Wesley 


2nd edition, revised and enlarged Donald E. Sands, University of Kentucky J 
Frank L. Bockhoff, Cleveland State University ‘In a book written by a chemist for chemists, 
° Review of first edition: 7 it is no surprise to find Crystallography con- 
“This book is intended to initiate undergradu- sidered a topic in Physical Chemistry. The 
ate chemistry students with very limited first four chapters explain how strfictures are 
i e physics and mathematics backgrounds into described. This is the backbone of the texe: 
the concepts and elementary applications of chemists obviously consider this material 
quantum mechanics. The author hfs gone to their main stumbling block. A second part, 
some pains to give a detailed development of half as long as the first, tells how structures 
, those aspects of the subject that the beginner are determined. Grarfting the author his right- 
usually finds most difficult. The text divides ful choice of prerequisites, we would be hard 
roughly into two sections. The first half leads put tg improve his presentation.” 
to a statement of the postulates and their — The American Mineralogist 
application to the stantlard problems of par- 1969 (2nd printing, with corrections, 1975} 
” ticles in boxes and barrier penetration, and xii, 165 pp., illus. ” l 
a the second half treats the quantum descrip- paperbound 0-8053-8473-1 $6.75 


tion of atomic and molecular structure with 
emphasis on the hydrogen and helium atoms. 
The book’s principle merit is its detailed 


exposition.” — Physics Today PROBLEMS IN . ° 


1976, xii, 334 pp; illus. SPECTROSCOPY 

hardbound 0-201-00799-1 $17.50 ORGANIC STRUCTURE 
DETERMINATION BY NMR, IR, . 
UV, AND MASS SPECTRA 


INTERPRETATION OF MASS Barry M. Trost, University of Wisconsin : 
SPECTRA: An Introduction Review of first printing: 


“The problems are difficult and challeng- 
2nd edition, revised, enlarged, reset - 5 


: ; ing. Most of them require inferences from 
F. W. McLafferty, Cornel! University each of the available spectra for their solu- 





“This is an uncommon book. In addition to tion. There are no reference tables of spectr& 
being a first-rate scientific document and so the problem solver must use other sources 
text, it is a highly personal expression. Every of data. This is an experience which closely ° 
page is colored by the author’s enthusiasm, by parallels that encountered in solving a 
his style ig dealing both with chemical con- research problem. 
cepts and with his students and associates; it “Certainly, the person who successfully 
sometimes seems as though he is a part of his works the problems in this book will be well 
own subject matter... From the first page of equipped for the assignment of structures 
the preface through the detailed solutions to from modern spectroscopic data. The book 
unknowns, the book conveys McLafferty’s seems mos? appropriate for advanced under- 
sense of excitement and fun in working with graduates and first-year graduate students.” 
è mass spectra.” . — Journal of Chemical Education 

j — Journal of Chemigal Education 1967 (2nd printing, 1977}, xvi, 412 pp, illus. 
1973 (4th printing, with additional ° paperbound 0-8053-9325-0 $13.50 
corrections, 1977), xx, 278 pp., illus. Answer booklet for instructors 
paperbound 0-8058-7047-1 $8.50 Q0-8053-9326-9 

e * Prices are quoted in U.S. dollars, Ounsde U.S.A. and Canada, prices may 
vary somewhat from those listed, reflecting distribuon costs and Currency 
fluctuations, i 
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7 West End House © 
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Perspectivist 
tradition leads 
men of vision 





J. D. Mollon 





Theories of Visien from Al-Kindi to 
Kepler. By D. C. Lindberg. Pp. xii+ 
324. (University of Chicago: Chicago 
and London, 19764.) £13.60. e 
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In laboratories and coffee-rooms it is 
countless times debated whether a 
knowledge of the literature allows the 
scientist to stand on the shoulders of 
his predecessors or merely bestows on 
him a damnosa hereditas, fatally con- 
straining his thought. The literature 
man scorns the rediscoveries and the 
omitted controls of his unread col- 
league: the latter argues that it is often 
faster to do the experiment than to 
find the answer in the literature and 
points to the low publication erate of 
the ht#rature man. 

Two of the greatest contributors to 
our understanding of visual perception, 
Thomas Young and Hermann Helm- 
holtz, were literature men of enormous 
erudition whose systematisations too 
easily conceal from us the achieve- 
ments of the eighteenth century. In 
his book, D. C. Lindberg argues that a 
third outstanding innovator in the 
theory,of vision, Kepler, was not a 
revolutionary working in a vacuum but 
rather represents the culmination of the 
perspectivist tradition that extends 
back to the Islamic writers of the ninth 
and tenth centuries. He shows that Al- 
Kindi first made explicit the principle 
that luminous rays issue in every direc- 
tion from every point on the surface 


of a luminous body and that AThazen, 


set the problem, that of establishing a 
one-to-one correspondence between 
points in the visual field and points on 
some plane in the eye. The pre- 
Keplerian solution was to assign an 
especial potency to those rays that were 
perpendicular to the surface of the 
cornea, that is, to those making up the 
visual cone, with its base on the object 
of vision and its apex at the centre of 
curvature of the cornea. (Lindberg 
does not notice that this theory is lent 
some truth by the Stiles-Crawford 
effect, the directional selectivity of the 
photoreceptors that favours rays 
normal to the retina). Kepler, equipped 
with the improved anatomy of Felix 


Platter and with his own understand- 
ing of the focusing properties of trans- 
parent spheres, was able to offer the 
correct solution, that the crystalline 
humour is mot itself the seat of vision 
but in combination with the cornea 
serves to form an inverted image on 
the retina. But, Lindberg argues, the 
perspectivist traditiop gave Kepler his 
problem, his facts, his methodological 
rules and his criteria of success. In this 
conclusion Lindberg explicitly opposes 
the standard view that Kepler trans- 
formed visual theory by mechanising 
it: “Kepler presented a new solution 
(but not a new kind of solution) to a 
mediaeval problem, defined some six 
hundred years earlier by Alhazen”. 
Lindberg himself is clearly a litera- 
ture man by temperament. His 
impressive grasp of the primary Latin 
texts is complemented by a véry wide 
knowledge of the academic literature: 
his book has over 1,000 footnotes to 
secondary sources. So it is understand- 
able that he is unimpressed by 
Leonardo’s contribution to visual 
theory. Leonardo was avowedly not a 
literature man and himself wrote: “If 
indeed I have no power to quote from 
authors as they have, it is a far bigger 
and more worthy thing to read by the 
light of experience, which is the 
instructress of their masters. They strut 
about puffed up and pompous, decked 
out and adorned not with their own 
labours but by those of others, and 
they will not allow me my own”. 
Lindberg believes that Leonardo had 
read Pecham and Witelo but that his 
knowledge of the optical tradition was 
imperfect. Usually Leonardo dfd not 
work with Al-Kindi’s principle of punc- 
tiform analysis but rather thought of 
the species, or image, of an object as 
radiating holistically. His understand- 
ing of the formation of images by 
reflection and refraction was limited. 
It is particularly curious that this skil- 
ful anatomist was so weak in ocular 
anatomy: he confounded the vitreous 
and the crystalline and supposed that 
the eye consisted of two concentric 
spheres. By reading any of the mediae- 
val perspectivists he would have been 
furnished with a more sophisticated 
account. Lindberg is mistaken, how- 
ever, in admonishing Leonardo for 
claiming that the apparent size of ob- 
jects increases with the size of the pupil: 
there is a clear basis for this observa- 
tion in the phenomenon of irradiation. 
Leonardo’s explanation is another 


„Matter, but # is foteworthy that his 


claim about the effect of pupillary size 
is tontained in the same manuscript 
(F of the Library of the Institut de 
France) as his observation that a uni- 
form iron rod heatet only in part of its 
length will appear considerably larger 
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in its heated fart’ The latter pheno- 
menon is primarily a consequence of 
irradiation. | 
e theory of optics and vision was 
central to mediaeval philosophy and 
provided a’ link between physics, medi- 
cine and theology. Optics was, for. 
example, fundamental in 
planned synthesis of all hum 
ledge. Lindberg’s book shoul 
fore be of interest to mediaeva 
ians in general. He draws attention, for _ 
example, to the neglect of the history 
of the translations from Greek and 
Arabic to Latin in the twelth century: 
almost nothing is known of the pur- 
poses and motivation of the translators, — 
of the selection of works or of the 
mechanics of translation; and towards 
the further understanding - of. this. 
crucial movement, Lindberg provides a _ 
detailed Appendix on the translation of 
optical works. 
The book is illustrated with many 
diagrams of the eye drawn from ancient 
and mediaeval authors. Man’s idealised ~ 











representations of his own visual organ 


serve nicely to illustrate how his per- 
ception is influenced by his conceptual — 
framework. Perhaps we can never 
accurately perceive a biological mech- - 
anism until we have constructed the 

artefact that will serve as a model: we 

must have lenses before we can pae 
ceive the eye as an image-forming — 
device and computers before we can 

perceive the brain as an information- ~ 
processing machine. What is regret- 
table is that Lindberg nowhere includes 
an accurate modern diagram of the eye, 
an inclusion that would have been in- 
valuable to the general reader trying to- 
follow mediaeval discussions of 

whether there are four tunics or 

seven, three humours or two. 

To reduce his material to manage- 
able proportions, Lindberg omits dis- 
cussion of theories of the physiology 
and psychology of vision. To some: - 
extent this exclusion is artificial, for it 
is clear that many of Kepler’s pre- 
decessors (including Leonardo) were. 
held back from the correct solution — 
by explicit reluctance to entertain an 
inversion of the image; and Kepler — 
himself acknowledged that She “duti- 
fully tortured” himself “ine order. to 
show that the cones intersecting when 
they pass through the aperture of the 
uvea intersect again behind the crystal- 
line, in the middle of the vitreous —- 
humour, so that another inversion is 
produced.” But he protested that geo- i: 
metry allowed no escape from an in- 
verted image and thereby bequeathed 
to his own successors a new and ` 
peculiarly vexatious problem, 2sm 
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The Question of Animal Awareness. 











By D R. Griffin, Pp. vili+135. 
(Rockefeller University: New York, 
1976.) $8.95. 





GRIrFin’s thesis is that animals experi- 
ence mental images and therefore a 
primitive form of awareness. One could 
argue about the meaning of these words 
and their relationship to the more 
strictly human experiences of subjective 
emotions and self-awareness, both of 
which are specifically excluded from 
Griffin’s definitions. But since it is 
easy to sef roughly what Griffin 1s 
getting at, I think such a philosophical 
argument is superfluous. Much “of the 
book is filed with the ‘evidence’ for 
animal awareness, and although the 
style is clear and concise, I feel that 
Griffin makes an unnecessarily elabor- 
ate case: most behavioural biologists 


e äre quite ready to accept the idea that 
animalg have mental images of events 
or objects in their environment. 

The main points of Griffin’s thesis 
eis 2S follows. First, he establishes, 
with a few examples—such as bats 











a revolution in tha theory of gravitation 


A NEW RELATION BETWEEN 
THE VELOCITY OF LIGHT 
and PLANETARY MOTIONS 


discovered by 
MORRIS REDMAN SPIVACK 
PART ll of 
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(Sth EDITION—JAN., 1977) 













{A revision of 
NEWTON'S LAW) 






Abstract: 
1. GRAVITATION transfers energy ffom one body to another 
with the velocity of fight. The relative intensity of the field 
controlling the orbit may therefore be expressed as a propor- 
tion of the velocity of light depending on the radius between 
the bodies. 
2. in the case of the non-periodic advance (excess mation) of 
the perihelia of any planets — if the excess motion be known 
fas it is in the case of MERCURY), then dividing the excess 
motion by the observed mean orbital motion will give a PRO- 
PORTION of the RECIPROCAL of the velocity of light (as pure 
number) ch can be obtained independently when the non- 
periodic advance is not known (for example in the case of 
MARS). 
3. The MEAN MOTION when en pate by = co ra 
the reciorocal of the velocity of ight Ce) thus independently 
petty wil ALWAYS ae R the EXCESS MOTION — and 
vice versa as at (2) above. è 
4. The METHOD of obtaining the correct proportion of He” 
independently and directly from relativistic principles is 
demonstratxpfherein. = ° 
5 Anew relation between the velocity of light and planetary 
motions is thus established, which may be useful in saving 
other problemes of Mimitable range and mast certainly lead to 
the discovery of other important relationships and equivalen- 
cies in relativity. 


App., unbound folio, litho, £1 or $2, by sea mail 
(in the ORIGINAL STAMPED BOARDS, £5 or $10.) 


MORRIS REDMAN SPIVACK, 
Past Restant 12, 
UPSALA, SWEDEN 
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catChing their prey by sonar and birds 
orientating by star compasses—~that 
„animals are rather more complex than 
might have been supposed 50 years ago. 
Especially remarkable are ehe linguistic 
abilities of chimpanzees and honey 
bees. Chimps, such as Washoe, can 
construct sentences in American Sign 
Language, showing that they under- 
stand a few rules of human language, 
and bees use an arbitrary communica- 
tion system for encoding information 
about remote feeding places. 

Griffin sees the complexity of animal 
language as important, because so 
much of man’s mental experience 1s 
dependent on language. (As an aside, 
the chimp and bee examples are always 
quoted as evidence for the complexity 
of animal language: chimps one can 
understand, but bees seem to be an 
an&maly. Either they are an evolution- 
ary freak, or we are waiting for more 
scientists of von Frisch’s genius.) In 
fact, the complexity of animal language 
does not seem to be a crucial past of 
Griffin’s thesis, since some of the 
clearer examples of mental imagery in 
animals-—for example, ‘searching 
images’—do not involve complex 
language. e 

Another line of evidence used by 
Griffin is neurophysiological. He revives 
the argument that the nervous system 
of man is only quantitatively different 
from that of animals, so products of 
the nervous system such as awareness 
should also differ only in quantity. This 
assumes, of course, that quantitative 
differences are not translated by thres- 
holds into qualitative effects. 

Finally, Griffin argues on evolution- 


Brain anatomy 
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J. Z. Young 


The Vertebrate Brain. By R. Pearson and 
L. Pearson. Pp. xi~-744. (Academic: 
London and New York, 1976.) £23. 








THE great expansion of interest in neuro- 
science in recent years has not been 
accompanied by an equivalent interest 
in comparative neurology. Microscopists 
and experimentors have indeed used 
neurones from very diverse animals, 
but few have tried to investigate their 
specific adaptive features in relation 
to the environment. Still fewer have 
tried to follow the course of evolution 
of the brain throughout the vertebrate 
phylum. The only*comprehensive work 
on the subject is that of Kappers, Huber 
and, Crosby written in 1936. The leading 
living expert in the field in Hans Kuhlen- 
beck, whose major work is still appearing. 
One looks therefore with excitement 
at a new book on The Vertebrate Brain. 
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ary grounds that_mental awareness has 
survival value in allowing an animal to 
anticipate and cope With complex prob- 
lems, so it should be favoured in all 
animals by natural selection. Interest- 
ingly, Griffin does not use dreaming in 
animals as evidence for mental imagery, 
although all dog-watchers will agree 
that dogs dream about chasing the cat 
next door. 

Whether or not they accept the in- 
dividual steps in his argument (most of 
which are no% new), most behavioural 
biologists will concur with Griffin’s 
overall thesis. Equally, I feel that most 
will be disappointed with Griffin's ans- 
wer to the “so what?” question. The 
test of the value of any scientific hypo- 
thesis is whether or not it generates 
new experiments, and it seems to me 
that the awareness hypothesis fails this 
test. 

Griffin argues, by analogy with man, 
that the only way to find out about an 
animal’s mental experiences, it to ask 
it directly, or indirectly, what is it 
thinking about. With Washoe this might 
be done through American Sign Lan- 
guage, with bees and birds through 
life-like dummies or models. If one 
leaves out the special case of Washoe 
and his clan, what it boils down to is a 
plea for more work on animal com- 
munication. This is an uncontroversial 
proposition, but if p try to think up 
experiments or observations to eluci- 
date the meaning of, for example, the 
incredibly complex song of a skylark, is 
the hypothesis that larks have mental 
experiences going to help me? E 





John Krebs is Lecturer in Zoology at 
the Edward Grey Institute of Field Orni- 
thology, University of Oxford, UK. 


The authors’ aim is to provide ‘ta survey 
of the anatomical, biochemical and 
physiological aspects of the vertebrate 
brain”. They believe that the develop- 
ment of the neurosciences ‘will probably 
prove as profound in their effects on 
man and his philosophies as did the con- 
cepts of nuclear physics during the 1930s 
or the ‘molecular biologists’ of the 
1950s”. 

This may turn out to be so, but un- 
fortunately the data that they have 
collected certainly do not provide a 
sufficient basis for such a revolution. 
The function of the nervous system is 
to process “information”, but this word 
does not occur in the index, nor does 
“çode” or “representation”, or indeed 
“action potential,” “electroencephalo- 
gram”, or most of the terms of neuro- 
physiology. We shall only be able to 
compare different brains when we have 
developed adequate ways of analysing 
how complex masses of nervous tissue 
process information. 

What the present authors have done 
is to make a survey of some aspects 
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Titles marked * are distributed in the USA by Halsted Press, 


F Thé Scientific division of Associated Book nee Ltd, 
— | 17 New Fetter Lane, London EC4P 4EE. 


a division of John Wiley, 605 Third Avenue, New York, NY 10076. 


‘Plant Viruses 6th edition - 


K. M. SMITH 

This sixth edition of Plant Viruses not only incorporates 
all new developments but also includes a chapter on an 
entirely new” group of micro-organisms, the 
mycoplaSmas, discovered in recent years, which cause 


many of the diseases previously attributable to viruses. 
The comparatively new field of algal and fungal viruses 


is also discussed and modem technical developments, 
such as tissue 2 and cell culture of viruses are Yescribed. 


14th April 1977: £5.50. Science Paperback: £3.25. . 


‘Asthma  . 


Edited by T. J. H. CLARK and S. GODFREY 


This book is intended to be a contemporary summary of 
our Knowledge regarding asthma both from the 
viewpoint of the origins of the disease and its treatment. 
The bpok assembles leading authorities from the United 


+ 


Kingdom to give a detailed account of asthma, amd the 
range of authors has enabled the subject to be covered 
comprehensively, authoritatively and in areadableway, 


12th May: £10.00. 


OUTLINE STUDIES IN BIOLOGY SERIES 
General Editor: J. M. ASHWORTH 


We believe that the Outline Studies in Biology Series 
represents the only sensible answer to textbook 
publishing for a whole range of new topics in university 
and cellege biology curricula. 

The individual books in the Outline Studies in Biology 


“Enzyme Kinetics 


This book emphasises the importance of enzyme 
kinetics to understanding how enzymes function under 
various conditions. It is especially written for those 


Series present succinct, authoritative and up-to-date - 
introductions to their subject. They supplement and 
extend the main course texts, and because each book 
deals with only one topic the series offers the advantage 

of great flexibility of use. | 


students who find detailed mathematics an obstacle to 
understanding this subject. 


o 
9 

* 

+ 


12th May 1977: £175. 





“Insect Bioche | 


H M- REES 


in addition to’ outlining the most distinctive features of 
the biochemistry of insects, this book draws attention to 


12th May 1977: £1.50. 


nistry 


the way in which insects have adapted or evolved to 
cope with their particular environment. 





* 
irnia No 1R an Reader Enauiry Care 


















a. 


_of the Year 


MOLECULAR ANTHROPOLOGY 
Genes and Proteins in the Evolutionary 


Ascent of the Primates 

edited by Morris Goodman 

Wayne State University School of Medicine 
and Richard E. Tashian 

University of Michigan Medical School 
Associate Editor: Jeanne H. Tashian 
University of Michigan Hospital 


Explores some of the major issues and controversies 
Surrounding the subject of molecular anthropology—a 
relatively new discipline concerned with the study of 
primate phylogeny and human evofution through the 
analysis of genetic information contained in proteins 
and polynucleotides. A volume in the Advances in 
Primatology series, W. Patrick Luckett and Charles R, 
Noback, editors. 

466 pp., illus., 1977, $42.00/£22.05 


+ 


BIOMEDICAL APPLICATIONS OF 


IMMOBILIZED ENZYMES AND PROTEINS 


edited by Thomas Ming Swi Chang 
McGill University 


This two-volume work provides a comprehensive survey 
of the state of research on the uses of immobilized 
enzymes and proteins in medicine. The first volume is 
devoted to the multiplicity of current and future thera- 
peutic applications; the second volume discusses the 
applications and prospects for immobilized enzymes 
and proteins in diagnosis and public health, as well as 
preventive medicine. 

Volume 1: approx. 475 pp. illus., 1977, $53.40/£28.04 
Volume 2: approx. 400 pp., illus., 1977, ¥47.40/£24.89 


COMPREHENSIVE VIROLOGY 


edited by Heinz Fraenkel-Conrat 
University of California at Berkeley 
and Robert R. Wagner 

University ofVirginia 


This interdisciplinary treatise, published in approxi- 
mately 25 volumes, is the first encyclapedic analysis of 
the current information explosion in animal, plant, and 
bacterial virology. 

Volume 7: Reproduction: Bacterial DNA Viruses 

300 pp., illus., 1977, $30.00/£15.75 

Volume 8: Regulation and Genetics: 

Bacterial DNA Viruses ° 

350 pp., illus., 1977, $35.40/£18.59 

Volume $: Regulation and Genetics: 

Genetics of Animal Vifuses 

approx. 695 pp., illus., 1977, $59.40/£31.19 


s Volume 10: Regulation and Genetics: 


Viral Gene Expression and Integration 


approx. 530 pp., illus., 1977, $47.40/£24.89 m 


Volume 11: Regulation and Genetics: Plapt Viruses 
approx. 325 pp. illus., 1977, $35.40/£18.59 
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THE YEAR IN ENDOCRINOLOGY 
1975-1976 

edited by Sidney H. Ingbar, M.D, 
Director, Thorndike Laboratory of Harvard Medical 
School at the Beth Israel Hospital . 


A new, comprehensive annual series that provides the 
reader with a broad authoritative review Of the impor- 
tant developments in the majar areas of entocrinolog- 
ical research. 

327 pp. 1977, $27.00/£14.18* : àj 


THE YEAR IN METABOLISM 


1975-1976 

edited by Norbert Freinkel, M.D. 

Director, Center for Endocrindtogy, Metabolism, 
and Nutrition 

Northwestern University Medical School 


Introduces a major new annual series in which the 
developments of the previous year in eleven broad areas 
of metabolism are reviewed by internationally recog- 
nized experts. 


353 pp., 1977, $27.00/£14.18* 
e 


$47 40/£24.89 for combined order for The Year in En- 


docrinology and The Year in Metabolism 
+ 


PHOTOCHEMICAL AND 


PHOTOBIOLOGICAL REVIEWS 


edited by Kendric C. Smith 
Stanford University School of Medicine 


Documents and interprets past developments, recent 
advances, and possible areas of further study in the 
fields of photochemistry and photobiology. 

Volume 1: 391 pp., illus., 1976, $39.00/£20.48 

Volume 2: approx. 335 pp., illus., 1977, $35.40/£18.59 


HUMAN EMOTIONS 
Carroll E. Izard 
University of Delaware 


Explores how emotions form an integral part of human 
consciousness, cognition, and action through analyses 
of both theoretical and empirical research. A volume in 
the Personality, Psychopathology, and Psychotherapy 
series, Carroll E. Izard and Jerome L, Singer, editors, 
approx. 480 pp., illus., 1977, $30.00/£15.75 


THE TOKEN ECONOMY 


A Review and Evaluation 


Alan E. Kazdin 
The Pennsylvania State University 


A critical and comprehensive review of the use of token 
economies in behaviorl modification therapy, this im- 
portant work evaluates the advantages and limitations 
of this controversial treatment modality, A volume in 
The Plenum Behavior Therapy Series,Nathan H. Azrin, 
editor. . 

342 pp. illus, 1977, $20.34/£10.68 ° 
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TREATMENT AND REHABILITATION OF FEAR OF SUCCESS 
THE CHRONIC ALCOHOLIC ° David Tresemer j 


edited by Benjamin Kissin and Henri Begleiter 
Downstate Medical Center of the State University 
of New York 


Presents the whole range of treatment approaches in 
long-term rehabilitation of the alcoholic. The multi- 
plicity of proposed therapies, each strongly defended by 
its proponents, pBints to the major difficulty in treating 
alcoholics-—that alcoholism is a complex medical-social 


< syndrome, requiring an integrated therapy. Volume 5 in 


The Biology of Alcoholism series, Benjamin Kissin and 
Henri Begleiter, editors. 
658 pp., 1976, $47.40/£24.89 

4 


HANDBOOK OF TERATOLOGY 


edited by James G. Wilson 

The Children’s Hospital Research Foundation - 

and University of Cincinnati 

and F. Clarke Fraser 

McGill University and The Montreal Children’s Hospital 


This authoritative four-volume treatise offers a defin- 
itive, integrated source of facts, concepts and methods 
in the broad field of teratology. a 

Volume 1: General Principles and Etiology 

476 pp. illus., 1977, $46.80/£24.57* 

Volume 2: Mechanisms and Pathogenesis 

approx. 480 pp., illus., 1977, $46.80/£24.57* 

*Not available from Plenum in Japan and Okinawa. 


TOPICS IN COGNITIVE DEVELOPMENT 
Volume 1: Equilibration: Theory, Research, 


and Application 

edited by Marilyn H. Appel 
Medical College of Pennsylvania 
and Lois S. Goldberg 

Glassboro State College 


This volume, featuring Jean Piaget's famous paper on 
equilibrium, inaugurates a new series devoted to the 
theoretical, empirical, and applied aspects of Piaget's 
epistemology, A publication of the Jean Piaget Society. 
approx. 200 pp. ilus., 1977, $22.20/£11.66 


PROTEIN METABOLISM OF THE BRAIN 


A. V. Palladin, Ya. V. Belik, and N. M. Polyakova 
Academy of Sciences of the Ukranian SSR 
Translated from Russian by Basil Haigh 
Translation edited by Abel Lajtha 


Giving equal emphasis to the structural, dynamic, and 
functional approaches to brain biochemistry, this com- 
prehensive book reviews both the development of, and 
the most recent advances in, brain protein research——-a 
rapidly developing field essential for a complete under- 
standing of the neurobiology of brain function. A 
volume in the Studies in Soviet Science—Life Sciences 
series. 

335 pp., illus., 1977, $42.00/£22.05 
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+ 
Focusing on the current controversy surrounding the 


“fear of success” theory used to explain women’s un- 


equal attainments in the modern occupational structure, 
the author probes fundamental questions about moti- 
vation and the nature of the psyche in a social setting. 
approx. 220 pp., 1977, $17.94/£9.42 


PEPTIDES IN NEUROBIOLOGY 


edited by Harold Gainer 
National Institute of Child Health and Human 
Development, Bethesda, Maryland 


Critically and comprehensively analyzes a new and ex- 
citing area of research in the neurosciences—the role of 
peptides in the regulation of neuronal activity, the 
mediation of many higher brain functions, and the cons 
trol of behavior. A volume in the Current Topics in 
Neurobiology segies, Samuel H. Barondes and Floyd 
Bloom, editors. ° 

approx. 440 pp., illus., 1977, $41.40/£21.74 


BIOLOGY OF THE UTERUS 


edited by Ralph M. Wynn 
University of Illinois at the Medical Center 


This important work—the only book currently available 
that deals with both basic biology and clinical aspects. of 
the uterus-—correlates classical histology and embry- 
ology with biophysics, ultrastructure, and biochemistry, 
relating these topics to the clinical problems of ovarian- 
uterine relationships and to the onset of labor. 

748 pp., illus., 1977, $66.00/£34.65 


THE PROSTAGLANDINS 


Volume 3 


edited by Peter W. Ramwell 

Georgetown University School of Medicine 

Reflecting the rapid progress in biomedical research, 
this volume examines the most recent developments in 
research into the relationships between prostaglandins 
and physiological functions such as digestion and res- 
piration. 

approx. 350 pp. illus., 1977, $47.40/£24.89 


COGNITIVE-BEHAVIOR MODIFICATION 


An Integrative Approach 
Donald H. Meichenbaum 
University of Waterloo, Canada 


Helps to bridge the gap between the clinical concerns 


of cognitive-semantic therapists and the technology of- 


behavior therapy by offering a new integrative, empiri- 


cal account of the mechanisms of change involved in $ 
any therapeutic procedure. A volume in The Plenum * 


Behavior Therapy Series, Nathan H. Azrin, editor. 
approx. 300 pp., illus., 1977, $17.94/£9.42 
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Nuclear Reactors — to breed or not to breed 
edited by J. Rotbiat z 


Provides an objective view of the pros and cons of the 
controversial fast-preeder reactor. 


January 1977/120 pagesiillustrated/£1.00 net 


Europe’s Giant Accelerator 
M. Goldsmith and E. Shaw 


A highly readable account of the history and development of 
the CERN 400 GeV super proton synchrotron. 


May 1977/272 pagesiillustrated/£13.00 net 


Magnetic lons in Metals 

Taylor & Francis Monographs on Physics No 9 

R. H. Taylor 

A review of the study of localized magnetic moments in metals 
by electron spin resonance. 


April 1977 /126 pages illustrated/£6.00 net 


+ 
Defects in the Alkaline Earth Oxides 
Taylor & Francis Monographs on Physics No 10 ° 
B., Henderson and J. Wertz 


An exhaustive discussion of the latest knowledge in this area. 
June 1977/175 pagesiillustrated/£8.50 net 


British Electro-Optics 
edited by L. R. Baker e 


Provides a broad picture of the best of the current work in this 
fieyi in the UK. 


May 1977/180 pagesiillustrated/£8.00 net 


The Structure of Non-Crystalline Materials 


Contains = ali resented at the conference organized by the 
Society of Glass Technology providing. a unique description of 
the present state of understanding of amorphous solids. 


July 1977/200 pagesiillustrated/about £12.00 


The Quest for Absolute Zero 
K. Mendeissohn 


A completely revised edition of this famous book explaining the 
meaning of low temperature physics. 


July 1977/280 pagesiillustrated/£5.00 net ° 


Drug Metabolism — from microbe to man 
edited by D. V. Parke and R. L. Smith 


Proceedings of the Symposium held at the University of 
Surrey, April 1976. 


March 1977/472 pagesi/illustrated/£25.00 net 


Human Factors in Work, Design and Production 
Case Studies in Ergonomics Practice Voi 1 
edited by J. S. Weiner and H. G. Maule 


The descriptions of four different ergonomic problems are used 
to illustrate the difficulties which the ergonornist has to face. 


March 1977/152 pages /illustrated/£7.00 net 


. 6 
The Production System — 


pan efficient integration of resources . 


ff edited by R. Hollier and J. M. Moore 
§ Contains the proceedings of thg 3rd International Conference 
on Production Research, Amherst, Massachusetts, USA, 
August 1975. 


international Scientific Publishers 
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Systemic Fungicides 
Second edition 
Edited by R W Marsh 


The first edition of this highly successful book f 
was published in 1972. Since then there has been * 

a massive increase in the production and utilisation 
of systemic fungicides. These developments are 
reflected in this new and enlarged edition, which 
assembles the contributions of sixteen authors 

from the UK, USA and the Netherlands. Each of 

the authors is an acknowledged authority in a 
specialised field of fungicide studies. | 


Cased £12.00 net . 
Tropical Pasture and Fodder Plants 
A V Bogdan a R , 


This is a unique and valuable source of,reference 
for all those concerned with agsiculture, animal 
husbandry, ecology and soil science in tropicaf 
areas. Over 300 species of grasses and legumes are 
described in alphabetical order of botanical names. 
The information given oy the more important 
plants includes: botanical and common names; 
climate and soil requirements; establishment; 
managerfent; fertilising; yields; chemical com- 
position and nutritive value; reproduction; and 
much more. 

In the Tropical Agriculture Series. 

Cased £17.00 net 


The Oil Palm 
Second edition i 
C W S Hartley . . 


Since the first edition was published, the oil palm 
has developed faster than any other tropical 
plantation crop. This second edition covers all 
aspects of its growth and exploitation. A full 
description of the botany of the crop is given, 
together with details of the research carried out 
on oil palm physiology, selection and breeding, 
the climate and soils suitable to its culture, 
methods of cultivation, nutrition, pests and 
diseases, and the extraction of palm oil and : 
kernels by village and industrial methods. 
Available soon. 

Cased probably £25.00 net 


Pleistocene Geology and Biology 
Second edition 
RG West 


This general account of the geology and biology 
of the Pleistocene will be invaluable to students 
of geography, archaeology, geology and biology. 
In this second and updated edition, Professor 
West provides a chapter by chapter account of 
various aspects of Pleistocene environments and 
life. This includes glacial geology, periglacial 
phenomena, sea-level change, climatic change, 
dating, investigations in the field, and plant and 
animal life. The final chapters deal in some detail 
with the Pleistocehe of the British Isles. 
Available soon | 
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of the literature of tif classical com- 
parative anatomy — ‘of the cell masses 
and tracts in different vertebrate brains. 
It is a formidablé problem, indeed, to 
know how to present this knowledge. 
The authors have decided to take each 
part separately. So we go through the 
details of the medulla from Agnatha to 
«Mammals and then start on the cere- 
b&llum, and so on. It is not the authors’ 
fault that such a division makes. for dif- 
ficulties in following particular functional 
systems. In some parts it: works well— 


for instance, the mid-brain roof—but it 


Perceptual 
exploration. 


Cognition and Reality. By U. Neisser. 
Pp. xili+230. (Freeman: San Fran- 
cisco and Reading, 1976.) £3.70. 


ana I NTIS AY Eee Deo trace a 
In 1967, Neisser published a book 
called Cognitive Psychology: it was a 
vigorous and clear account of that sub- 
ject which marked its coming of age. 
The book was optimistic and gave the 
impression that we would eventually 
come to understand the workings of the 
mind in terms of the information pro- 
cessing operations it carries out. In 
Cognition and Reality, Neisser seems 
to have become somewhat disillusioned 
with the progress of the cause he espou- 
sed ten years ago. Workers in the field, 
he claims, are trapped in specific ex- 
perimental paradigms; they fail to tap 
the frue potential of the human mind 
since they use unpractised subjects and 
artificial tasks; their work has little 
bearing on real life situations and does 
not tel] us what mind or consciousness 
really are. 

Neisser’s own solution to the prob- 
‘lem of cognitive psychology takes the 
form of a shot-gun marriage between 
J. J. Gibson and F. C. Bartlett. To 





understand the mind, we must first’ 


understand the world in which people 
live: in particular we must understand 


the relationship between the informa» 


tion available to our senses and the ex- 
ternal world specified by that informa- 
tion. The information we “pick up” 
depends on our internal schemata: 
‘they guide perceptual exploration and 
are in turn modified by it. Perception 
is not an instantaneous happening but 
an ongoing interaction between our 
schemata and the world. “Images are 
not pictures in the head, but plans for 
obtaining information from potential 
environments’, 

The book makes some cogent points 
even if they are often incidental to the 
main theme. For example, Neisser 
points out that except in a very con- 
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is disastrous for the reticular system, 
which isgscattered all through the book, 
and it does not work well for the’fore- 
brain. 

No-one has discovered the principles 
with which knowledge about the 
structure and functioning of various 
nervous systems çan be compared. The 
authors’ brave attempt provides some 
of the facts and the stimulus to attack 
the problem. è E] 





J. Z. Young is Emeritus Professor of Anatomy 
at University College, London, UK. 

strained environment where people 
have few choices, we shall never be 
able to exert behavioural control over 
other people: to do so, we would need 
to have a complete understanding not 
only of them, but also of the world in 
which they live. We cannot predict, let 
alone ċontrol, the moves a master chess 
player will make unless we have at 
least as much knowledge of chess as 
he does. Elsewhere, Neisser exposes 
some of the crudities of earlier theories 
of cognition. He has himself shown, 
anfongst others, that with sufficient 
practice it is sometimes possible to 
carry out two complex tasks at once: 
the brain is not in any obvious sense a 
limited capacity channel. 

Cognition afid Reality is not an easy 
book to understand or to evaluate. 
First, it is unclear how far Neisser is 
putting forward a new thesis rather 
than merely using a different termino- 
logy. Nor is it obvious whose views he is 
attacking. There is a good deal of ver- 
bal fencing: for example, he registers 
his objection to the idea that the mind 
processes information by writing: “The 
information itself is not changed, since 
it was in the light already. The schema 
picks it up, is altered by it, uses. it”. 
Second, his exposition of the operation 
of schemata remains at a very general 
level and he is curiously reluctant to 
give examples of how his ideas can ex- 
plain any phenomena in detail. When 
he does attempt explanation, as, for 
example, in his discussion of the per- 
ception of emotional expression in 
others, the explanations are at such a 
general level that it is hard to see 


whether any new light has been thrown | 


on the problem. 

At times one may even,suspect that 
the constant flourishing of the magic 
word “schemata” serves more to dis- 
tract attention from the phenomena to 
be explained than to explain them. 


Although the status of Neisser’s central | 


thesis remains unclear, the book de- 
serves to be widely read if only for the 
interesting and acute observations that 
are Scattered through its pages. « 0 


Stuart Sutherland is Director of the Centre 
for Research on Pereeption and Cognition 
at the University of Sussex. UK. 
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STATISTICS 
AT SQUARE ONE 


from the British Medical Journal 
2nd Edition — March 1977 


The statistical testing of data is | 
indispensable in many types of medical _ 
and biological investigation. This book os 
provides step-by-step instruction on the F- 
use of statistical tests. Subjects covered 
include standard deviation, Chi-Square 
tests, t tests, non-parametric tests, f 
préduct-moment and rank correlation, — 
and Fishers exact probability test. .. 
Methods are specially adapted to — 
pocket calculators. 


“The ability to put symbols in sequence may 
well be one of the greatest advances in man’s. 
* development . .. This excellent and attractive .. 
volume will give you an idea into which 
category an article or projected article fits. 
The ink you save may be your obh. is f- 
superb value.” i 
‘O'Donnell, Barry, British Medical Joumal, 
1977, 1,451. : 


eo 


.. . the reader is introduced to the most f 
‘important: statistical concepts in a concise, f 
straightforward manner. Dr. Swinscow's f 
commonsense approach to his subject is. 

- outlined in the introduction. . 
Murray, J. J., British Dental Joumal, 1977, 
142,81. 


Price: inland £2.00 
Overseas US$5.00 


PERSONAL VIEW. 


An Anthology 


Since the feature started in 1968 
Personal Vie has been one of the most... 
popular pages of the B.M.J. A hundred 
of these have been gathered together in. 
an anthology, to which an introduction 
has been written by a noted Personal 


_ View contributor, Dr. Mahadeva of Sri | 


Lanka, The subjects of the views | 
contained i in this anthology range from f- ; 
experience of practice alloverthe word | 
to work as a schoolteacher, the role of |. 
music in medicine, leaming to be a |). 
farmer's wife, an@running a fringe event -f 


at tHe Edinburgh Festival. 


Price: Inland £3.00 , 
Overseas US $7.60 
(All prices quoted include postage) 


ORDER FROM 
The Publisher 


British Medical Journal 
BMA House, Tavistock Sq, London WC1 
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Technology 
and food ` 
production: 


Food Production and Consumption: 
The Efficiency of Human Food Chains 
and Nutrient Cycles. Edited by A. N. 
Duckham, J. G. W. Jones and E. H. 
Roberts. Pp. xx+ 541. (North-Holland: 
Amsterdam and Oxford, 1976.) Dfi.120; 
$48. 95. 








THis is a bold and ambitious book that 
deserves to be treated as a serious at- 
tempt to en€ompass in one volume the 
entire food production system of the 
world, from photosynthesis to market- 
ing and consumption. Rigorous criti- 
cism is therefore a better use of limited 
reviewing space than mere description 
of contents. The latter can be sum- 
marised as being organised into «28 
ehapters (by 31 authors) in five parts 
(introdystion; ecological aspects: bio- 
logical components; social and econo- 
mic aspects; a strategic synthesis). The 
ata is well produced and edited, and 
relatively free from minor errors. 
The quality of the individual con- 
tributions is inevitably uneven but as 
a compilation of basic facts the book 
is extremely valuable, although more 


could usefully have been included on,- 


for example, the inefficiencies of 
animal populations and nitrogen fixa- 
tion in plants. The enterprise, however, 
was intended as much more than a 
compilation; what has to be assessed, 
therefore, is the success of the synthesis 
achieved. | 

Energy is used as “the major cur- 
rency™ and, although the arguments 
are strong, it is perhaps rash to base 
a total synthesis too heavily on this 
alone. It is argued that the value of 
Jand depends largely on its ability to 
‘derive an income from solar energy. 
The world is, however, full of excep- 
tions to this: the very ability referred 
to is dep@ndent on other inputs with 
costs that fave to be justified by prob- 
able profit and this is often not related 
at all to current emergetic efficiency. 

Furthermore, there are dangers in 
regarding food as merely a biological 
“necessity. Space, water. and: -oxygen are 
“also biological necessities, but who 
~- would accept an argument based on 
~ providing. the minimum biological re- 
quirements for these necessities? If man 
-wants more than the minimum out of 
life, ‘better’ food would seem at least 
-aş reasonable an pptional extra as cars, 
< bingo or television. 









] aiee. 


“the. ae, recognises “that 
there is little hope of diverting cereals 
from livestock even though this could 
ewesult in more food being available. 
The question of “available to whom?” 
remains a worrying one. THe confidence 
generated, by the corclusion that there 


are “no insuperable biological prob- 
lems in feeding the world up to 2000 
AD” evaporates somewhat when it is 
realised that both hunger and over- 
consumption now exist independently 
of technical knowledge, even when ap- 
plied. 

The conclusion that food systems 
are extremely inefficient is well docu- 
mented but there is, in my view, too 
little. emphasis on the problems of 
tackling such inefficiency. Identifying 
a problem has to be followed by selec- 
tion, from all the technical possibilities, 
of an appropriate solution. 

Although a systems approach is ad- 
vocated, the book is mainly based on 
an examination of food chains—linear 
linkages without feedbacks. The editors 
recognise this but do not greatly em- 
phasise that, when governments are 
recommended to focus on particular 
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E T hey should. do so with 
due regard to all the consequences. The 
difficulties of doing -this ought to be 
amongst the reasons for the modelling 
activity recommended: 

It will certainly be necessary, as is 
strongly argued, to aim at high yields 
without high inputs of support enetgy, 
but this may not be sufficient. No-one 
would quarrel with the conclusion that 
“the greatest potential improvement 
thus lies in the area of conventional 
agricultural technology”, but this is al- 
ways likely to be so in the short term 
(if we mean by improvement greater 
food production). Bat if. much more 
food was grown and harvestede the 
dilemma would renfain, that the hungry 
people ane alfo despérately poor. 

Despite these criticisms, this volume 
is a constructive step in the right direc- 
tion and will be of great value to all 
those interested in the application of 
technology to efficient food production. 


eae trientine 


C. R. W. Spedding is Professor of Agri- 
cultural Systems and Head of the Depart- 
ment of Agriculture and Horticulture at 
the University of Reading, UK. 





Foresight: and 
responsibility in 
land use — 


John Andrews 


The Thames Transformed: London's 
Rivereand Its Waterfowl. By J. Harri- 
son and P. Grant. Photographs by P 
Harrison. Pp. 240 (André Deutsch: 
London, 1976.) £5.95. 





INDUSTRIALISED British estuaries have 
recently begun to receive the attention 
necessary to retain or restore their 
natural productivity. The Thames ex- 
emplifies the work, its results and the 
complex problems to be solved if the 
international importance of wildlife in 
our major estuaries is to be maintained. 

One-third of The Thames Trans- 
formed deals with the inner estuary, 
descsibing well the decline of water 
quality to ‘the point where the river 
was a deoxygenated broth in which 
neither bird, fish nor weed could per- 
sist, and outlining the remarkable work 
of the London County Council/Greater 
London Council and the Port of Lon- 
don Authority in sestoring reasonable 
conditions in which wildlife could re-* 
turn. T[ronically, continued improve- 
menf has now reduced the massive 
Tubifex population on which the wild- 
fowl feed, so that, their numbers are 
declining, whereas waders have lost 


feeding areas due: to reclamation. 

The authors are experienced amateur 
ornithologists, Jeffery Harrison being 
known* particularly fer work og. wild- 
fowl and his concern. for the north 
Kent marshes. Nearly half the book is 
devoted to this area—the Essex shore 
is dismissed in a cursory eightech 
pages—-and deals almost exclusively 
with wildfowl, including detailed ehisto- 
rical accounts. of occurrences. There 
is no discussion of the ninety-thousand 
waders or other bird populations, nor 
of the botanical, entomological and 
other important scientific feafures of 
the outer estuary. Concentration on 
the wildfowl produces. recommenda» 


tions about the agricultural manage- 


ment of the marshes which are not in 


. the best interests of the total biological 


resource, whereas the conflict between 
wildfowl—particularly brent-——and far- 
mers, is glossed over. The identification 


. 
of current industrial and recreational 


threats is valuable but too brief to 
demonstrate fully the complexity of 
the problems, both from the point of 


view of the ‘developer’ faced with real 


social and economic issues, and of the 
‘conservationist’ striving to maintain 
scientific interest. — 

‘The authors suggest that the north 
Kent marshes should become a National 
Park rather than a National Nature 


‘Reserve, perhaps because the Nature 


Conservancy Council (NCC) has never 


had the finance required. Indeed, the 


money for research and land acquisi- 
tion which resulted from the Maplin 
Airport threat, were gained for NCC 
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‘ ° o 
by the voluntary holes which fought 
the Bill at Committee stage. It seems 
odd that there iso mention of this and 
some other important milestones, in- 
cluding the estdblishment of the NCC/ 
Ministry of Defence Advisory Com- 
mittee on Foulness and of the Thames 
‘Estuary Wildlife Conservation Group. 

‘Lhe authors do give credit, however, 
të the conservation efforts of the PLA, 
the Central Electricity Generating 








Baffling disease 
C.H. Andrewes 


influenza: The es and the Disease. 
By Sir Charles H. Stuart- Harris and 








G. C. Schild. *Pp. x+242. (Arnold: 
» London,.1976.) £12. ° 
THE remarkable properties of the 


causative virus have made influenza a 
most fascinating yet baffiling disease. 
Despite a vast amount of work there 
is still much to learn, particularly about 
how the infection can be controlled. 
Stuart-Harris and Schild’s book is 
packed with information. For much of 
his working life, Sir Charles Stuart- 
Harris has been involved with the 
disease; he has in particular cultivated 
od the area in which clinical and labora- 
tory medicine Qverlap. Dr Schild was 
until recently in charge of the WHO 
World Influenza Centre at the National 
Institute for Medical Research, 
“London, UK. Each of 12 chapters is 
followed by a list of references varying 
in number from 40 to over 100. Even 
these, as the preface points out, 
represent only a selection from the vast 
world literature. 
: We have first an outline of “the 
modern history of the study of the 
causes of human influenza’. The 
*authors pay only brief attention to 
work preceding the discovery, in 1933, 
of the susceptibility of ferrets to infec- 
» tion. Indeed there is only passing 
mention of Pfeiffer’s so-called influenza 
bacillus, Haemophilus influenzae. Nor 
is much space devoted to outbreaks in 
earlier years, for the identity of the 
infecting agent of those times can only 
be inferred. Even the catastrophic 
1918-19 pandemic is not considered at 
length. 
Having reviewed the most important 


laboratory findings, including trans- 
mission to animals, : cultivation and 
interference, chapter 2 discusses? in 


great detail the molecular biology and 
replication of the virus. There are many 
excellent and well reproduced electron 
micrographs. * These depict the whole 
virus and its separated components, 
afid are supplemented by diagrams 
clearly explaining the structure and 
mode of replication of the virus. 


* 
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Board, and others. By encouraging 
them, heir book can only help, con- 
servation which depends so much on 
the foresight and responsibility of all 


ener, 


involved in land-use decisions. oO 


aaneen: 
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John Andrews is Head of the Conservation 
Planning Department of the Royal Society 
for the Protection of Birds, dealing with 
land-use issues affecting birds throughout 
the UK. 


* Description of the viral antigens 
leads on to discussion of virus variation, 
the minor changes known as ‘antigenic 
drift’ and the periodical major ‘antigenic 
shift’ that herald pandemics. We learn 
how two viruses growing together in 
culture or in living animals may exhibit 
recombination of characters, resulting 
in virpses with hybrid properties. 
Chapter 4 deals with the influenza 
viruses of swine, horses, birds #nd ether 
species; for it is now recognised that 
man is only one host of a versatile 
family of viruses. There is increasing 
ingerest in the possibility that new 


pandemic strains may arise from 
recombination between human and 
animal viruses. The authors are, 
however, very cautious and write: “At 


the present me is seems somewhat 
premature to assess the significance of 
these findings .. .’’. 

Chapter 5 describes the disease in 
man and its complications. We then 
have two chapters on epidemiology, 
with numerous diagrams illustrating 
the variations in mortality and mor- 
bidity from year to year. The authors 
admit to being puzzled as to where the 
virus goes between outbreaks and why 
older viruses disappear when nêw anti- 
genic variants appear. There are full 
references to the work that led to the 
doctrine of “original antigenic sin”. 
This concerns the remarkable fact that 
a person’s first experience of a virus 
determines the pattern of his subse- 
quent antibody responses: these are 
largely directed against the virus he 
first encountered rather than against 
more recent ones. When tests are made 
in the light of this, against various 
animal viruses, all sorts of intriguing 
questions arise about the nature of the 
influenza viruses involved in outbreaks 
of earlier years. i 

Studies of immunity, next described, 
deal largely with the relation between 
immunity and the level of antibodies 
in serum and in nasal secretions. 
Clearly it is vital to understand these 
matters if vaccinagion is to be attemp- 
ted with any success. The results of 
several trials with inactivated “vaccines 
of varigus kinds are reviewed in Yetail, 
and there is discussion about the best 
strategy for vaccine administration. 

There are obvious theoretical advan- 


from 1700 onwards, considers the 
‘of pandemics, and seems to have 





. 195 


tages in ghe wse of a live attenuated 
vaccine: it can be given as a spray” and 
thus be much more acceptable: and it. 
woeld be vastly cheaper. Methods used. 
for virus attenuation are. described. to- 
gether with the results of trials; t 
on a large, scale have been carried 













-mainly in the USSR and Jugos 


seems that, although acci 
tenuated vaccines are ava 
results of trials have been varia 
authors suggest that live vaccin 
more likely to be effective “wl 
new pandemic virus is triggering o' 
new cycle of epidemics”. Otherwi 
killed vaccines may be better: °° Ceo: 
“Some progress” is reported in the 
field of chemoprophylaxis and chemo-- 
therapy. Amantidine; än- -particular, is. 
discussed, as is the theoretical basis: of p 
the ways in which drugs may contrive 
to upset replication or refase of virus. — 
The final chapter provides details of. 
the ‘Various techniques in use for the 
isolation and assay of virus, and of the 
various serological methods in use. 
Particularly useful will be the accounts 
of the recently described “‘single-radial- 
immunodiffusion” and “single-radial- 
haemolysis” tests. ee 
A postscript discusses the acent ex- 
citement over the small outbreak due 
to a swine-like virus in New Jersey. As. 
is wisely pointed out, “spread of assec 
influenza viruses from pig to man and. 
their restricted spread in the population | 
may have occurred from time to time 
in the past without detection”. AN 
The book will be of great value to— 
workers in this field and to those con-. 
cerned with preventive measures. Ft 
invites comparison with another, much 
smaller, popular book on the subject, 
Influenza, the last great plague by 
Professor W. I. B. Beveridge (Heine- 
mann Educational: London, £2.95). 
Stuart-Harris and Schild’s book is full. 
of well documented facts, but the 
authors are very chary of even modest 
speculation. Not so, Professor. Beve- 
ridge; he freely discusses pandei 

















doubt about the role of animal 
in their genesis. Whereas one 
describes the “trees” in most 
detail, the other makes a bold 
to discern the nature of the “y 

The only serious criticism of S 
Harris and Schild’s book is that tl 
print is annoyingly smaller than usu als 
doubtless the price, would, otherwise be : 
even higher. One hopes tRat the rising 
cost of books will not cause publist 
to lower their standards of presentat 


Sir Christopher Andrewes was Depu 
Director of the National Institute 
Medical Research, London, UK, fro 
1952-61, during which time he was also in 
charge of the WHO World Influenza 
Centre. 
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Climatic 
pipe dreams 





R. P. Pearce 


The Cooling. By G. Ponte. Pp. 306. 
(Prentice-Hall: Englewood Cliffs, New 
Jersey, 1976.) $8.95. 





Tue author of this book is described 
on the fiy-leaf as having been an arms 
control researcher and who has since 
worked as a television and radio com- 
mentator. The book is about world 
climatology, its scientific as well as its 
wider human aspects. I, the revfewer, 
am a meterorologist who has spent a 
large part of his life in a University 
environment, attempting to solve some 
of the enormously difficult scientific 
problems which the atmosphere pos¢s, 
of which those relating to longer-term 
climatic. changes on the global scale 
are perhaps the most challenging of 
all. 


aan only describe the experience 
of reading this book as having been 
something resembling a meteorological 
nightmare. Such a hostile instinctive 
reaction to a book makes it difficult for 
any reviewer to present what he feels 
he will regard in retrospect as a fair and 
reasoned appraisal, and I will therefore 
make every effort to give the author 
as much credit as it seems possible to 
give him, bearing in mind the highly 
controversial nature of the topic on 
which he has chosen to write. 


The first part is an account of 
existing knowledge of climatic trends, 
particularly those of the, past 20,000 yr 
or so, and of the physical factors 
determining climate. The presentation 
emphasises the role of solar radiation 
and discusses processes likely to result 
in variations of solar energy out- 
put. The second part examines the 
influence @limatic factors have had on 
human activity from prehistoric to 
more recent times. The increasing 
susceptibility of the eapidly expanding 
and technologically developing human 
population to climatic variability is 
strongly emphasised; an appreciation 
of this by governments is illustrated by 
their involvement in discussions of 
schemes to control weather in various 
ways—for example, by hurricane 
modification, rain enhancement by 
cloud seeding, and the construction of 
bgrriers to modify ocean currents. 
Illustrations are also drawn, mainly 
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from, the US experience in Vietnam, 
of the use of weather modification as 
a weapon of war. The severe conse- 
quences of adverse weather such as 
droughts and hailstorms on food pro- 
duction over large parts of the globe 
are discussed in sonæ detail, and the 
activities of weather modification 
groups to alleviate the worst effects of 
these phenomen& are given some 
prominence. The legal aspects of these 
activities are also discussed. 


The third and final part of the book 
looks to the future. Taking as its basic 
proposition that there is a one-in-ten 
chance that the Earth’s climate will 
cool and become more hostile to and 
seriously affect human activity over a 
large part of the globe within the next 
hundred years, it examines in some 
detail three possible options (apart 
from dwing nothing) open to us for 
meeting this situation. The first is to 
adapt ourselves to the anticipated new 
conditions (for example, by introducing 
mandatory birth control to stabjlise 
the world population, accompanied by 
food, water and energy rationing): the 
second is to try to modify climate 
locally—for example, by building a 
dam across the Straits of Gibraltar; 
and the third is to try to alter the 


global climate by, for example, 
blackening the polar ice caps or 
damming the Bering Straits. The 
author, after a brief reference to 
present international research efforts 
under the Global Atmospheric 


Research Program and stressing the 
urgent need for more research, con- 
cludes that the wisest course is a 
flexible mix of options. 


The work is written in a highly 
sensationalist style which never lets 
up. The author’s insatiable urge to 
impose his ideas on the reader and 
saturate him in his verbal imagery 
frequently leads him to use phrases 
which are logically absurd and amount 
to little more than scientific mumbo- 
jumbo. An example of this occurs in 
his description of a stationary high 
pressure area over Greenland as 
“causing a slight vacuum effect in 
wind patterns that increased cold 
winds sweeping down into Europe”. 
Another is his description of tornadoes 
as “masses of cold air bumping into 
each other in thunderstorms”. Some 
of his diagrams, too, are inaccurate. 
One of these shows the intertropical 
convergence zone as penetrating north 
of the Himalayas and up into Mongolia 
during the period 1900-1940! 


But there is another aspect of this 
book’ which I find highly irritating and 
irresponsible. This is its almost total 
disregard and armpgant dismissal of 
the substantial progress made by the 
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worldwide sci@htific meteorological 
community in retent years in getting 
to grips with the fundamertal problems 
concerning the physical basis of 
climate. The Global Atmospheric 
Research Program gets a mention 
here and there, but this hardly com- 
pares with the attention giver, “for 
instance, to the work of those who 
predict that an ice age could be upon 
us in seven years, or who talk of 
“punching holes” through the ozone 
layer with laser beams as a possible 
means of waging war on an enemy. 
The US National Academy of Sciences 
has recently producéd a highly pro- 
fessional and valuable report (Uhder- 
standing Climatic Change: A Pro- 
gram for Action) but this is referred 
to only briefly in arn Appendix; and 
the Academy eitself is cursorily dis- 
missed as a “‘staid group”. 


All this is a great pity and, I fear, 
could even be dangerous. Lay 
individuals reading this book (includ- 
ing politicians, one of whom has 
contributed a foreword) could easily 
be misled into thinking that meteoro- 
logists know enough about global 
atmospheric behaviour to make a 
reasonable guess at what will happen 
to our climate over the next hundred 
years; and that we are on the verge of 
being able to change climate to provide 
a more favourable tnvironmefit for 
mankind. The impression is given that 
only those meteorologists prepared to 
indulge in climatic prediction and 
weather modification have any real 
concern for applying their science to 
the benefit of humanity and that the 
others are just sitting back and taking 
little effective action. 


It is a pity that the author has not 
directed his obvious talents as 4 publi- 
cist primarily towards drawing the 
attention of those who read his book 
to the great economic importance of 
weather and climatic research and to 
the need for strong financial support 
for the activities of those who are, and 
have been for many years, attempting 
to fill the large gaps in our scientific 
the atmosphere and 
oceans, and the factors determining 
their behaviour, particularly on the 
longer time scales, Contrary to the im- 
pression conveyed by the author, most 
meteorologists see these as the primary 
goals of the science at this stage in its 
development. Until we have made more 
progress in this direction, reliable 
climatic prediction and control, the 
main themes of*this book, are but pipe 
dreams. Ea 





R. P. Pearce is Professor of Meteorology 
and Head of the Department of Geo- 
physies at the University of Reading, UK. 
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Introducing a major MTE E 
astronomy course in two volumes by 
*A E Roy and D Clarke (University of 
Għsgow) 


Astronomy: Principles and 
Practice 


342 pp 15 b&w & 239 fae illustrations 
cloth ISBN 0-85274-292-4 £10.00 net 
paper ISBN 0-85274-346-7 £7.50 net 


¢ 
+ 


Astronomy: The Structure of 
the Universe 


285 pp 67 b&w 8 157 line illustrations 
cloth ISBN 0-85274-327°0 £10. OO net 
paper ISBN 0-85274-347-5 £7.50 net 


Two textbooks written to meet the current 
need for a comprehensive.and systematic 
treatment of astronomy, including the 
physical and mathematical groundwork 
so often omitted from other textbooks. 
Both books include many worked examples, 
problems with answers, and a selection 
of practical projects. Although primarily 
intended for under-graduate use, these 
books will enable serious amateur astron- 
omers to study their subject as a working 
sciencg. They are published in a lame 
format as both casebound and paper- 
bound editions. 


An ae book for the off-duty 
scientist , 


‘The Harvest of a Quiet Eye 
A Selection of Scientific 
Quotations 
Compiled by A L Mackay (Birkbeck 
College, London) 
Over 1200 quotations presented in 
alphabetical order of attribution, with a | 
keyword index, ‘ 
‘an absolutely splendid book’ Chemistry 
and Industry 
‘this book is a godsend’ New Scientist 


192 pp 24 line illustrations cloth 
ISBN 0-85498-031-8 £5.20 net 


+ 
New titles in the Conference Series: 


30 Liquid Metals 1976 
Edited by R Evans and D A Greenwood 


Third international Conference. Bristol. 
July 1976. 
672 pp illustrated cloth 


ISBN 0-85498-120-9 £26.00 net 
Circle No. 23 on Reader Enquiry Card. 
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_ of solid polymeric materials, covering 


Adam Hilger’ Lid 


Dielectric Spectroscopy of 
Polymers j 

P Hedvig {Plastics Industry Research 
Institute, Budapest.) 


A comprehensive treatnfent of a versatile 
technique for the ‘investigation and analysis 


theory, experimerital methods and 
applications. 


431 pp 180 illustrations cloth 
ISBN 0-85274-247-9 £17.50 net 


Morphogenetics of Karst 
Regions 

L Jakucs (Szeged University, Hungary} 
A modern geomorphological treatment of 
the origin of the distinctive geographical 
features of karsts (limestone areas). It 
resolves many contradictions between 
theory and observation, and offers 
revglutionary new standpoints in karst 
morphology. There ts no similar book. 


284 pp illustrated cloth 
ISBN 0-85274-309-2 £17.00 net 


+ 
Operational Calculus 
| Z Shtokalo (Soviet Academy of Sciences) 


The author outlines the development of 
operational calculus and presents a 


3 The Institute ot Physics 


31 Radiation Effects in Semi- 
conductors 1976 


Edited by N B Urli and J W Corbett 


Ninth in a series of international confer- 
ences. Dubrovnik. Septernber 1976, 
approx 500 pp illustrated = cloth 

ISBN 0-85498-121-7 £22.00 net 


32 Solid State Devices 1976 
Edited by R Muller and E tange o 
invited review papers from the Sixth . 
European Solid State Device Research 
Conference. Munich. September 1976. 
140 pp illustrated cloth 

ISBN 0-85498-122-5 £13.00 net 


33a Gallium Arsenide and 
Related Compotinds 

* (Edinburgh) 1976 ° 
Edited by C Hilsum « | 


European*session of the Sixth iaternatgaal 


Symposium. Edinburgh. September 1976. 


438 pp illustrated. clgth 
ISBN 0-85498-123-3 £20.00 net 


Decomposition: of Super- : 


St Louis, Missouri. 
358 pp 


Adverse Environments (77 | 












general course in the subject, befo 
describing his own work: and t t { 
colleagues, $ 


333 pp cioth 


ISBN 0-85274-321-1 £1 6.00 ne 


positions of Density Functions 
and Discrete Distributions 
P Medgyessy (Mathematical institute, 
Budapest) : 


The first substantial monagraph devoted - ae 
exclusively to density functions and the o 
problem of their mathematical separation oy 
or decomposition. — ae Zz 


308 pp illustrated cloth © Genoan 
ISBN 0-85274-.294-0 £12.00 net 


Spectrochemical Ancivaiac of 
Pure Substances 

Kh Zi bershtein (/nstitute of Silicate 
Chemistry, Leningrad) 


A translation of a major Russian work gg 
devoted to the special refinements of ory 
technique needed for the spectrochemical - | 
analysis of trace elements in high-purity: 4 
materials. Revised and updated with the | 
full cooperation of the author. anme 


435 pp illustrated cloth 
ISBN 0-85274-264-9 £27.00 net 





33b Gallium Arsenide and 
Related Compounds 


(St Louis) 1976 


Edited by L F Eastman 


North American Session of the Sixth 
International Symposium. 
September 1976, 
cloth cee 
£18.00 net 7 








illustrated — 
ISBN 0-85498-124-1 


34 Operation of Instrumen 


Edited by J Knight. 


London. October 1976. 
134 pp illustrated. cloth 3g 
ISBN 0: 85498- 1259X £16.00 net 


Orders, with remittance, shoul be sentti 


Physics Trust Publications 

(for Institute of Physics titles) 

or 

Adam Hilger Ltd 

Publications Sales Office 

at 

Blackhorse Road Letchworth 
Herts SG6 1HN England 











. | ‘Nature 28 April 1977 





| The Analysi¢ of Organic Materials An international Series of Monographs Numbe?'2- 
The Determination of Sulphur Containing Groups 


Volume 3, Analytical Methods for Sulphides and 
Disulphides . 


+ 


M. R. F. Ashworth : 


May/June 1977, x + 220pp., £11.00/$21.50 0.12.065003.7 7 


This volume, the third on the determination of sulphur-containing groups, presents the methods which are available to detect, identify, 
separate and quantitively to determine compounds containing a sulphide or disulphide group. The compounds considered are those in 
which the -S-S groups are attached to carbon atoms linked otherwise only to hydrogen or to other carbon atoms, which covers thia- and 


dithia-alkanes, cycloalkanes, and arenes. Of the many heterocyclic structures then theoretically eligible for treatment only the 
important thiophanes and biotin have been included. 


@ 


Personality and Psychopathology 
A Series of Monographs, Texts and Treatises 


The Scientific Analysis of Personality ‘an 
Motivation | 


R. B. Cattell and P. Kline es 
June/July 1977, x + 382pp., £11.50/5 28.50°0.12.164250.X 


Presented here is a comprehensive reference source to the work of Cattell and other factorists. The basic aims of the book are to 
explicate the results of the multivariate analysis of personality and to integrate Catteil’s work with noh-multivariate psychological theory. 
Topics under discussion include different methods of multivariate theory analysis and their application to the study of personality and 
motivation; types of personality test; the psychological meaning of the main personality factors discovered among normals, 
subnormals and children; the application of these findings to education and % clinical and industrial psychology, and finally their 
relevance to psychological theories. 


+ 
* 
+ 


Computational Mathematics and Applications 
Sefies Editor: J. R. Whiteman 


This new series on computational mathematics has been conceiveti in order to fill the gap which exists between numerical mathematics 
and theoretical applied mathematics on the one hand and engineering and scientific applications of numerical methods on the other. 
The numerical theme is central to the series and thus topics suitable for inclusion will range from numerical analysis to the application of 
numerical methods in engineering. ji S 


Volume 1 


Finite Element Programming l 


E. Hinton and D. R. J. Owen 

June/July 1977, xiv + 288pp., £11.80% 23.00 0.12.349350.1 
Contents 

introduction and theory. Assembly of elements and solution of stiffness equations. Input and output. Element characteristics for plane 
stress/strain. Element characteristics for plate bending applications. Equivalent nodal representation of loads. Discussion and further 
developments. Appendices. Index. 


Electron Spectroscopy: Theories, Techniques and 
Applications 


Volume 1 . 


edited by C. R. Brundle and A. D. Baker 
May/June 1977, xiv + 460pp., £24.00/546.90 0.12.137801.2 


This book reflects the feeling that there is much to be gained by bringing the diverse types and applications of electron spectroscopy 
together. It is felt that advancement of scientific knowledge most often results from cross-fertilisation of ideas emanating from 
individuals in areas of endeavour which, although seemingly a are unified by some common aspect. Volume 1 provides basic 
information on electron spectroscopy and on the application of photoelectron spectroscopy, both x-ray and ultraviolet, to chemical 

esystems. The volume also includes chapters on calculations of energy levels carried out in relation to electron spectroscopic 
measurements, and on the applications of coincidence techniques to electron spectroscopy in general. 


Economic Miçrobiology 


This new multi-volume series aims to provide a fully authoritative and lasting reference work on all aspects of the economic importance 
of microbial activity. 


Volurge1 ` : 


Alcoholic Beverages . . 
edited by A. H. Rose j a 
June/July 1977, xiv + 760pp., £25.00/$ 48.90 0.12.596501.X Í f 
Contents j 


+ 


A. H. Rose: History and scientific basis of alcoholic beverage production. A. M. McLeod: Beer.F. W. Beech and J. G. Carr: Cider and 
perry, R. E. Kunkee and R. Goswell: Table wines. A. Jarczyk and W. Wzorek: Fruit and honey wines.K. Kodama: Sake. R. Goswalland 


a = Kunkee: Fortified wines. A. C. Simpson: Gin and vodita. M. Lehtonen and H. Soumalainen: Rum. T. P. Lyons and A. H. Rose: 
isky. 


Biometrical Journal 5 , 


-Journal of Mathematical Methods in Biosciences ° 
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Pion Publications 


Semimetals and Narrow-Bandgap Semiconductors 
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Pion Advanced Biochemistry Series 
Editor: J. R. Lagnado s 


- Aldehydes in Biological System 


Their Natural Occurrence and Biological Activities 


published by Pion Limited 207 Brondesbury Park, London NW2 5JN, England 
These publications are distributed by 


Academic Press London New York San Francisco 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


” reports on the latest developments, proceedings of conferences and book reviews are all featured in this journal. The pub 





















available trof Academic Press 


te 


Presented here are papers on new theoretical aspects of mathematics and its applications to the biological sciences — wheth 
biology, medicine, the agricultural science or to forestry. The application of mathematical and statistical methods. to new al 
science and the mathematico-cybernetic mode! constructionof biological sciences are also discussed. Original papers 


languages are English, German, French and Russian. 


included in the papers to be published in 1977 are: . : 
M. Ten Hoopen: incidental distortions in a point process.G. K. Murdoch: A note on Bailey's analysis of the simple stochastic epidem 
J. Bock: Sample size determination for the comparison of the regression coefficient with a constant in the case of simple linear _ 
regression model #1. V. Guiard and G. Herrendorfer: Estimation of the genetic correlation coefficient by half sib analysis ifthe . 
characters are measured on different offspring. A. M. Fedotov: A threshold model for analysis of function of homogeneous cell _ 
pulations. K: G. Janardan and D. J. Schaeffer: A generalisation of Markov-Polya distributions its extensions and applications. P. P. 
ager: Multidimensional analysis of the effects of organic molecules, metabolic inhibitors and drugs on biochemical responses. 


Editors: Heinz Ahrens and Klaus Bellman (Berlin) 
Publication Eight issues per year | T 
Subscription Volume 19 1977, £45.00 (UK), £45.00/$85.50 (overseas) prices include postage 


Published by Akademie — Verlag, Berlin, German Democratic Republic a a? 


D. R. Lovett 

April 1977, xiv + 258pp., £8.50 17.50 0 85086 060 1 m 
Although metals and semiconductors have been extensively treated in introductory texts and research monographs, semimetais.and.. 
narrow-bandgap semiconductors have received less attemstion. This book sets out to provide a unified treatment of the subject. Itis- 
divided into two sections. The first deals with the preparation, electrical properties, and applications of semimetals and narrow bandgap 
semiconductors in general terms. It contains a discussion of the various methods of crystal growth and the application of phase". 
diagrams, particularly in the production of mixed-crystal materials. The exposition of the underlying theory concentrates on features E 
peculiar to the group of materials, such as the use.of intermediate statistics to describe partially-denegrate electron systems. The 
second section deals with specific elements and binary and ternary compounds, and includes a large amount of experimental data. E 
There is an emphasis on the chalcogenide compounds, many of which, such as lead-tin telluride and mercury-cadmium telluride, are EO 
currently of considerable technological importance. i f 


E. Schauenstein, H. Esterbauer, H. Zollner 
Translated by P. H. Gore 

April 1977, 205pp., £9.00/$ 18.50 0 85086 059 8 š ; | 
Aldehydes are very widely distributed in living matter and have a surprisingly broad spectrum of chemical and biological functions, a 
ranging from their occurrence as metabolic intermediates, to their more or less. selective interference in energy metabolism and | Oe 
biosynthesis, to highly specific biological effects. in addition a large number of aldehydes occur under abnormal physiological E 
conditions. Many of these aldehydes are highly reactive substances and are potent inhibitors of metabolism and cell growth. Thus o 
aldehydes also play an important rolejn environmental pollution problems. This book is intended as a reference work and presents for = 
the first time a comprehensive literature on the biological effects of naturally occurring aldehydes. An introductory chapter on their — 
occurrence in vivo, reactive sites, and mechanisms of action is followed by detailed descriptions of classes of aldehydes and of specific 
aldehydes, including their structures, reactions with other cellular constituents, and effects on the metabolism both of natural and of 
cancerous cells. a ee, 
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| New books from i 


Churchill Livingstone TP 


THEORY AND PRACTICE OF HISTOLOGICAL 


TECHNIQUES ’ 


Edited by John D. Bancroft and Alan Stevens 
436 pages fully illus plus 8 pages of colour plates £13.00 


This comprehensive reference volume covers most of the 
laboratory techniques used in modern histology and 
histopathology, from the principles of tissue fixation to 
scanning electron microscopy. Written by histopathologists 
and technical staff with a wide range of experience it outlines 
the ways in which material can be handled to yield the 
maximum information. 


INTRODUCTION TO RESEARCH IN MEDICAL 
SCIENCES 

A. Cuschieri and P. R. Baker : 

226 pages illustrated £3.95 i e ° 


The book deals with the basic principles involved in the setting 
up and execution of biomedical research projects right through 
fom the stages of literature review to data analysis and 
presentation of results. 
Throughout the book, emphasis is placed on information of a 
practical nature. This includes researchposts, the organisation 
of research and the requirements for the use and selection of 
laboratory animals. The principles of animal experimentation, 
labosatory techniques, and clinical trials are presented, 
together with useful practical details. 

A guide to further reading is given at the close of each 
chapter, and includes reference books which the authors have 

ound to be particularly helpful. 


THE PRESENTATION OF ORIGINAL WORK IN 
MEDICINE AND BIOLOGY 

Hugh Dudley 

112 pages illustrated £2.50 


This is a general account of the principles and practice of 
writing papers and of the presentation of short communications 
at scientific meetings. It is written with particular emphasis on 
the organisational and practical aspects of communication. All 
those involved in research medicine and biology will find this 
book invaluable, whether as a manual for the beginner or as a 
source of reference for the experienced. 


CLINICAL RADIOBIOLOGY 


W. Duncan and A. H. W. Nias 
234 pages 112 line illus plus 4 half-tone photographs £9.50 


This is the first textbook of radiobiology in which the clinical 
requirements of the subject have been given priority. It is an 
authoritative account of the important principles of radiobiology 
relevant to clinical radiation oncology. 

The 3o have throughout tried.to make the book as 
readable as possible, selecting scientific material carefully to 
emphasfse those aspects of immediate interest to 
radiotherapists, clinical oncologists, radiographers and clinfcal 
radiation physicists, 

The authors are a professor of radiotherapy and a consultant 
medical radiation biologist in two of the leading British cancer 
treatment centres. They both bring to the work over twenty 
years of,practical experience in the day-to-day problems of 
radiation oncology, and experience in the investigation of 
radiotherapy’s scientific basis through radiobiology research. 
The book is thus firmly embedded in the practicalities of clinical 
radiotherapy. + 
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Baslow, M.H.: 

MARINE PHARMACOLOGY . 
Reprint 1977 ° ; 
supplementary material 300 pp. $11.50 
DuPorte, E.M.: 

MANUAL OF INSECT MORPHOLOGY 

Reprint 1977 . 235 pp. $8.50 
Ellsworth, A.F.: 

THE NORTH AMERICAN OPOSSUM 

(An Anatomical Atlas) Š 

Original ed. 1976 «218 pp. $6450 
Najarian, H.H.: . °° . 

TEXTBOOK OF MEDICAL PARASITOLOGY 

Reprint 1975 . 166 pp. $11.50 
Stansby, M.E.: $ 
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Reprint 1975 400 pp. $18.50 
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Environment and Man 
Editors: John Lenihan and William W Fletcher 






A series which presents an authoritative explanation and 
discussion of a wide range of problems related to the environ- 
ment, at a level suitable for practitioners and students in sci- 
ence, engineering, medicine, administration and planning. 

* 






Now available: 
Volume 3 ENERGY RESOURCES AND THE 













EN VIRONMENT 

Limp 0 216 90076 X £4.15 net 

Cased 0 216 90077 8 £8.30 net 
Volume 2 FOOD, AGRICULTURE AND THE 

ENVIRONMENT 

Limp 0 216 90078 6 £3.15 net 

Cased 0 216 90079 4 £6.30 net 
Volume 3 HEALPH AND THE ENVIRONMENT 

Limp 0 216 90216 X £3.95 net 

Cased 0 216 90217 8 £7.90 net 
Volume 4 RECLAMATION 

Limp 0 216 90128 6 £3.95 net 

Cased 0 216 90129 4 £7.90 net 






Volume 5 THE MARINE ENVIRONMENT will 

be published in May, 1977. 
Limp 0 216 90130 8 £4.50 net 
Cased 0 246 90131 6 £8.90 net 















Please order from your bookseller oy in case of difficulty 
* , write to the publisher: 


BLACKIE & SON LTD 


BISHOPBRIGGS, GLASGOW, G64 2NZ 
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British. weather 
H. H. Lamb 


_ The Climate of the British Isles. Edited 
* by T. J. Chandler and S. Gregory. Pp. 
xviii+ 390 (Longman; London and New 
York, 1976.) £5.95. 


Tus useful book is likely to win wide 


acceptance as the fundamental refer- 


ence work that its title implies. It 
presents a mine of information within 
a handy size and wal serve many 
practical needs. Its editors, who are 
the heads of the Georgraphy Depart- 
ments of Manchester and Sheffield 
Universities, planned the book as a 
successor to E. G. Bilham’s classic 
work which appeared under the same 
title in 1938: this new versi&n, written 
with more awareness of climatic 
change, and incorporating a chapter on 
that topic, is to provide up-to-date 
observational data, including much 
(for example, on pollution) that was 
not available 40 years ago, and an 
introduction to modern ideas and 
analysis techniques (notably the greatly 
increased use of synoptic clingatology). 
Although 12 of the 15 chapters are by 
scientists holding university appoint- 
ments and only three by present or 


e recently retired members of the UK 


Meteorological Office staff, the Office, 
together with the Irish Meteorological 
Service and their official publications, 
have provided most of the data. 

The book is on about the same scale 
as Bilham’s, having 390 pages to his 
347 and 110 maps and 80 tables to his 
101 and 63. Like all works made up 


. Of contributions from different authors, 


however, the style and standard of the 
chapters in the new work is somewhat 
uneven (although as regards most, not 
badiy so). One is not told about the 
qualifications of the authors, but the 
research fields preferred by all but two 
of them can be recognised in their 
works cited in the 560-item biblio- 
graphy (a very good list of modern 
references, although omitting some of 
C. E. P. Brooks’s works, such as his 
Climate in Everyday Life and British 
Fitoods and Droughts, which are still 
useful). . 

It is sad to have to criticise anything 
in such a useful straightforward job as 
this compendious bgok. Yet the text 


is presented in a thin spider’s web of, 


print whicheis also too large for the 
spacing of the lines and fades to an 
indecipherable greying of the page in 
poor light in which Bilham’s older text 
is still clearly readable. Another un- 
happy choice is the bold poster-print of 
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page-nifmbers in the index which has 
no point in combination with the 
spidery print of the subjects to be 
identified. The style in itself is nôt 
unattractiye but is more appropriate 
to a mail-order catalogue than to a 
book that is to be read and re-read 
carefully over many years. By contrast, 
the printing of the many maps and 
tables is mostly good: but it is too 
small, so that.a magnifying glass is 
needed to check many details. In some 
cases this, combined with awkward 
spacing of the figuring (as in Fig. 6.6 


on pl41), presents a real danger of | 


misreading 1.0 as 10 and 2.5 as 25, 
and so on. It is odd, too, that so few 
publishers seem to realise the virtue 
of giving the key date--the year(s) 
and/or month or season-—-of each map 
of a series boldly on the map rather 
than in a list in smali print in ¢he group 
caption. There are also a few com- 
plaints about language. The Gaelic 
word Eire, which means the whole 
isand of Ireland, is wrongly used in 
the title of the Irish Meterorological 
Service and elsewhere in the book to 
relate to just the 26 counties of the 
Republic. Another author prefers to 
use the five-syllable word “altitudinal” 
when he means “height” differences. 
In these changing times the fashion 
for changing names presents problems 
to writers who have to refer to the 
geography. This book boldly uses names 
of new counties in England and Wales, 
possibly before it is certain that they 
will stick. 

In writing of the book’s many 
virtues it is hard to know what to 
stress. This reviewer will probably find 
most occasion to refer to the data in 
the chapters on wind, radiation, 
temperature, precipitation, the climates 
of coasts and inland water bodies, of 
soils, slopes and vegetation, and the 
climates of towns. But nearly every 
chapter is packed with data, presented 
in forms likely to be of wide usefulness, 
and some of the other chapters also 
(for example, on synoptic climatology) 
are very good and up-to-date. 

A few samples of items that struck 
one reader as interesting either per se 
or as indicating lines of development 
of the subject will illustrate the &ontent 
and flavour of the book. First, a point 
that indicates inter alia where further 
development is needed: the presenta- 
tion (pp62-68) in text, map and tables 
of extreme windspeeds having average 
recurrence periods of just once in 50 
and once im 100°yr, derived by sound 
statistical theory and adopted by the 
British Standards Institution far basic 
design * windspeeds for buildings, are 
based in many cases on only 20-30 yr 
of record (and, iñ at least some cases, 
it may be presumed based on the 
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very unrgprestntdtive decades earlier 
in this century). The table of average 
yearly number of days with gale at 19. 
sample places illustrates not only the 
real gross geography of gales in these 
islands bat how localities (and other 
things) may change with time and 
affect the issue’ The second lowest. 
frequency of gales (1.3 days per year) 
is at Mildenhall, Suffolk, now o 
edge of Thetford Forest, an area 
was known in the seventeenth century. 
when it was open barren land for its: 
storms of blowing sand that ruified : 
many estates. FE 

It is odd that there is no reference’ 
to hail in the index, but in the pre- 
cipitation chapter we learn (p129) that: 
ths is an item which has been. 
insufficiently. studied and for. which 
data are sparse. Many readers will be 
interested in the opporttinity to. com- 
pare, the raininess of different places 
in terms of the average duration of 
rainfall: within the British Isles (in. 
the 1950s) this ranged from 407 hyr™ 
at Ipswich (427 in the London area). to 
616 at Plymouth, 1,157 at Swansea and 
ap to 1,422 in the Western Highlands: 
of Scotland. Cloud-cover apparently 
varies much less widely, drom an 
overall average of 6.7 tenths at Aber- 
deen and 7.0 in London. and East: 
Anglia to 7.8 in the west and ngëkkepf. 









Scotland. Another aspect of the 
western climates comes out in the 
temperature chapter, where the- 


extreme south-west, the coasts of Wales 
and south-west Treland, so favoured for 
retirement, are pointed up as the areas: 
where the average winter temperatures. 
are not low enough for the vegetation 
(and the grass of your lawn!) to cease 
to grow. 

Other interesting features include a 
map of the summer albedo of England 
and Wales, and diagrams detailing the 
radiation falling hour by hour on slopes: 
of various angles facing north, east and: 
south. A mag of the frequencies of fog, 
with the greatest frequencies (up to: 
60-70%) occurring on the high. ground, i 
reminds us how poorly represented are. 
the hills in this country by observing 
sites since the discontinuation alres 
in 1904 of the pioneer, Ben Ne 
Observatory. There is tich that 
interesting also in the chaptèr n 
coasts and inland waters, although we 
learn that mos? of the study of the 
climate of the latter so far has been 
left to the freshwater biologists. 

This book is a “worthy successor to 










Bilham’s, keeping abreast of the 
climate itself and our developing 
knowledge of it and its impacts. 


Altogether good value at the price. 


H. H. Lamb is Director of the Climatic 
Research Unit at the University of East 
Anglia, Norwich, UK. 
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Principles of Engineering Geology. By 
P. B. Attewell and IL W. Farmer. Pp. 
xxx -+ 1045. (Chapman and Hall: London; 
Halsted/Wiley: New York, 1976.) £25. 





ENGINEERING GEOLOGY has been the main 
growth subject within the industrially- 
orientated aspects of the Earth sciences 
“during the past two decades. The ques- 
tion remains, however, as to whether the 

= success of engineering geology has been a 
consequence of the development of a new 
discipline, or is more fairly a reflection of 
the vocational opportunities for ggolo- 
gists within the construction industry. 

» The origins of engineering geology, as 
it is now defined, lay in the heavy con- 
struction industry in the early years of 
this century when geologists were invited 
to advise firstly on ground problems eñ- 
@untered during construction, and sub- 
sequentlto assist in the prediction of 
difficulties during the earlier phases of 
investigation and design. At that time 
sof@@md rock mechanics did not exist as 
such and so it was natural in civil 
engineering for geologists to continue to 
be employed in the United States for the 
following decades: it was not until the 
1950s that systematic education and 
growth in employment opportunities 
began to develop on a world-wide scale. 

Soil mechanics was, by then, a well- 
established branch of engineering science, 
and subjects such as rock mechanics and 
hydrogeology were also firmly established. 
Perhaps it was inevitable that engineering 
geology has tended to move into a central 
position within the engineering earth sci- 
ences, attempting to link together the 
interactions between rock, Soil and water 
as engineering materials within the 
realities of natural geological conditions 
and engineering problem-solving during 
investigation, design and construction. 

There is, in consequence, a considerable 

element of choice not only in the balanee 
between thé’gomponent subject areas but 
< also in the extent to which these subject 
= areas are integrated with one another. On 
< the one hand, it can bè argued thgt the 
-professional engineering geologist is es- 
sentially a geologist and his knowledge of 
the. -engineermg disciplines should be 
maintained at a level that enables him to 
be able to communicate effectively in an 
gineering environment. On the other 

d, engineering geology can be viewed 

epresenting a balanced approach to- 

ards geotechnical engineering drawing 
gether soil and roek mechanics, hydro- 
cology and geology into a unified whole 
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to that the engineering geologist adopts 
the role of an engineer. 

The authors of this textbook have been 
concerned for some years with the organi- 
sation of a postgraduate cougse in engi- 
neering geology at Durham University, 
and the structure of the book reflects both 
the philosophy of this course, and the 
associated research, activities. The book 
falls into two broad sections, the earlier 
part providing an approach towards the 
study of the engineering properties of 
engineering soils and rocks, whereas the 
later part deals with more practical, 
engineering-orientated topics. 

The opening chapter provides a general 
coverage of minerals and rocks, drawing 
particular attention to clay minerals and 
their identification and this is followed by 
a concise review of soil mechanics. The 
succeeding chapter is a major treatment of 
the geotechnical and geological charac- 
teristics of clays and clay shales, much of 
the relevant material having been drawn 
from unpublished research, The text turns 
to rock as a material, and the influence of 
symmetry and preferred orientation of 
micro- and macrofabrics on the proper- 
ties of rocks and soils. The progressive 
approach of the authors towards the de- 
velopment of macroscopic fabric dia- 
grams related to stability/ifstability fields 
is of particular interest. 

At this point the book seems to change 
step, turning systematically to site investi- 
gation, groundwater, soil and rock slope 
Stability, techniques of ground improve- 
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ment, and the assessment and contro! of 
water resources. Most surprisingly, the 
application of geology to tinderground 
works and foundations, two important 
facets of the subject, are almost complete- 
ly ignored. 

This textbook is an interesting view of- 
engineering geology, more strongly reflec- , 
ting the engineering aspects than the 
geological. The arrangement of the book 
into two parts with somewhat different 
themes, is, however, not wholly satisfying 
nor has there béen adequate control of 
excessive detail which penetrates into the 
text. For a book in excess of a thousand 
pages and at a price that will deter many, 
more careful structuriag of the book with 
regard to the pogential market could have 
ylelded a “shorter, cheaper and more 
comprehensive text. ° 

The publishers’ suggest that the book 
will be of value for courses in both civil 
engineering and geology; at this price it 
can only possibly attract those who have 
already chosen engineering geology or 
geotechnical engineering as their career 
field. It has also been suggested by the 
publishers that “the book will itself even- 
tually become synonomous with the sub- 
ject area of engineering geology”. Many 
will debate this prediction but it does not 
detract from the valuable service that the 
authors have done in drawing together so 
much useful material. [ 


LJ 





J.L. Knill is Professor of Engineering Geology 
at Imperial College, University of London, 
UK. 
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Dating in Archaeology: A Guide to 
Scientific Techniques. By S. Fleming. 
Pp. 272. (Dent: London, 1976.) 
£8.95. 





A DECADE AGO, when the application of 
scientific dating techniques to archaco- 
logical material was gaining momen- 
tum, this book would have been a 
welcome addition to the bookshelves 
of archaeologists. Non-specialists then 
needed a general introduction to the 
available methods, with some indica- 
tion of their potential and limitation, 
to illustrate the wealth of information 
that could be extracted from archaeo- 
logical material and to assist them in 
the assessment of tHe validity of the 
dates preduced. 

This, book follows*a standard for- 
mat with sections devoted to tle main 
dating methods, giving information on 
the method, the materials to which it 
can be applied, its accuracy, associated 


problems and selected examples of its 
application. There are eight main cħap- 
ters, plus a useful introductory chapter 
on the chronological patterns that were 
developed before the main impact of 
scientific dating methods, and a, final 
chapter on scientific techniques applied 
to art history. The methods which re- 
veal aspects of climatic changes are ° 
considered in an appendix and the 
other appendix contains an outline of 
the pre-dose thermoluminescence 
technique. 

One of the greatest problems facing 
apchaeologists is the interpretation of 
the information yielded by scientific 
dating methods. They are left with 
dates, plus associated errors, and a be- 
wildering array of methods for the 
manipulation of the data. This prob- 
lem is more readily acknowledged in 
the case of radiocarbon dating but it 
is inherent in all dating methods. The 
author gives no guidance in this mat- 
ter, nor does he. mention all possible 
procedures. He may feel that it would 
be premature to do so, and, as he says, 
“So many of the finer details of radio- 
carbon variations remain unresolved 
that no strong attempt has yet been 
made to routinely correct older con- 
ventional dates ...”. But he adds: “the 


. 
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reader may be e rs adopt at 
least one form of correction factor to 
produce more absolute ages...” (p73). 
The non-specialist, who has to make a 
selection and evaluate conclusions, 
understandably requires assistance, of 
„positive or negative recommendations. 
In the examples given of the applica- 


i tion of the methods, Dr Fleming con- 


centrates on the results, and not the 
validity of their interpretation. 

The selection of examples of appli- 
cations is wide-ranging and one of the 
merits of the book is that it draws on 
material not rgadily accessible, but 
some omissions are rather surprising 
from an archaeolegical viewpoint. For 
example, scientific dating has had a 
considerable impact on the chron- 
ology of prehigtoric Europe, but two 
references to the sanfe paper is scant 
recognition of the lengthy debate 
which has produced a book and 
numerous papers. It may be considered 
that no-conclusions are yet possible or 
that the topic has already been fully 
discussed, but readers familiar with 
the arguments will also be conversant 
with much work in. this book. Also, the 
chronological framework discussed in 
chapter 1, and that indirectly derived 
from it, have been discussed in the 
light of new dating evidence, and a 
final summary of the continujng valid- 
ity df the origifial patterns would have 
been helpful. 

The topics discussed are continually 


e being developed and modified, and the 
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author has made a conscious effort to 
keep the bibliography up-to-date. 
Although it is useful to find descriptions 
of methods, like acid racemisation, 
which have so far only achieved limi- 
ted recognition, from the point of view 
of aschacologists the changes in the 
main methods have been evolutionary 
rather than revolutionary in the few 
years to elapse since the last synopsis 
was published. 

Despite the comments above, there 
is much of merit in this book. It con- 
tains a wealth of information, it is up- 
to-date, the methods are described 
clearly with an adequate amount ef 
detail, and the diagrams are particu- 
larly clear. One distinctive feature is 
that analytical techniques and appli- 
cations which have chronological im- 
plications are rightly included. It can 
certainly be recommended as the most 
up-to-date text for non-specialists, and 
the author is only unfortunate that he 
has followed a path which a number 
have trod. Perhaps the definitive book 
on dating, which Dr Fleming 
admirably qualified to produce, is not 
destined to appear in the immediate 
future. C) 


Elizabeth Slater is Lecturer in Archaeo- 
logical Science at the University of Glas- 
gow, UK. 
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Prehistory of the Nile Valley. By F. 
Wendorf and R. Schild. Pp. xxiv+ 404. 
(Academic: New York and London, 
1976.) $25; £13:75. 





THE INTENTION of this book is to as- 
semble and present all the available 
data and observations 
three seasons of fieldwork (1967-69) 
along the Nile in Egypt. The first part 
of the book covers in considerable de- 
tail the geology and stratigraphy of the 
Final ‘Pleistocene Nile sediments be- 
tween the Assuan and Fayum Depres- 
sions, including comprehensive deScrip- 
tions of sites and sections. The second 
part describes and revises the sequence 
of stratigraphical and chronological 
evénts, and attributes the archaeologi- 
cal sites to cultural units. 

The book is well illustrated with 
maps, section drawings, drawings of 
artefacts and photographs which clarify 
the rather lefgthy descriptions of the 
sites. Regrettably a few names of the 
areas discussed are not mentioned in 
any of the maps. 

The title of the book is somewhat 
misleading in view of the detail con- 
cerning the geology and palaeoenviron- 
ment; this latter is, nevertheless, of 
considerable value. The purely archaeo- 
logical descriptions occupy only a 


small portion of the book. a 


Lake Rudolf 


Basin 
G. E. Kennedy 


Earliest Man and Environments in the 
Lake Rudolf Basin: Stratigraphy, 
Paleoecology and Evolution. Edited by 
Y. Coppens, F. Howell, I. Clark, L. 
Glynn and R. E F. Leakey. 
Pp.xxi+ 615. (University of Chicago: 
Chicago and London, 1976.)« Cloth 
£11.90; paper £5.80. ° 


AAAA eee 
PALAEOANTHROPOLOGISTS have often dis- 
cussed the value of an interdisciplinary, 
‘synthetic’ methodology and yet this 
approach has not been highly visible in 
the literature. Thig book, and the recently 
published After the Australopithecines (ed. 
K. W. Butzer and G. L. Isaac * Mouton: 
The Hague and Paris: Aldine: Ghicago; 
for review, see Nature, 262, 331, 1976) 
may represent a strong sign that broad 
interdisciplinary dhalyses of early man 
sites will become the rule rather than a 











made during- 


The most significant contribution that 


the book makes is the revision of the | ` 


seq@ence of events of the Final : 
Pleistocene and Early Recent periods. = 
The authors have assembled and inter- > 
preted a considerable amount of new 3 
data, filling gaps*ein the existing know- i 
ledge of the prehistory of the Nile and — 
leading them to revise pieaug con- oi 
cepts. l i 
The principal amendments concern a 
the two large aggradations of the ` 
modern Nile. The Ballana Masrfias — 
episode is regarded here as one unit of. ~ 
simultaneous dune formation and Nile — 
silt aggradation. A number of carbon- 
i4 dates place this period between. 
17,000 and 15,000 sc, two different — 
archaeological complexes having been 
recognised (the Idfuan and the 
Fakhurian). Furthermor®, the 
Member of the Kom Ombo area and 
the fate Sahaba Formation: of. Suda- 
nese Nubia belong, according to the 
authors, to the same episode of Nile 
aggradation and are termed here the 
Sahaba—Darau aggradation. The ar- 
chaeological sites attributed to this 
period, dated from 12,000 to 9,700 Be 
are the Afian, the Sebiliangand the 
isnan industries. 

The authors are to be commended 
in attempting to compile and intggpert 
such a vast amount of data. The book 
will serve as an excellent base for fur- 
ther research and as a reference for- 
comparative studies, and will mainly - 
interest the specialist in this field. D 









Gudrun Corvinus is a consulting archaeo- 
logist to the Consolidated Diamond Mines 
of South-west Africa, Oranjemund. 


rarity. It is no doubt a sign of this trend 
that reports of the hominids found at- 
East Rudolf comprise only five papers. 
out of a total of fifty in this volume. 
These papers, presented at a workshop- 
held in Nairobi in September, 1973, 
have been arfanged into three sections: - 
Geology and Geochronology; Paleont- 
ology and Paleoecology; and Palcos: 
anthropology. i 
From this volume it is apparent that” 
there are areas of both agreement. and 
disagreement among the, thirty-eight 
scientists who were invalfed in: 







Nairobi workshop. An interesting. area t E 


agreement concerns the occurrence of a 
climatic change Between 2.5 and 2.0 Myr 
BP. This change, which resulted in drier 
conditions and an expansion of grassland 
areas in the Rudolf basin, has been 
indicated by studies on pollen (Bonnefille), — 
bovids (Gentry) and micromammals . 
(Jaeger and Wesselman). Documentation 
of climatic change at this time is of 
particular interest because the first clear 
evidence of archaeological materials also 
occurs within this period. Althoughethe 
relationship, if any, between climatic 
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change and the appearance of cultural 
materials is unclear, this interesting 
association requires more investigation. 
From the standpoint of early “man 
studies, one of the major outstanding 
questions is the date of the KBS tuff. 
The date of this tuff is crucial because 
there is good evidence of the presence 
of the genus Home below this level. The 
results of radiometric studies have been 
contradictory, ranging from 1.6 to 2.6 
Myr BP for this tuff. As Cooke’s paper 
indicates, the earlier date for the KBS 
tuff may be suspect on palaeontological 
grounds. Cooke’s studies on fossil pigs 
has shown that tooth size in one taxon, 
Mesochoerus limnetes, found below the 
- KBS tuff at East Rudolf most closely 
resembles that in specimens from the 
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nearby Omo area dated to 2 Myr BP. 

This important volume cchtains a 
wealth of detailed and important informa- 
tion, and will be very useful at the 
professional level. Its information, how- 
ever, will be less accessible Jo students. 
Although each of the three major sections 
is prefaced with an iħtroduction, these 
are far too brief to really open the major 
issues and questions posed by each area of 
research, Such inferdisciplinary studies 
are most valuable when they result in a 
synthesised and comprehensive view., 
Although such synthesis is missing here 
it is a minor defect in an otherwise fine 
volume. = 


G. E. Kennedy is Assistant Professor in the 
Department of Anthropology at the University 
of California, Los Angeles, California. 
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Geology of the Olduvai Gorge: A Study 
Bf Sedimentation in a Semiarid Basin. 
By R. L®Hay. Pp. xvi + 203. (University 
of California: Berkeley, Los Angeles and 
London, 1976.) £15.75. 
——— 
RECENT interest in Earth science has 
promoted fruitful growth of such ‘inter- 
face’ studies as geochemistry, geophysics, 
and geobiology. It comes as no surprise 
to see the common ground between 
geology and archaeology also attracting 
attention. What is unusual is to find, 
within the 200 pages of a single-author 
volume, a blue-print for the application 
of various disciplines to the study of 
sediments yielding hominids and arte- 
facts. These include stratigraphy, geo- 
chronology, sedimentary petrography, 
mineralogy, isotope geochemistry and 
amino acid chemistry, to mention but a 
few. š 

On this substratum Dr Hay builds a 
sophisticated time framework for the 
past 2 Myr and reconstructs palaco- 
environmental settings for the hominids, 
their artefacts and, by inference, their 
activities in ghe changing palaeogeography 
of the Oldifyai region. 

Olduvai was the area where large scale 
-excavations by Louis and Mary Leakey 
-showed geologists, vertebrate palaeonto- 
- logists and even some archaeologists, how 
local microstratigraphy could be studied 
to set early hominids and their palaeo- 
~ lithic.took kits against a factual back- 
‘ound from which to decipher the 
ironment of burial and, with luck, the 
ibitat of life. Dr Hay, with early 
rience of the stratigraphical comple- 
_xity posed by arid intermontane basins 
-inavestern USA, was the ideal successor to 
other geologists (Hans Reck, E. J. 
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Wayland, P. J. H. Boswell, P. E. Kent 
and R.A. Pickering) who worked at 
Oldivai. It was fortunate that he appeared 
on the scene in 1962 after initial over- 
concern with alleged pluvial—interpluvial 
‘climatic stratigraphy’ had been passed 
over in favour of a return to ‘normal’ 
stratigraphical and geological methods. 
The finding of the skull of 
Australopithecus (Zinjanthropus) boisei in 
1959 was the trigger mechanism for new 
investigations. Olduvai wĦnessed the first 
application of K-Ar dating to rocks as 
young as | or 2 Myr. Dr Hay tabulates 
the 57 K~Ar ages established for Bed 
I since the initial investigation by Curtis 
and Evernden, and discusses them in 
relation to fission-track dating and 
palaeomagnetic polarity data. Beds IT to 
IV yield few reliable K-Ar dates, but 
numerous radiocarbon ages are given 
spanning the past 30,000 yr at Olduvai. 
For the archaeologist the most impor- 
tant sections of the book are those 
presenting palaeogeographic reconstruc- 
tions, both descriptive and visual (18 out 
of 27 maps in a total of 63 text figures), 
based upon detailed  stratigraphical 
columns, which are also excellently 
illustrated by pull-out sections. These 


provide the factual and the interpretative 


environmental record against which Dr 
Hay records the hominid and artefact 
content of each formation. The final 
chapters present a synthesis in the form 
of a four-page evolutionary history of the 
Olduvai basin and a discussion which in 
7 pages distily evidence for the pattern of 
hominid activities. 

Despite its high price this is a book to 
purchase as well as to read, for its seems 
certain to become a ‘classic’. It demons- 
trates how geochronology and the study 
of palacoenvironments may be used to 


obtain full value out of béth the fossil |, 


baby ang the sedimentary bathwater. 
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W. W. Bishop was Professor of Geology at 
Queen Mary College, University of London, 
UK. He died on 19 Febłuary this year at the 
age of 46, 
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THE BULLETIN OF THE 
BRITISH MUSEUM 
(NATURAL HISTORY) 


Unlike the usual research journal the Bul- 
letins of the British Museum (Natural His- 
tory) appear at irregular intervals and 
each is a comprehensive monograph ona 
specific subject. 


IMPORTANT TITLES 
FOR THIS SPRING 


THE OSTEOLQGY OF NOTELOPS 
WOODWARD, RHACOLEPIS 
AGASSIZ AND PACHYRHIZODUS 
DIXON (PISCES: TELEOSTE!) 


P. L. Forey á 

Bull. B.M.(N.H.} Geology series 

Vol.28 p. 2 e s 

Pp. 123-206, 39 figures £7.50 post free 
+ 


EVOLUTIONARY TRENDS IN SOME 
MESOZOIC TEREBRATELLACEA 
E. F. Owen 


Bull. B.M.(N.H.) Geology series 


Vol. 28 a 3 
Pp. 2077253, 3 plates, 29 figures 
£5.10 post free 


THE ACCACOELIIDAE (DIGENA) 
OF FISHES FROM THE 
NORTH-EAST ATLANTIC 

R. A. Bray and D. i. Gibson 


Bull. B.M.(N.H.) Zool series 
Vol.31 pt. 2 ü 


Pp.51-99, 15 figures £4.20 post free 


THE PLANKTONIC COPEPODS | 
OF THE NORTHEASTERN 
ATLANTIC OCEAN: SOME 
TAXONOMIC OBSERVATIONS 
ON THE ONCAEIDAE 
(CYCLOPOIDA) 


G. A. Boxshall ° 
Bull. B.M.(N.H.) Zoology series 

Vol.31 pt. 3 

Pp.101-155, 25 figures £4.75 post free 


NOTES ON DEEP/WATER 
ATLANTIC CRINOIDEA j 

A. M. Clark 

Bull. B.M.(N.H.) Zoology series 

Vol.31 pt.4 

Pp.157-186, 5 figures £2.50 post free 


A REVISION OF THE FAMILIES 
SYNNEURIDAE AND 
CANTHYLOSCELIDAE (DIPTERA) 
A. M. Hutson 

* Bull. B.M.(N.H.) Entomology series 
Vol.35 pt.3 
Pp.65-100, 26 figures £3.00 post free 


STUDIES IN THE GENUS 
HYPERICUM L. (GUTTIFERAE). 

1. INFRAGENERIC 

CLASSIFICATION 

N. K. B. Robson | 

Bull. B.M.(N.H.) Botany series 

Vol.5 pt.6 

Pp.291-360 approx. 

approx. £6.50 post free 

Obtainable from bookshops, approved 
agents, the Museum Bookshop, or by 
post direct from: Publications Sales, 
British Museum (Natural History) 
Cromwell Road, London SW7 5BD. 


Circle No. 38 on Reader Enquiry Card. 





á 


+ 


*tion in liposome vesicles, 


-> 4 > i 
Nature Vol. 266 28 A pril 1977 
f s e 


e : e 


Book Review Supplement 
+ 





Development of 
bioenergetics 





A. R. Crofts 





A New Look at Mechanisms in Bio- 
energetics. By E. Racker. Pp. xiv + 197, 
(Academic: New York, San Francisco 
and London, 1976.) $9.50; £5.80. 





PROFESSOR RACKER has ranged widely 
in kis experience of research in bio- 
energetics, and +this small book 
chronicles his activities ia the field over 
the past ten years or so. The book 
takes the form of, and is based on, a 
series of dectures to students; it is aimed 
at the undergraduate or early post- 
graduate level rather than at estab- 
lished research workers. The chapters 
are prefaced by some admirably chosen 
quotations, and the text is interspersed 
with homilies and cautionary. tales. The 
subject matter covered: includes sub- 
strate level and electron transport- 
linked phosphorylation, ATP-driven 
ion pumps, resolution and reconstitu- 
tion of the different complexes of 
enzymes which catalyse these activities, 
and details of the enzymology of these 
complexes. ° 

Racker has played a major role in 
catalysing an acceptance of the chemi- 


osmotic view of the mechanism of 


catalysing an acceptance of the chemio- 
smotic view of the mechanism of 
coupling between electron transport 
and phosphorylation. The book de- 
scribes fully the very nice work carried 
out by Kagawa, Hinkle, Kandrach, 
Ragan and many other colleagues in 
collaboration with Racker, on the re- 
constitution of oxidative phosphoryla- 
using the 
purified enzyme complexes of the mito- 
chondrial apparatus. This work had a 
strong biochemical appeal, which won 
over many of those in the field (and 
there were many) who had blanched 
at the large body of biophysical 
evidence previously available, that sup- 
ported a similar view. The demonstra- 
tions that the mitochondrial ATPase, 
cytochrome oxidase and NADH: de- 
hydrogenase could separately act as 
proton pumps when incorporated into 
liposome vesicles, and that when the 
ATPase was incorporated together with 
any of the electron transport ĉom- 
plexes, the electron transport could 
drive phosphorylatién, provided a 
powerful support for the argument for® 
a chemiosmotic mechanism. 

Most dramatic of all, however, was 
the demonstration, in work with 
Stoeckenius, that the purple membrane 
protein of Halobacter could be 
similarly reconstituted as a light-driven 


proton gump, and that inclusion ef the 
ATPase in the vesicles led to a prepa- 
ration capable of photophosphoryla- 
tion. In this case, a clear distinction 
was evident between the requirement 
for a device for pumping protons, and 
an electron transport system. The 
former was necessary, but not the 
latter, so that the obligatory coupling 
between electron transport and phos- 
phorylation predicted by chemical and 
conformationat hypotheses for the 
mechanism of coupling could be ex- 
cluded. It is perhaps a minor criticism 
of this book that the controversy over 


the mechanism of coupling is framed 


in such a way as to highlight these bio- 
chemical contributions. This is only 
human; the book cannot be recom- 
mended as a completely balanced view 
of the’development of the subject, but, 
rather, as a personal view. 

The other criticism I have to make 
relates to the “lessons” which crop up 
here and there, especially at the begin- 
ning of the book. These are asides, in- 
clifded perhaps to entertain the reader, 
and for the most part they are sensible 
and amusing. Some of them, however, 
strike me as ham-fisted. For example, 
Racker is being both cynical and unjust 


when he ¢ teaches* with reference | to: 
Mitchell’s preliminary paper. 
chemiosmotic coupling: “If you pro- 
posë a brilliant, new hypothesis and — 


avoid being specific, you probably will 


be ignored. If you want attention be 


sure to include a few features that are 
not essential for-the main theme, but ~ 
open to attack”. Several other. of the 


lessons also read like tips to a: 
con-man rather than distillations 
wit and wisdom. The quotation pi 


reflects more Racker’s own Jate con- 


version to Mitchell’s point of view than 
the considerable impact of this early 







on. 


paper; Racker (to his credit) draws - 


attention to this tardiness of his in the 
preface. 

These criticisms are, however, trivial, 
and I would not wish to discourage 


anyone from reading this book. It pro- 
vides a lively and fresh insight into the « 


subject, avoids obscurity and. mystifica- 
tion,*and provides a more than usually ` 
straightforward account of the develop- 
ment of an area of research, mistakes 
and all, in one of the most influential 
laboratories in the field. Cc 





A. R. Crofts is Reader in the Depate 
ment of Biochemistry at the [/niversity 
of Bristol, UK. 
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solution 


J. M. Creeth 


Biological Macromolecules and Poly- 
electrolytes in Solution. By Henryk 
Eisenberg. Pp. xviii+ 269. (Clarendon: 
Oxford; Oxford University: London, 
1976.) £16. 





Few developments in physical bio- 
chemistry over the past two decades 
have had greater impact than that ini- 
tiated by Casassa and Eisenberg in the 
years 1960-64. In a notable series of 
papers, a theory was described which 


dramatically simplified the measure- 


ment of molecular weight in ternary 
systems. This was most timely: it coin- 
cided with a surge of intergst in 
charged polymers and wfth the recog- 
nition of the subunit structure of many 
proteins, where measurements were 
often necessarily made in high con- 
centrations of urea, etc. Such 
systems were now shown to be amen- 
able to analysis by pseudo-ideal equa- 
tions, with the twin provisos that the 
solutions were at dialysis equilibrium 
and, most characteristically, tHat the 
multiplying coefficients (for example, 

a specific density increment) were de- 
fined at constant chemical potentials 
of the permeating components. In this 


e 
e 


way, all the effects of interaction (no 
matter how great) disappeared wiffftiic 
introduction of the appropriate coeffi- 
cient. 

The theory was very soon accepted, 


4 


but, by the majority, perhaps, more on . 
trust than by conviction, for the mathe- 


matics were undeniably tedious. The . 


appearance of a volume by Professor . 


Eisenberg devoted to a comprehensive 


account of macromolecules in solution. 


is therefore an important occasion. 


The author has taken full advantage of © 


the opportunities presented to him: a” 


useful summary of the chief structural 


features of proteins and nucleic acids 


is followed directly by chapters on the 


fundamental thermodynamics of ter- 


nary solutions. Here the Casassa—Eisen- 


berg concept is developed from first- 
this section contains a clear. 
< exposition. of the i 


principles: 


ferential interaction parameter,’ W 
should be read carefullyeby. a 
tempted to refer loosely to fool 
or ‘salt-binding’. The notation has 







considerably simplified, and accordingly | i 
the essential concepts can now be- 


grasped much more readily. 


In the chapters devoted to partia 
volumes, density and refraction incre : 
ments, the significance of the restrict- i 


tion of constant chemical potential is- 
fully explained: a simple sketch Ur 





home forcibly the meaning of each 
step. Here also we find the essential ~ 


conclusions concerning the magnitude | 


of the interaction coefficients: the prac- 
tical demonstration that these do not 





~ vanish in the limit Sf Zero goncentra- 
tion is, of course, the justification of 
the method. Most readers, I think, 
would now agree that the conventi8nal 
‘buoyancy factor’ in the equations of 
sedimentation should be replaced by 
the density increment, although some 
would, perhaps, regret the loss of the 
conceptual aid provided by v, with its 
reminder that the experiment deter- 
mines the molar volume. 

The remainder of the book is devoted 
to the four chief experimental proce- 
dutes—light scattering, sedimentation 
equilibrium, sedimentation velocity/ 
diffusion, and viscosity—each being 
treated in terms of the new definitions 
«when appropriate. In addition to con- 
ventional methods, the newer technique 
of intensity—fluctuation spectroscopy is 


described, and the chapter on sedimen= 


> tation equiliffrium includes a section 
on density gradients which is notable 
for its vindication of the original teory 
_of Vinograd and colleagues for the dis- 
tribution of charged macrospecies. 
Those wishing to find their way through 
the tortuous paths of associating sys- 
tems will find the rather sweeping ae- 
wmptions made in this field clearly 
set out agd assessed, and a useful sum- 
mary is given of the procedures devised 
by Yphantis and Roark for the eli- 
miaagion of the effects of non-ideality. 

The equations of transport are dis- 
tinctly more complex than those re- 
lating to equilibrium, but this section 
will interest many for its revision of 
the theory of Alexandrowicz and 
Daniel, and the subsequent proof that 
the limiting sedimentation coefficient 
of a charged polymer may also be des- 
cribed in terms of the macromolecular 
component alone, when this is formu- 
lated in terms of the theory. 

The volume is completed by a series 
of appendices devoted to thermodyna- 
mic concepts (including irreversible 
process theory) and the references, 
which are convenientlye divided into 
categories of broad interest and of 
specific detail. The general standard of 

presentation is excellent, the few prin- 
< ters errors noticed being essentially 
 trivial—no mean feat in view of the 
< complexity of notation, 

© The book will undoubtedly please 
? _the theoretician, for the logic and ele- 
“gance of the mathematics; however, I 
i. think that most of alb it will be.a de- 
~ Aight to the concerned experimefftalist, 
who will find the essential practical 
‘cedures ahd netessary precautions 
summarised concisely, in readily acces- 
è form, together with the underlying 
ory. No laboratory working with 
sromolecules in solution should be 
hout its copy. Cl 


— 






















M. ; Creeth is Research Fellow in the 
artment of Biochemistry, University of 
Pi stol Medical School, Bristol, UK. 
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Darwinism at a 
cellular level 





Leslie Brent 





Immunology, Aging and Cancer: 
Medical Aspects of Mutation and Se- 
lection. By F. M. Burnet. Pp. 162. 
(Freeman: San Francisco, 1976.) Hard- 
cover $9.95; softcover $6.50. 


INA IE SANTEE PEER ELTON OER STREET 


THis slender volume is based on lec- 
tures given by Sir Macfarlane Burnet 
in 1975 to students at the University 


vof California, Irvine, and at South- 


ampten University Medical School. It 
is am audacious and successful attempt 
to scan the wider horizons of immuno- 
biology and genetics by examining and 
linking such fundamental issues as 
immunological homeostasis, the abiljty 
of cells to repair errors created in their 
DNA during the mutagenic process, 
the problem of aging, the pathogenesis 
of certain genetic and autoimmune 
diseases, and cancer. 

According to Burnet, the common 
thread of the book is Darwinism at a 
cellular level. Although other theories 
have been put forward, it 1s somatic 
mutation that is most likely to account 
for the great diversity of antibodies and 
the cells that produce or carry them, 
and it is somatic mutation—-coupled 
with a diminishing effectiveness of 
DNA polymerases and other enzymes 
in agimg organisms to repair DNA 
errors—that leads to the manifesta- 
tions of old age. Likewise, it is the 
accumulation of DNA errors in lym- 
phoid cells that results in autoimmune 
disease, whereas the same phenomenon 
in somatic cells in general leads to the 
formation of malignant clones that, 
clinically, we call cancer. 

Burnet 1s as adventurous and vigorous 
as ever in his discussion of these prob- 
lems. Although it is true that many of 
his ideas have been developed at greater 
length in his earlier writings, this does 
not in the least detract from the value 
of thi8 book, on the contrary, it is im- 
mensely readable precisely because of 
the economy of argument. The combi- 
nation of brevity and global approach 


nevertheless imposes its own limitations, 


examples and data are selected fas- 
tidiously and, despite occasional warn- 
ings that the auth®r’s motions may 
eventually be shown to be wrong, the 
reader, is sometimes “left in the datk 
about points that might have been re- 
garded as detrimental to them. For 
example, the superfiaaally attractive idea 
that mast cells are fully differentiated 


T lymphocytes, bearing roughly the 
same relationship to each other as 
plasma cells do to B Jymphocytes, is 
itself based on a questionable premise 
-~that the immunoglobulin receptors of 
T cells are secondarily acquired from. 


B cells shedding superfluous monomeric , 


IgM. The existence of immunoglobulig- 
like T-cell receptors, let alone their 
origin, is still disputed. If it is true that 
T cells do not possess home-made re- 
ceptors and that B-cell receptors are 
created by somatic mutation, it is 
reasonable to ask how,it is that T cells 
have eluded this basic genetic mechan- 
ism and why it is that these cytophilic 
receptors are sq difficult to demonstrate 
on T cells. 


In the chapters orf mutation and 
aging, Burnet explains that both bac- 
teria and mammalian fibroblasts can 
make good errors in their DNA caused 
by in vitro exposure to ionising radia- 
tion. He proposes that the differences 
in the average lifespans of mammalian 
species can be largely, if not wholly, 
explained by differences in the efficiency 
of the DNA repair mechanism. Apart 
from the fact that this hypothesis dis- 
regards other possible factors, such as 
the more severe metabolic require- 
ments imposed on small mammals by 
their high surface/volume ratio, even 
experts in this field ar not yet c@rtain 
of the extent to which DNA repair 
influences lifespan. In the words of 
R. E. Hart Gn Aging Carcinogenesis, 
and Radiation Biology, ed. K. C. Smith, 
Plenum: New York, 1976.): “Indeed, 
at this time it would be premature to 
infer that DNA repair in and of 
itself is a primary determinant of life- 
span, much less to state that a single 
repair process is of more signi§cance 
than any other”. Be that as it may, 
Burnet does not envisage that immu- | 
nological processes play a primary part” 
in aging but, rather, that they are 
brought into play as a result of accu- 
mulated errors in aging somatic cells, 
thus producing autoimmune diseases; 
and that aging of the lymphoid cells 
themselves leads to decreased efficiency 
in immune surveillance, thus permitting 
the development of malignant clones. 
Little credence is given to the sugges- 
tion that viruses may be playing a 
critical role in some so-called auto- 
immune diseases, and in re-stating the 
hypothesis of immune surveillance 
there is no mention of the experimental 
evidence that has, in recent years, 
somewhat weakened this highly attrac- 


e tive idea—certainly so far as T-cell sur- 


veillance is concerned. leam thinking 
here mainly of the observations that 
neither “nude” (T-cell deficient) mice, 
nor mice treated from birth with anti- 
lymphocyte serum, show a markedly 
increased incidence of various kinds 
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Chemical Carcinogens 
. edited by Charles E. Searle, University of Birmingham 
ACS Monograph Series No. 173 


Contains comprehensive accounts of the latest theories of 
cancer chemistry and biology and of the major hazards iden- 
tified so far. A valuable resource for scientists engaged in 
cancer research and occupational health studies, this mono- 
graph covers material on carcinogen testing methods, co- 
carcinogenesis and endocrine aspects of cancer, and various 
classes of carcinogens in polluted air and tobacco smoke, in 
' plants and foods, in many chemicals used in industry and 
laboratories, and in soots, tars, and oils. (Over 3500 literature 
citations.) 


"o an gomirable and much needed attempt to present the 
available facts and some of the theories ...¢ invaluable to 
research workers and administrators concerngd with cancer 
problems.... The preface ... È an excellent review of the 
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work...” 
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energy applications. of 
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of tumours. That. Facco 
kidney allograft récipients have a 
greatly increased*jncidence of lymphoid 
tumours provides far from convincing 
evidence for the hypothesis, as the 
immunosuppressive drugs used could 
themselves be carcinogenic for lym- 
phocytes or, alternatively, chronic 
“stimulation by alloantigens might act 
as a trigger for malignancy in lymphoid 
tissues. , 
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2 
We must be grateful to Sir Mac- 
farlane dor giving us a highly readable 
and stimulating book, although the 
general reader should be warned that 
some background knowledge of int 
munology or genetics is desirable if he 
is to get the most out of it. CJ 
` Ld 





Leslie Brent is Professor of Immunology 
at the Wright-Fleming Institute, St Mary’s 
Hospital Medical School, London, UK. 
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RNA Polymerase. Edited by R. Losick 
and M. Chamberlin. Pp. ix+899. (Cold 
Spring Harbor Laboratory: Cold Spring 
Harbor, New York, 1976.) $38. 








GENE EXPRESSION and its control has, 
for the past 30 years, been one of the 
more fruitful areas of research for 
molecular biologists. The intriguing re- 
sults of the bacterial geneticists en- 
ticed many biochemists and physicists 
to seek molecular explanations for 
such widely diverse phenomena as the 
inducible metabolism of sugars, the 
initiation of DNA synthesis and the 
temporal expression of bacteriophage 
genes. In most cases, they ended up 
studying transcription. This book sum- 
marises their progress and illustrates 
the multifarious and subtle ways that 
have evolved to control gene expression 
at the level of RNA polymerase acti- 
vity. Now they are studying the 
primary sequence of lac operator DNA, 
the RNA primers for DNA replication 
and the phage-induced RNA poly- 
merases. 

Losick and Chamberlain are to be 
congratulated for having designed an 
excellent book which will be useful to 
those who desire a comprehensive in- 
troduction to the subject, as well as 
to those who are actively carrying out 
research in the field. It is also an eR- 
cellent text for graduate students. The 
first half of the book contains an his- 
torical introduction by Weiss, an 
overview of the transcription process 
by Chamberlin, and eleven review 
articles that outline the active areas 
of research. The second half consists 
of 32 previously unpublished research 
articles. As with all Cold Spring Harbor 
monographs, this one contains an ex- 
tensive and useful list of references. e 

In his mtroduction, Weiss des- 
cribes how the discoveries of different 
but specific tRNAs and of nucleoside 
triphosphates as substrates for DNA 
synthesis led him to assay for an RNA 
polymerase activity in a crude rat liver 


+ 


homogenate. And in the next article, 
Chamberlin summarises the work done 
in the intervening 17 years. His over- 
view of both the molecular and cata- 
lytic properties of RNA polymerase 
is comprehensive, integrating properties 
of the Escherichia coli enzyme with 
those from other prokaryotic and 
eukaryotic cells. This is followed by a 
highly practical article by Burgegs on 
the purification and physical properties 
of the enzyme. Zillig, Palm and Heil 
discuss the functions and re-assembly 
of the subunits, and Krakow, Rhodes 
and Jovin describe the use of inhibitors 
to study catalytic mechanisms. The in- 
triguing problems of how RNA poly- 
merase recognises a promoter, initiates 
transcription and terminates RNA syn- 
thesis at specific sites, are discussed 
in articles by*Chamberlin, Gilbert and 
Roberts. Scaife delineates the progress 
in the location of the genes for RNA 
polymerase and the control of their 
expression. Transcription patterns 1n 
bacteriophage infections are controlled, 
in some cases, by regulatory subunits 
or bacteriophage-induced RNA poly- 
merases, as outlined by Losick and 
Bautz. Roeder discusses the properties 
of nuclear RNA polymerases apd some 
of the problems encountered in study- 
ing eukaryotic transcription. Finally, 
Kornberg defines the role of RNA 
primers in DNA replication. 


features, sych as twofold axes of 






The resparcla articles in the. second 
half of thé book are specific extension: 2 










of each of the areas described in tl 
firs half. There are three articles 
promoter sequences, With nine prom 
ters having been sequenced, comm 


metry, are emerging. RNA. pol; 
will not, however, rebind to pr 
fragments isolated by prote 
DNase, so that additional elem 
main to be discovered. The in i 
rifampicin, has been extremely. us 
in studying RNA chain initiation, id 
there are three articles. which indicate. 
that the mode of action of the drug is- 
surprisingly complex. Rifampicin-resis- 
tant mutants made possible the. 
mapping of the @ subunit. In four 
articles, the locations of the other sub- 
units are described and shown. to be 
linked with the genes of some of the 
proteins of the translation apparatus. 

There are four papers on the regulatory. 
subunits which become associated with 
RNA polymerase after bacteriophage. 
infection. With the discovery that the 
rho gene maps at the suA locus, the 
termination step in RNA synthesis is 
a very active area of study and is $ 

presented by six papers. 

Finally, there are some “excellent 
articles on eukaryotic RNA polymera- 
ses from yeast, Drosophila and mam- 
malian cells. Although the activity. of 
RNA polymerase is modulated to con-. 
trol gene expression in prokaryotes, 
similar mechanisms have not yet been 
observed in eukaryotic cells. An ele- 
phant may still be a big E. coli but it 
is, ironically, less obvious when viewed 
at the level of transcription. 

This is an excellent book on an im- 
portant and fascinating subject. z 





Walter F. Mangel is an Assistant Professor 
of Biochemistry at the University of 
Illinois, Urbana, Illinois. rere: 
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Molecular Evolution. Edited by Francisco 
J. Ayala. Pp. x-}- 277. (Sinauer Associates: 


Sunderland, Massachusetts; Freeman: 
Reading, 1976.) Paperback £6.90. 





THis book is a compilation of thirteen 
papers that were presented at a sympo- 
sium held at the University of California, 
Davis, in June, 1975, Most of the articles 
are more closely related to population 
genetics than to molecular evolution. 
There is an introductory chapter by 
Francisco J. Ayala followed by chapters 
on. genetic variation in natural populations 
(Robert K. Selander); genetic polymor- 
phism: and enzym® function (George B. 
Johnson); allozyme variation: its deter- 


minants in space and time (Michael 
Soulé); genetic strategies of adaptation 
(James W. Valentine); organismic and- 
molecular aspects of species formation 
(Theodosius Dobzhansky); genetic diffe 
entiation during speciation (Joh 
Avise); biochemical consequences 
speciation in plants (Leslie D. G 
protein sequences in phylogeny- 
Goodman); molecular «evo 
clocks (Walter M. Fitch); evoluti 
genome size (Ralph Hinegardner): ev 
tion of repetitive and non-repetitive DNA 
(Glenn A. Galau, M. E. Chamberlin, 
B. R. Hough, R. J. Britten and E. H- 
Davidson); and gene regulation in evol 
tion (Allan C. Wilson). ? 

The discussions of molecular matters 
occur principally in the final five chapters. 
Goodman’s observations lead to bis 
concluding that the evolution of globin. 
sequences in vertebrates proceeds at 
different rates during different evolufion- 
ary periods. He attributes the “fast 


















= fade away. 
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evolution to positivenatéral selection for 
improvements in the function of hemo- 
globin and the slow evolution to stabili- 
sing natural selection after the impfove- 
ments were fixed’, following which 
“natural selection would ther be able to 
shape the finer adaptatiens of the 


protein”. It is possible to propose, 
however, various interpretations to 
accpunt for such observations, and 


Goodman acknowledges this point. 

Fitch, in discussing molecular evolu- 
tionary clocks, says that “we have several 
sloppy clocks”, which may be an example 
of sloppy diction. He states that “the 
tRNAs are mostly paralogous”, which 
was news to me, because there are many 
. examples of homologous tRNAs for the 
same amino acid occurring in related 
species of organisms. Obviously, many 
thousands of such tRNAs have not yet 
been sequenced. Fitch tells us it came as 
something of a shock to him that A 
haemoglobin has never been sequénced, 
which leads me to comment that those 
who accept the sequences in the Atlas of 
Protein Sequence and Structure, instead of 
referring to the original literature from 
which the sequences are derived (sonje- 
imes by presuming the sequences of 
unordered peptides), should expect such 
shocks. Pitch gives a good discussion of 
the rates of ‘silent’ nucleotide substitu- 
tions. He challenges comparisons of 
snare, bird and turtle cytochromes ¢ by 
suggesting that “either one or more of its 
sequences is incorrect”, which is an easy 
out of the argument. 

The review by Galau and co-workers is 
a valuable compilation of recent results 
on the rate of re-association of various 
types of DNA. Wilson presents an 
excellent summary of the differences in 
rates of evolution between frogs and 
placental mammals in support of his 
thesis that contrasts the rates of organis- 
mal change and structural gene evolution. 
The apparent similarities of different 
species of frogs to each other conceals the 
fact that they may be widely separated in 
terms of ancestral history, and also in 
terms of amino acid differences between 
their homologous proteins. Hinegardner 
discusses the wide variations in haploid 
DNA contents per cell in various groups 
of organisms. The DNA content per cell 
has increased during the history of tife 
on Earth, but mammals do not lead the 
parade, 

I wish that the term “nonsense” for 
polypeptide chain-terminating qodons, 
and the non-word “missense” for muta- 
tions that produce, single amino acid 
changes (as ‘used and defined by Ayala) 
could be relegated to the graveyard of 
discarded and superseded neologisms. 
But new words never seem to die, or even 





Thomas H. Jukes is Professor of Medica 
Physics in Residence at the University of 
California, Berkeley, California, 
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Somatic 
cell hybrids 


R. T. Johnson - 


Cell Hybrids. By N. R. Ringertz and R. E. 
Savage. Pp. 366. (Academic: New York 
and London, 1976), $29.50; £20.95. 











THERE are relatively few events in the 
recent history of biology which have 
so fired and re-directed the imagination 
as somatic cell fusion. Suddenly, in the 
mid-1960s, the unexpected and un- 
natural seemed commonplace in cell 
biology. Somatic cells of diverse origin 
and nature could be brought together 
withjn a single cell, their interactions 
studied eand their hybrid progeny cul- 
tured for subsequent analysis. The re- 
volution that Sendai  virus-promoted 
fusion brought to the embryonic sub- 
ject of cell hybridisation not only per- 
mitted the achievement of a gre&ter 
number of fusion events by a greater 
number of people but also generated 
the enthusiasm to develop hybrids be- 
tween seemingly impossible combina- 
tions of cells. The seatch for agents 
that promote fusion between unlikely 
partners remains an area of continuing 
interest, with the recent demonstration 
of polyethylene glycol-induced fusion 
of human and plant cells. 

The unusual attraction and usefulness 
of cell hybrids to biologists soon became 
evident from the growing number of 
publications covering a very wide area 
of contemporary biology. Cell fusion 
rapidly became one of the most attractive 
ways of detecting differences between 
cells. By combining two cells it is possible 
to monitor some of their differences 
by following interplay with respect 
to such general genetic activities as the 
initiation of RNA and DNA synthesis, 
and more specifically, to the extinction, 
re-expression and activation of single 
genes. Although fraught with difficulties, 
the analysis of the differentiated state 
by means of cell hybrids has now pro- 
gressed to a stage where general rules 
for the expression of facultative functions 
can be expected before long. Similarly, 
the usefulness of somatic cell hybrids 
in gene complementation and mapping 
is in no doubt, and advances here and in 
the study of differentiated expression 
in hybrid cells are fortunate to have 
coincided with a revolution in methods 
for chromosome identification. Cell fus- 
ion has also provided af opportunity 
to study the nucleocytoplasmic inter- 
actions in mammalian cells in ways whtch 
are similar to the investigations sô elegant- 
ly carried out using the technique of 
nuclear transplantation in large cells 
like Protozoa or amphibian oocytes. 


+ 


In this well illustrated volume the 
authors have gathered together, for the 
first time, the accumulated work up to 
the end of 1975 on somatic cell fusion 
and cell hybrids. This is a large, com- 
plex, controversial and expanding field 
and we are therefore indebted to Drs 
Ringertz and Savage for this timgly’ 
compilation and review of the subject, 
reduced to manageable proportions and 
written with clarity. 

The aim of Cell Hybrids is to provide 
an up-to-date account of the contribu- 
tions made by cell fusion and cell hybrid 
studies to major areas of somatic cell 
investigation including cell cycle control, 
the expression of differentiated functions 
and malignancy, and the mapping of 
constitutive genes. It gs also intended 
that the volume should serve as an in- 
troduction to students and to workers 
in other areas. A useful background is 
therefore included in each chapter pro- 
viding sufficient information for critical 
appraisal of results obtained. 

Because of their limited lifespan animal 
cell heterokaryons are less frequently 
investigated than their hybrid progeny. 
As the authors stress, however, hetero- 
karyons permit analysis of regulatory 
phenomena in the presence of complete 
genomes and should be included when- 
ever possible in any full description of 
gene expression in hybrid cells which 
usually contain a reduced and occasional- 
ly modified complement of chromosomes. 
Possibly the most famous heterokaryons 
contain chick erythrocyte nuclei which? 
as Henry Harris showed 12 years ago, 
are reactivated from the quiescent ¢tate. 
Much of the elegant work on erythrocyte 
activation has emerged from the Karo- 
linska Institute and this is well represen- 
ted in Cell Hybrids. 

The very great problems thate attend 
the unravelling of genetic interplay in 
somatic cell hybrids may to some ex-, 
tent be reduced by the use of recon- 
structed cells, and a full description of 
this new area of cell manipulation is 
included. For example, the production 
of hybrids by the fusion of whole cells 
with microcells containing very small 
quantities of DNA not only predeter- 
mines the segregation pattern but may 
speed up and ultimately simplify the 
analysis of gene localisation and re- 
gulation., 

The advent of cell hybridisation has 
permitted many new experimental ap- 
proaches to major and seemingly in- 
tractable biological problems. A number 
of the problems have now been reduced 
in stature and others re-defined because 
of cell hybrids. We should be grateful 
to the authors for this comprehensive 
and readable work on the subject. 


R. T. Johnson is a Research Fellow of the 
Cancer Research Campaign, working in the 
Department of Zoology at the University of 
Cambridge, UK. 
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Int rpretation of the Southern Calif 








ornia uplift ` 


in terms òf the dilatancy hypothesis “4 


Max Wyss i 


Cooperative Institute for Research in Environmental Sciences, University of Colorado/NOAA, Boulder, Colorado 80309 
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The 25-cm uplift in Southern California is interpreted as 
being due to dilatancy of the crust, which started in 1961 
along the San Andreas fault and spread laterally during 
1964-69. The San Fernando earthquake of 1971 occurred 
in part of the dilatant volume, and is interpreted as a side- 
show of a future repetition of the 1857 San Andreas break, 
which had a magnitude > 8. 


eee 


AN area of at least 12,000 km? was uplifted aseismically in the 
early 1960s in Southern Californiat. The uplift was centefed 
on the San Andreas Fault, where it reached a maximum of 
over 25 cm near.Palmdale, 60 kn north of Los Angeles. The 
portion of the San Andreas Fault that lies within the I5-cm 
uplift contour comprises the southern half of the last major 
earthquake in Southern California, the 1857 rupture, which had a 
'ength of about 350 km (ref. 2), The segment of the San Andreas 
Fault that broke in 1857 exhibited conspicuously low seismicity 
during the last 40 yr (ref. 3). This section is considered to be a 
mature seismic gap, which is expected to ‘be closed by a large 
quake sometime in the future. 

Castle et al. offered two hypotheses to explain the portion 
of the aseismic uplift in the San Fernando area: (1) a north- 
south tontractional strain effect coupled with creep on a deep 
part of the San Fernando Fault, or (2) a dilatancy effect. 
¢Lhatcher‘, elaborating on the first hypothesis, proposed that the 
north-dipping San Fernando Fault reaches a depth of about 
50 km, cutting below the San Andreas and extending north of 
it, and he suggested that aseismic creep started at the deepest 
part of this thrust fault and propagated upwards, causing the 
uplift and culminating in the 1971 San Fernando earthquake. 

We formulate here a dilatancy hypothesis to explain the 
observed uplift and to show that this®alternative has some 
advantages that may make it more piausibis than the creep 
hypothesis. 


Uplift data 


Figure 1 shows the location of the two levelling lines discussed 
by Castle et alt: Los Angeles-Saugus—Palmdale, and Los 
Angeles-Saugus-Sandberg. Figure 2 shows the uplift as a 
function of time at the points A-F (Fig. 1), which straddle the 
1971 San Fernando thrust fault (Fig. 1). The similarity of the 


uplift history before the San Fernando earthquake (Fig. 2) and , 


the famous uplift before the Niigata earghquake® is striking. 


A 35-40-yr period of stability is followed by sudden uplift,, 


which again is “followed by a few years of 4uiescence. It is 
important to note that points A, B and C are located north of 
the San Fernando Fault on the upthrust block, and points D, 
E and F south of it on the downthrust block, All of these * 
points were uplifted before the San Fernando earthquake. 


è ~ 


This feature és required by the dilatancy hypotfesis, and it is 
opposite to what is expected by the creep hypothesis, as will be 
discussed below. oho : 

In Fig. 2 it is also evident that the uplift started earlier in the -a 
north (points A, B), and was larger there, than in the south 
(points E, F). This sequence is examined in more detail in Fig. 3, 
which shows the uplift along the Palmdale~Saugus~Los Angeles. . 
traverse. The picture is that of an uplift disturbance initiated _ 
in the north (at the San Andreas) and spreading south with the _ 
San Fernando earthquake as a preliminary culmination. A - 
tiltmeter located anywhere along this traverse would have 
recorded a south tilt at first (1961-64), and then a north tilt. 
(1964-65), as was noted by Thatcher? for the traverse Sangpere— 
Saugus. 

The Sandberg-Saugus~Los Angeles traverse is shown in Fig. 
4, For this traverse no data were available for the period 1961—.. 
64. During 1964—65, the uplift was concentrated in the middle to 
northern part of the traverse as it was for the other levelling 
line in the same period of time (Fig. 3). Next, the southern and 
northern portions were uplifted between 1965 and 1968. The — 
middle portion stayed at the same elevation during this interval, 
but it caught up the next year, 1968-69 (Fig. 4c). The entire 


Fig. 1 Map showing the location of levelling lines with respect 

to the San Andreas (a) and San Fernando (b) faults. *, 1971- 

epicentre, Uplift is measured with respect to the coastal point 
of the traverse (tidal 8) as constant’, 
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è Fig. 2 Uplift as a function of time for hres points each on the 
© upthrust (A, B, C) and downthrust (D, E, F) blocks of the San 
Fernano quake. The data from 1961-71 are from a 
et al. Before that, two measurements in 1926 (>) and 1955 (O) 
were the same, within a couple of cm, as those in 1961 (R. O. 
k Castle, personal communication). 


southern part of the traverse may also have been uplifted a 
further substantial amount in 1968-69; however, there are no 
data along this portion of the surveying line. The possibility 
of this additional surge in 1968-69 is indicated in Fig. 2 for 
point A as alternative. Figure 4d shows the elevations along 
the traverse after the 1971 San Fernando earthquake. 


Interpretation . 


From. Figs 2-4 it is evident that uplift before the San Fernando 
earthquake occurred both north and south of its surface 
rupture, suggesting that dilatancy preceded this earthquake. 
Dilatancy is the volume increase exhibited by sands and rocks 
under large deviatoric stresses*-?, is measured as the deviation 
_ of the volume change, A V/V; from the linear elastic behaviour, 
© and is due to increased pore and crack volume. In the labora- 
tory, dilatancy precedes rock failure. It was proposed that 
. dilatancy in the crust is the cause of observed changes of crustal 
- properties before some shallow earthquakes*—}’, 
E OH we assume that the entire uplift was due to dilatancy, we 
> may calculate the volume change from" 
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a s AVI Væhir 3 

».. ws + 
Where A is the uplift and r is:half the depth to which dilatancy 
= extended. I will assume that onlyghe ‘brittle’ part of the crust 
& “(the top 15 km which contain earthquakes) can become 
 dilatant. Under this assumption, a 15-cm uplift between 1961 
| 964 n near the San. Andreas implies that AV/V = 2x 1075, 
ch is schematically indicated in Figs 3a and 4a by dark 
ding. The spreading of increased uplift away from the San 
ireas towards San Fernando is interpreted as beirfg due to an 
eased amount of dilatancy, spreading through the crust, 
y from the San Andreas, {see crustal cross sections as a 
ion of time in Figs 3 and 4). Finally, the San Fernando 
quake locally released the deviatoric stress, and dilatancy 
eared below the southern portion of the profile. The 
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yo paste within: 30 km: of: the San Andreas remained: dilatant, 


in this inferpretation, and the repetition of the 1857 earthquake 
will reduce this portion of the crust back to ‘normal. This 
model also accounts for the tilt reversal, which was presented 
as one of the main supporting facts for the creep hypothesis‘, 
and ig in agreement with laboratory observations, where 
localised bulges due to dilatancy are observed to migrate tọ 
“different parts of the rock sample, and, in the final phases begin, 
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Fig. 3 Uplift along the Palace ane! -Los Angeles traverse 
from Castle et a/. The 1961 level was taken as reference with 
respect to which the 1964 (a), 1965 (b), 1968 (©) and 1971 (d) 
levels are shown. The state of the crust below the traverse is 
shown in each time frame, The number in the crust indicates 
the volume increase in units of 10 if itis assumed that thickness 
of the dilated crust is that indicated by the stippled area. In the 
1971 curve the hump north of the hypocentre is due to the corner 
in this profile which re-approaches the epicentre at this point. 
a, Uplift between 196f and 1964, decreasing gradually from 
20 em in the north (at the San Andreas) to zero in the south 
(San Fernando), b, Uplift in 1965 (—) with respect to the 1961 
level. The 1964 uplift is retained (-—-~—) for comparison. No 
further uplift occfrred between 1964 and 1965 in the north, 
but a substantial amount was added in the south, hear the future 
San Fernando*upture. c, Uplift in 1968, again being concentrated 
even further south than the 1964-65 episode. Finally, after the 
“1971 San Fernando earthquake (d), the previously uplifted 
area south of the rupture was now below the initial level, north 
of the rupture large co-seismic uplift occurred, and along the 
San Andreas the uplift was essentially unchanged. 
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Fig, 4 Uplift along the Sandberg-Saugus—Los Angeles traverse 
from Castle ef ai. The reference level is that of 1964, Levels are 
shown for: a, 19654 b, 1968; c, 1969; d, 1971. Uplift episodes 
are again approximately interpreted by an increasingly dilated 
crust. The amount of volume increase is again given in units of 
10 with the assumption that in. the time interval 1961-64, 
for which no data were available, an uplift of 10cm occurred 
near the San Andreas, decreasing to zero at San Fernando. 
The basis for this assumption was the uplift-between 1961-64 on 
athe other profile (Fig. 3), pedis ‘by two so as to be on the 
safe side. 


Why should dilatancy begin at the San Andreas, and why 
should it persist there at a time when rupture occurred in a 
less dilated volume? Geodetic measurements in California 
‘suggest that strain accumulation may be ¢oncentrated along the 
‘San Andreas Fault!?**, I will therefore assume that stresses 
are concentrated along the fault and hypothesise that the 
deviatoric stress C’, at which dilatancy appears’, was first 
reached near the San Andreas. As further deviatoric stress was 
accumulating, C’ was exceeded in a widening crustal volume. 
Also, as Thatcher? showed, the stress normal to the local 
trend of the San Andreas was increasing, thus locking the 
fault. The shear stress along thrust fawlts in the area increased, 
and so it follows that local thrust faults like the San Fernando 
Fault may fail first. =. 

I also note that Thatcher* has shown that the surface stress 
was everywhere compressive perpendicular to the uplift con- 
tours. This obstrvation is in agreement witl® the laboratory” 
measurements on dilating samples. Nearly always tHe stresses 
on the outside of the buckling samples are compressive, that is, 
the samples continue to become shortened throughout the ¢ 
experiments up to failure, even though dilatancy occurs. 
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Another interesting poini is that there were two. surges of | 
uplift, one in*1961-65 and the other in 1968-69. The la ter may 





have occurred only in the middle part of the profile, including 






the epicentre regjon of the San Fernando earthqua 
second phase of uplift could have been due either to. 
fluid pressure increase expected as a corollary of. 





dilatancy hypothesis'®, or to pre¢ursory creep, as required by . 


the dry dilatancy models. l 
Finally, the speed with which the uplift occurred mig 
. taken to support the creep hypothesis. Laboratory 





"jointed rocks suggest, however, that in crustal conditions, 3 
dilatancy uplift of a few centimetres could occur within a few 
months. Several years before earthquakes in Peru, Japan. apd 


California, approximately 6cm of aseismic uplift occurred 
which accumulated within less than half a e yee, | 


Conclusions 
The Southern California uplift can be explained by a dilatancy 


ht be. | 






* 


model, as well as by a creep model. In fact, aseismic uplift, 


the only direct evidence for dilatancy, can always be explained 


alternatively by a creep model, unless gravity observations are. 


available together with uplift data. 


Thatcher’s’, creep model gives major importance to the 
transverse range. Its advantage i is that it explains the observed 


asymmetry of the Southern California uplift (steeper to the, 


south). Its disadvantages are that it does not explain the 
uplift south of the San Fernando rupture. The continuation 


of Thatcher’s Fig. 4b to the south would have to show curves _ 
1 and 2 below zero level, when the data show that this area was 
subject to uplift, not subsidence. Also, it does not explais — 


why the uplift is centred on the San Andreas Fault, ayd it does - 


not explain the Niigata data in a straightforward way. 
The dilatancy model gives major importance to the San 


Andreas Fault as a plate boundary concentrating stygsses. i 
The transverse range follows from the bend in the San Andreas, _ 
This model’s advantages are that it explains the entire uplift, 


including the uplift south of San Fernando. Also, it agrees with 


the interpretations of anomalous travel times'* and anomalous . 
seismicity** before the San Fernando earthquake. The dis- 
advantage of this hypothesis is that it does not explain the 
asymmetry of the uplift. It is quite plausible, however, that the _ 


rheological contrast between the granitic transverse range and. 


the deep seglimentary basin of Los Angeles may cause a different 
dilatancy response to the same overall stress. 
A test for accepting or rejecting one of the models could be 


found in the seismic wave velocities during the early and mid 


1960s. The dilatancy model requires that in the early stage a 
velocity decrease should have occurred. From 1973 on, no 
substantial velocity anomalies are observed in the general area 


of the uplift?!. If ground water has returned to fill cracks and — 


pores, however, the anomaly would have disappeared by now... _ 
Another test lies in the future developments in the area. The _ 
creep hypothesis was developed on the example of a very small ue 
feature, the 20 km long San Fernando rupture. If the creep. 


hypothesis is correct, it should apply t to the entire 


corrett, medium-sized ‘thrusts are not excluded, hi 


Andreas would be expected to produce a major quake with a 


some subsidence following êt. 


I feel that neither the creep nor the dilatancy hypothesis is — 
strong enough to be accepted at this point. While the uplift 
south of San Fernando is best explained by dilatancy, it may © 
be quite likely that premonitory creep occurred on a deeper S 
part of the San Fernando fault, as required by the dry dilatancy a 


models. 
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Hydrothermal fluids of seawater salinity in 
ophiolitic sulphide ore deposits in Cyprus - 
' E. T. C. Spooner & C. J. Bray e @ 


Freezing points of fluid inclusions in vein quartz inter- 
grown with sulphides from ophiolitic cupriferous pyrite 
ore deposits in Cyprus indicate a hydrothermal fluid of 
seawater salinity, and confirm the hypothesis of metal 
dransport in hot seawater. It is therefore suggested that 
the ecqnomic potential of oceanic crust layer 2 is 
probably negligible. 





ExfS¥inc information suggests that hot seawater leached, 
transported and deposited metals (Fe, Cu, Zn, Pb, Ni, Co, 

Ag and Au) from solution to form the sulphide ore de- 
posits in the Upper Cretaceous ophiolitic rocks of the 
Troodos Complex, Cyprus’. The evidence is based prin- 
cipally on the use of isotopes (“Sr/"Sr, D/H, "O/O and 
4S /"S) as geochemical tracers and is consistent with a 
model for hydrothermal metamorphism and mineralisation 
which involved convection of seawater within the ~2-km 
thick permeable layer of pillow lavas and d¥kes ‘which 
forms the upper part of the ophiolitic sequence (Fig. yr’, 
By estimation of a Rayleigh number Spooner” has shown 
that the fluid dynamic conditions necessary for vigorous 
hydrothermal convection were satisfied. 

“The ore deposits, which formed in the submarine en- 
vironment, generally consist of a lens of massive. sulphides 
(pyrite — chalcopyrite + sfhalerite + marcasitetgalena) inter- 
calated within the pillow lava sequence*'’. This is underlain 
by a pipe-shaped mineralised stockwork extending down- 
wards into the dyke complex (Fig. 1°’. They have been 
worked for copper since pre-classical times, for high quality 
pyrite used in the manufacture of sulphuric acid’? and for 
minor quaptities of gold and silver, which occur in ‘Devil's 

~~ Mud’ onl, found in the zone of supergene alteration’. 
ae Approximately 20 deposits containing on average ~1 million 
© tonnes ore of variable copper content have been worked 
on the island. The “largest and richest was Mavrovouni, 
- which contained ~15 million tonnes ore grading between 
3.5 and 4.5 weight,% Cu (ref. 6). Limni—the largest work- 
ing mine æt -present-—produces ~450,000 tonnes ore per 
annum at a mean grade of ~0.85% Cu (refs 12,13). 
object of this article is to describe a test of the 
hesis of metal transport in hot seawatere This has 
Ived determination of depressions of the freezing point 
amples of the ore fluid which occur as small inclusions 
nerals from the sulphide deposits, This colligative 

















: compared with the freezing point of seawater. 


y, a reflection. of the salinity of the solution, iS e 


Experimental technique. | 


The fluid inclusions wére examined in thin sections of 
rock a few millimetres in size which were polished on both 
sides down to a thickness of ~60 um using 1-0.3-#m sized 
alumina particles on a vibratory polishing. machine. The 
slivers were prepared from ~l-mm thick slices of rock 
containing minerals with fluid inclusions which were 
mounted on glass slides using Lakeside resin.. The thin 
sections were floated off by soaking in absolute alcohol for 
1-3 days, and pre-selected areas of inclusions were cut out. 
Microthermometric measuréments were then conducted on 
a Chaix-Meca heating-freezing (—180°C. to .4+600 °C) 
stage mounted on a Leitz Ortholux H microscope fitted 
with X32 and x50 UMK. objective lenses and X25 bino- 
cular eyepieces. This facilitated examination of inclusions 
down to a few micrometres in size. Measurements were 
carried out on about 20 inclusions per sample. The 4nclu- 
sions were pre-selected in order to obtain an approximately 
random sample. | 





Fig. 1 Schematic diagram of model of hydrothermal con- 
vection, metamorphism and mass transfer within. the ophiolitic 
rocks of the Troodos Massif, Cyprus. General metamorphism”? 
occurred in zones of recharge flow, whereas formation of the . 
cupriferous pyrite ore deposits’ occurred in the discharge 
zones. Precipitation of Fe/Mn enriched sediments Cumbers’y?* -4 
was also probably a consequence of discharge of hot metalliferous | 
sSiutions!**, a, Qabbros, metagabbro and variably altered 
trondhjemite; b, sheeted dyke complex; c, pillow lavas; 
d, umbers; e,gmassive sulphide ore; f, “mineralised stockwork. 
Dashed lines approximate ‘to metamorphic boundaries be- 
ween zeolite facies (z);  greenschist facies (g) and amphibolite 
facies (am). Continuous lines are schematic flow lines for hydro- 
thermal convection; dotted line is approximate form of an. 
isotherm produced by convection. 
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Fig. -2 Simplified geological map of the Troodos 
* Massif, Cyprus (modified after the Cyprus Geological 
rvey map) showing the locations of the mines from 
which samples were obtained for fluid inclusion and 

P strontium isotopic studies?!, 
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Pure nitrogen gas, which was passed through a heat 
exchanger in liqhid nitrogen, was used to control cooling. 
The sample was taken down to —50°C to ensure freezing 
of the inclusions since the fluid in the inclusions shows 
pronounced supercooling effects. Most inclusions froze at 
~—30 °C, The sample was allowed to warm up to a 
temperature 1-3 °C below tHe freezing point of the in- 
clusions and was then usually refrozen to —21 °C. This 
promoted growth of observable single crystaJs of ice and 
often produced a displacement of the vapour bubble from 
its equilibrium position. The temperature of ice disappear- 
ance was then measured in large inclusions (~ 50-100 um). 
In smaller inclusions ice was not in general visible" 
because of the small refractive index difference between ige 
and water in dilute solutions. The temperature at which the 
vapour bubble returned to its original shape and position 
was tħen record@d. The freezing points of the inclusions 
were close to 0°C, so the apparatus could be precisely 
calibrated against the freezing point of deionised water. 
This was done by squirting a small quantity of vapour from 
deionised water over a sample at low temperature, to pro- 
duce small crystals of ice immediately above fluid inclusions. 
The freezing points of the inclusions and the frost on the 
sample surface were then measured sequentially. Hence, 
the freezing points of the fluid inclusions and the deionised 
water were determined in identical experimental conditions. 
The result of 12 such measurements indicated that the 
recorded fluid inclusion freezing points had to be increased 
by 0.2 °C. The estimated reproducibility of any given fluid 
irttlusion freezing point is +0.2 °C for the particular tem- 
perature range encountered. 

When fluid inclusions which were formed at temperatures 
greater than ~50 °C cool down naturally vapour bubbles 
nucleate and grow, because the coefficient of thermal con- 
traction of the liquid is greater than that of the enclosing 
solid. The temperature at which the vapour bubble dis- 
appears during controlled heating may then be determined 
in order to obtain an homogenisation temperature, which, 
if pressure corrected when necessary", gives a tempera- 
ture of formation of the fluid inclusion. Such homogenisa- 
tion temperatures are readily measured since the small 
vapour bubble goes into. a state of progressively more 
violent Brownian motion just. -before its disappearance. The 
apparatus was calibrated using substances of known melting 
point", The accuracy of any giyen measurement was 
controlled by the observed range of temperature over which 
the standards melted, and is considered to be +2 °C for „the e 
temperature range encountered. e 


Fluid inclusion freezing points ‘ 

As the primary salinity of the hydrothermal hot water w4s 
the subject of interest, it was necessary to avoid samples » 
which could have contained inclusions formed from a 
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boiling fluid. Hence, material was examined from three : 
relatively deep stockworks, in which pressure would have 
been highest. At Limni mine (Fig. 2) the maig ore deposit 4 
occurs as @ stockwork developed in pillow lavas’. 
Samples Were*examined from the core of the deposit; where 
copper grades of 1-3% occur. In the SE corner. of the 
opencast pit pyritised and hydrothermally metamorphosed ` 
Sheeted Dyke Complex occurs as part of an upfaulted — 
block. This locality - is particularly valuable because it 
probably constitutes the best exposure of the deepest. part 
of a stockwork anywhere in Cyprus. The metamorphic — 
mineral paragenesis differs from that typical of higher er. 
stockworks ` (quartz-chlorite-illite-sulphides) . 8nd- 
characteristic of the greenschist facies Guarea | 
chlorite~epidote—actinolite~-sphene- pyrite). The third locality - 
chosen was Alestos (Fig. 2) which consists of a small ewpri- 
ferous pyrite stockwork developed in the zone transitional — 
between sheeted dykes and pillow lavas (the ‘Basal Group’). _ 
Three samples from each of these localities were studied. 
Fluid inclusions were examined in vein quartz intimately 
intergrown with sulphides, which contains high densities: of 
inclusions. The inclusions are of variable shape, some being — 
very irregular in outline whereas others show well defined 


negative crystal morphologies. They are in general between 


5 and 100 m in size (Fig. 3a), Boiling during ore formation 

is usually indicated by the presence of two co-existing types 

of inclusion--one type, with a high vapour-—ligquid. ratio, — 
corresponding to ‘steam’ and the other, with a lower — 
vapour-liquid ratio, corresponding to ‘liquid’. The former 

homogenise in the gas phase, the latter in the liquid phase. 
Such evidence for boiling was searched for in these samples- 

and not found. Most inclusions are*of the simple two phase ._ 
type, but a third solid phase was quite frequently present _ 
in larger inclusions. These daughter crystals occur as. 
highly birefringent feathery aggregates similar in- appear 
ance to dawsonite (NaAI CO; (OH).)” (Fig. 3a). Th 
birefringence suggests that they are some type of carbona 
or sulphate. e iis 

The freezing points and homogenisation” tepper 
most of which have been determined on the same inclusion: 
are given in Table 1 and all the freezing point data ar aor 
presented as a frequency polygon in Fig. 4. 

The inclusions are clearly of hydrothermal origin since 
their homogenisation temperatures are, universally high. - 
The data for the nine samples vary from 301+23 °C 2 
measurements) to 351+4°C (20 measurements). Mos 
inclusions show no obvious geometrical relationships which- 
can be used to indicate that they are primary (formed - 
during growth of a crystal) or secondary (formed after 
growth). It could be argued, therefore, that they might be 
unrepresentative of the fluid “which actually precipitated ` 
the ore minerals. This is shown not to be the case from ~ 
examination of sample CY/75/39 from the main Limni 
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stockwork. This was the only sample to contain well 
defined primary incfusions clearly related to growth zones 
in quartz (see Fig. 36). The results of measurements on 
these primaries and on inclusions of the more general type 
agree within lo (Table 1). Since the vein quartz is 
intimately intergrown with sulphides the fluid inclusion 
data from this sample, and all other samples, apply to the 
process of sulphide ore deposition itself. e 

The depressions of the freezing point pf the fluid 
inclusions relative to pure water were found to be small 
(—1.6+0.2 °C to ~2.4+0.4°C), and therefore indicate that 
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for different samples are all statistically indistinguishable 


within 2& limits, and most are indistinguishable within Io 
limits. Taking into account an accuracy of +02 °C for any 
given measurement, the frequency po'gon for all the 205 
determinations (Fig. 4) shows a unim. tal and symmetrical 
distrigution about a mean value of —1.9 °C. The standard 
deviation is £0.4 °C. PE 

This freezing point is statistically indistinguishable from 
that of sea water. The salinity of sea water in the open 
ocean varies from 32 to 37.5%, (ref. 20). In small ocean 
basins such as the Mediterranean and the Red Seg it rises 
to 41°%, (ref. 20). This produces a freezing point range for 
seawater of from —1.7 °C to —2% °C. Average seawater 
with a salinity of 35%, has a freezing point of —1.9 °C. 
Hence, it is clear that a hydrothermal flujd identical to sea- 
water in its salinity formed the ophiolitic sulphide ore 
deposits of Cyprus. That this fluid was actually of sea- 
water origin is indicated by, the stable. isotope work of 
Heaton and Sheppard’ and confirmed by the strontium 
isotope ratios reported by Chapman and Spooner", which 
demonstrate “Sr enrichment of mineralised mgterial up 
to Upper Cretaceous seawater “Sr/"Sr values. The hypo- 
thesis of metal leaching and transport by hot seawater is, 
therefore, verified. 

The data may be compareti with freezing points of fluid 
inclusions in minerals from greenschist facies metabasic 
rocks dredged from the Atlantic Ocean floor. Since the 
mean homogenisation temperatures of six samples con- 
taining secondary actinolite + epidote range from 219 °C 
to 324°C, the fluids in the inclusions are clearly hydro- 
thermal in origin. The mean of 77 freezing point values 
given by Jeh for these samples is ~—2.0°C, and the 


Fig. 4 Frequency polygon of the 205 freezing point measure- 

ments of fluid inclusions in vein quartz from ophiolitic sulphide 

ore deposits, Cyprus, compared with the freezing points of sea- 

water?’ and of fluid inclusions in metabasic rocks containing 

actinolite + epidote dredged from the Atlantic Ocean floor’. 
Mean freezing point —1.9 °C, s.d. 40.4 °C, 
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Sample No. 
CY/75/38 ` 


Table 1 Freezing points*and homogenisation temperatures of fluid inclusions in quartz from the Limni and Alestos ophiolitic sulphide ore i 
sits and comparative data MR 


Sample locality and description 


Limni, main deposit. Quartz—pyrite~chalcopyrite-haematite— 

















° Homogenis 
* Freezing point (°C) temperature { 


a <5 chlorite vein in hydrothermally mineralised and metamorphosed ° 
= pillow lava | yi a 2.4+-0.4 (20)* * 309 + 26 ¢ 
GY {75/39 Limni, main deposit. Quartz—pyrite~chalcopyrite-haematite— b 
L 


pillow lava 


chlorite vein in hydrothermally mineralised and metamorphosed 


-— 1,740.2 (20) 





CY/75/39, Limni, main deposit. Quartz~pyrite~chalcopyrite—haematite— 
(Primary chlorite vein in hydrothermally mineraliséd and metamorphosed E 
inclusions) pillow lava > 1.9-0.2 (21) 307-7 RD 
CY775/52 Limni, main deposit. Quartz-pyrite-chalcopyrite-hħhaematite- EE a 
chlorite vein in hydrothermally mineralised and metamorphosed Sofi eis a 
e pillow lava —~1,6-+0.2 (22) 30123 (4) i 
CY/7 967A Limni; pyritised and hydrothermally metamorphosed Sheeted | 
% Dyke Complex in the SE corner of the opencast pit. Quartz- ee | 
« epidete-chlorite—actinolite-calcite—pyrite vein : ~~ 2140.4 (22) SO9419- 0). 4 
CY /75/67B Limni; pyritised and hydrothermally metamorphosed Sheeted oe E E 
e Dyke Complex in the SE corner of the opencast pit. Quartz- ceo ae 
epylote-chlorite—actinolite-calcite-pyrite vein | -2.0-0.2 (19) 309-22 (35). 2 
CY/75/67C « Limni; pyritised and hydrothermally metamorphosed Sheeted ORE T 
Dyke Complex in the SE corner of the opencast pit. Quartz- ° Se E iri 
epidote-chlorite-actinolite-calcite-pyrite vein e , — 2,0 ze 0.2 (20) 32210 (24) o 
CY/75/98A Alestos. Quartz—pyrite-chalcopyrite-haematite-chlorite vein in nia 
hydrothermally mineralised and metamorphosed ‘Basal Group’ ~2,1+40.5 (21) 351 -4-4 (20} 
CY/75/98C Alestos, Quartz—pyrite-chalcopyrite~haematite—chlorite vein in Aan 
hydrothermally mineralised and metamorphosed ‘Basal Group’ ~ 1,9 -0.3 (20) 31447 2D s 
CY/75/98D Alestos. Quartz~pyrite~chak®pyrite~haematite—chlorite vein in : 


Mean value of 
all freezing points 


* 


Comparative data 
the ocean floor 
Kuroko sulphide ore deposits of Japan?? 


it gage BY 
$ e Sea water e 


hydrothermally mineralised and metamorphosed ‘Basal Group’ 


z 325 4-26 (20): 


1,940.4 (205) e 
©% 


Metabasic rocks containing actinolite +epigote dredged from 


—~ 2,040.4 (77)t 219-3247 . 

— 1.8 to —3.7} 146-1891 aa 
~1.7 to —2.2§ í 
~1,9 


*Mean + s.d.; figures in parentheses are numbers of measurements. 


«These data were obtained from six samples (GA 12-14, V27-DR. 11-K1, GI2-19, DI-11, G.12-A and AT150-20-1) listed by JehE*. The i 
number of measurements refers to the number of values quoted for each sample. The temperature range refers to the range of the means of the 
homogenisation temperatures listed for each sample. A wider range of salinities was recorded, but from material not from the greenschist = 


facies., 


_ {This freezing point range was obtained from about 560 measurements on 51 samples‘from the Yunosawa deposit, Furutobe mine**, Fluid: 
inclusions were studied in barite, sphalerite and fluorite. 34 samples were from siliceous ore and 17 from black ore. The homogenisation 
temperature range given refers to the range of the means of 85 determinations on seven samples (five from siliceous ore and two from black 


ore) also from the Yunosawa deposit??, 


§This range was obtained from the salinity variation in the open ocean ( 32--37.5°%,) and from the salinities found in small ocean basins such 


as the Mediterra nean (37-40%) and the Red Sea (40-41%,)**. 


. 
standard deviation is 0.4 °C. This value is also statistically 
indistinguishable from that of seawater. These samples 
would probably have come from the recharge parts of 
ocean-floor hydrothermal convection systems, whereas the 
samples from the Cyprus ore deposits were formed in 
discharge zones. The data show, therefore, that seawater 
does not detectably change bulk composition sufficiently to 
affect its freezing point during interaction with basic 
igneous rocks at elevated temperature. 

The freezing points of the Cyprus ore deposit fluid 
inclusions may also be compared with data from the 


Kuroko polymetallic sulphide deposits of Japan. These are 


also of submarine origin but formed in association with 
rhyolite domes rather than basic igneous rocks. Stable 
isotope ratios (D and 6"O) of fluids from inclusions in 
sulphides in these deposits suggest that the ore fluid was 
also predominantly of, seawater origin”. The range of 
~560 measurements of freezing points af fluid inclusiéns 
in barite, sphelerite and fluorite from the Yunosawa 
deposit, Furutob mine has been reported” ds —1.8 °C to 
~3.7 °C (34 samples were from siliceous ore and f7 from 
black ore). This is very similar to the total range of fluid 
inclusion freezing points from the Cyprus ore deposits 
(—1,.2 °C to —3.2 °C; Fig. 4). Hence, the effects on the 


. ` 


bulk composition of seawater during water-rock inter- 
action in the Cyprus and Kuroko environments were 
essentially the same, 


Economic potential of oceanic crust layer 2 > 
This information on fluid inclusion salinities in Cyprus ore — 
deposits shows that when ordinary seawater interacts at 
elevated temperature with ordinary basaltic rock, sulphide 
deposits can be formed? Hence, regardless of whethe 
ophiolitic sequence of the Troodos Complex, Cypru ds of 
is notea representative tectonically emplaced fragment of 
oceanic crust and upper mantle*””*, the ore deposits within ~ 
it may probably be taken as gharacteristic of the type of ore = 
deposit formed during seawater circulation” ™ within = 
spreading oceanic ridges. This convectiye progess is now > 
thought to occur on a massive scale, and is probably the ee 
main hydrothermal ore forming process which affects the 
upper part of the sequence of igneous rocks of the oceani 
crust. (laye? 2). ee 
Hence, thesizes and metal contents of the Cyprus deposits 
may be used to assess the possible economic significance of 
oceanic crust layer 2. As mentioned above, these deposits 
*are essentially small (0.5-15 million tonnes), occasionally 
relative rich copper ore bodies (~0.5~-~4% Cu), which 













$12 


contain no other metals of economic importance’. To 
place them in context, they may be compared with a class 
of hydrothermal ore deposit which supplies the largest 
contribution (~45%) to world copper production—the 
porphyry copper deposits", The average size of porphyry 
coppers is approximately 150 million tonnes, and they nor- 
mally contain greater than 0.5% copper (average=~0.8% 
Cu) which is often associated with economically significant 
quantities of molybdenum or gold”. They are therefore on 
average 1-2 orders of magnitude larger than Cyprus-type 
deposits, and can be much bigger. For example, the largest 
worked porphyry copper deposit (Bougainville, Territory 
ef Papua and New Guinea) contains 900 million tonnes ore 
grading 0.48% Cu and 0.6 p.p.m. Au (ref. 33). The largest 
known porphyry copper (Cerro Colorado, Panama) contains 
at least 2,000 million tonnes ore grading 0.61 % Cu (ref. 34). 
These data show, therefore, that Cyprus-type deposits are 
not particularly economically significant even when exposed 
on land. Also, an additional source of supply of copper in 
the future will probably be obtainable from the ‘manganese 
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Subsurf ts of st tefacts and 
their implicati for the prehistor 
eir implications for the p y 
of Central Africa 
* 
D. Cahen & J. Moeyersons 
Musée royal de l’Afrique centrale, B—1980 Tervuren, Belgium a.’ 
a 
The general and systematic character, in Central Africa, at Kinshasa, which had been excavated’™* as early as 1925, 
of a postsedimentary process of vertical redistribution of Y% o A Se EA ag hehe LO; ERASE. 
, ’ | f . n a Symposium | 
stone artefacts buried in a Kalahari sand mantle is jhe ane a fe aan BU ean nae 
strongly suggested. This invalidates the prehistoric ORES A ° EAA ern Sl Farah 
At SA a ie Terminology of the Pan-African Congress on Prehistory and 
nomenclature and chronology of this area and may have Quaternary Studies expressed the wish that new excavations 
implications on the palaeoclimatological interpretation should be undertaken at Gombe Point to determine and 
i $ , ; tot i sapeo 3 % a š ie E 6 
i of stone-line profiles. e : date this prehistoric succession’. These new excavations 
uaj . were performed in 1973 and 1974. Fairly quickly, the 
a n a Ga a conclusion was reached that this new research raised a 
a A : l 
series of problems much more important than the mere 
THE immense area occupied by the Zaire or Congo river revision of the prehistoric nomenclature as it now seems 
basin in {fe heart of Africa is still very little known from that all the evidence,*previously considered to be established, 


the archaeological point of view. The present-day nomen- 


clature of the post-Acheulian prehistoric industries ofe 


Central Africa is based on very few excavations and on 


some systematic surface collections, essentially made in e 


the regions of Kinshasa, in Zaire’ and of Linda, in north- 
eastern Angola’. This nomenclature presents a somewhat 
econjectural and theoretical character as it consists only of a 


compilation of various observations made at different sites” 


Only at the site of the Gombe Point (formerly Kalina Point) 


* 


should be questioned. 


Fvidence from the Gombe excavations 


At Gombe, the stone artefacts are distributed irregularly 
at all depths but with a considerable concentration (45 % ~ 
95%, of the total population) near the base of a homo- 
geneous sand-silt-clay mantle, 3-5 m thick, which overlies a 
silicified bed-rock. This mantle is derived from the Red 
Sands of the Upper Kalahari, which cover the surrounding 
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Industries Gombe 
i GrN 7,219 : 3,385 +35 b.p. 
-UPPER GrN 7,278 : 5,260 -4-40 b.p. 
@ 
TSHITOLIAN 


. ‘, -LOWER 





LUPEMBO/TSHITO- GrN 7,220 : 8,095 +50 b.p. 
LIAN OR = 
UPPER LUPEMBAN GrN 7,276 : 14,840 +80 b.p. 
SANGO GrN 7,221 : 27,240 4-280 b.p. 
LUPEMBAN ° 

e GrN 7,277 : > 43,800 b.p. 


Table 1 Correlation of the radiocarbon dates obtained at Gombe Point and in the regions of Kinshasa and Lunda 


813 





Kinshasa 


Lv 288 : 3,870-+-90 b+. oe 
Lv 162 : 5,750+-110 b.p. UGLA 171 : 4,7004100 bp 
Iv 45 : 6,030-+- 190 b.p. 


UCLA 167 : 6,8304120 b.p. = 
Lv 289 : 6,2804130 b.p. id | 


Lv 165 : 8,920-- 160 b.p. . ee 
Lv 164 : 9,730200 b.p. UCLA 172 : 12,970 +250 b.p. - 


‘ Lunda 


By 287 : 12,230+-250 b.p. 
Lv 166 : 15,080 -4-480 b.p. 


C 580 : 11,189 +490 b.p.* 
C 581 ; 14,503 4-560 b.p. 


Lv 163 : > 26,000 b.p. 
Lv 44: > 30,000 b.p. UCLA 169: > 34,000 b.p. 
UCLA 168 : 38,000-+-2,500 b.p. 
UCLA 709 : > 40,000 b.p. 


LL Renan a 


*This sample is associated with a material identified as Lower Tshitolian or Lupembo-Tshitolian. 


+ 


highlands& This kind of irregular distribution of artefacts 
and this type of sediment are typical for the great majority 
of the open air archaeological sites known in the southern 
part of the Zaire river basin and on which the knowledge 
of the Prehistory of Central Africa relies’, 

A study of the typological and quantitative distribution of 
the artefacts according to depth seemed to suggest the 
existence of different prehistoric industries: in the different 
trenches, various assemblages: of characteristic artefacts 
were found in more or less the same order from the top to 
the base of the sand mantle. Charcoal fragments found at 
the same levels revealed dates which fell within the same 
periods as those already obtained for analogous industries 
from Kinshasa and Lunda. A fair typological and 
chronelogical correlation could*’thus be noted between the 
industries of the southern Zaire river basin (Table 1). It 
must, however, be emphasised that at Gombe, just as at 
Kinshasa and Lunda, the dated samples exhibited no other 
relation with the archaeological material than to have been 
found at the same depth as some characteristic artefacts. 

HoWever, a systematic study of the reassembly of the 
worked stones of Gombe (that is, joining together the 
tools, flakes, core and fragments struck off from the same 
block) has shown that fitting artefacts were found at several 
different depths from which different radiocarbon dates 
have been obtained (the vertical distance between joining 
pieces sometimes exceeds 1m). Hundreds of analogous 
Observations have been made through the whole thickness 
of the sand mantle. 

Fitting artefacts are part of the same technological 
process (blades removed from a blade core for instance) and 
are strictly contemporaneous. In most cases, the vertical 
distribution of the elements of the reconstructed cores does 
not follow the order in which they have been struck off 


Fig. 1 a Reassembled blade core from Gombe Point and b, 

vertical distribution of its elements. Numbers indicate the order 

in which the flakes have been removed: la and 1b are fragments 
of the first flake, 7 is the core itself. 


GrN.7219:3385 + 35 b.p. 






(w) ydq 


(Fig. 1). This excludes the hypothesis of a later, reutilisation 
of older artefacts. The abundance of reassembled pieces 
also preclàdes important lateral transport. Finally we were 
led to the hypothesis that only subsurface movements of 
the worked stones could explain this important vertical 
dispersion of contemporaneous artefacts. On the evidence 
of the reassembly, it becomes clear that, contrary to 
appearances, the site of Gombe Point has been disturbed in 
some way and that thé lithic assemblages discovered there 
at a given depth are not homogeneous. As the Gombe 
Point can be considered as one of the most compete and 
most representative prehistoric sites of the southern Zaire 
basin, it was thought important to investigate more deeply 
these disturbances, - 


Experimental research 


By means of experiments’, the possibility of subsurface: 
movements™ and of a dispersion of artefacts was tested 
out. The original materials were used for the experiments. — 
The texture and some mechanical properties of the sedi- 
ment are given in Table 2. 

We investigated whether artefacts, laid down on and/or 
buried in the sediment could undergo vertical movements, 
when the sediment is wetted and dried alternatively. Down 
to depths of 60 cm sand columns were used. Greater depths 
were simulated by putting down weights on the sediment 
column. The different methods of wetting and drying were 








Table 2 Characteristics of the sedimegt used in the experiments 


Tene no ame te TR tele AA a AE ban area a AAAA AAA i acme py. 











Sand content (> 63 um)? 58.1% 
Silt content (2-63 um) 28.0% 
Clay content (< 2 um) 13.9% 
Median size 77 pm 
Modal size 95 um 
Calibrage very bad 
Liquid limit water content 23% 4 
Plastic limit water content 12% e 
Plasticity index 11% 
Specific weight _ 2.63 geme? 
+ 
Angle of internal friction 45° water content: 
Cohesion Ogem? SNe we 
+ 
aa ee angle of internal n waleeannl ent: 
Apparent cohesion 30 gecem“? ENT a f% 
e me E 
Compressibility constant: 
ry ° 29.7 \ slow test 
wet (19%, water content) 25.6. : 


Permeability: 1073 cm h~ for a dry volume weight of 1.42 g cm = 
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® 
Fig. 2 The dry volume weight of undisturbed soil samples taken 
from trench 2 at Gombe (@) and the dry volume weight derived 
from the experiments and the oedometer-test (dotted line). 
km establishing the latter, a supposed dry volume weight of 
{1.5gcem~* of the column above each point was accepted. 
Therefore the dotted line still gives underestimated values. 
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simulations of an oscillating water@table or of the perco- 


lation af rain water from the surfdce. Three conclusions 
were reached: ie ae 
(1) Artefacts laid down on the surface can penetrate into 
the sediment over a distance of some mm to more than 1 cm, 
depending on their weight and shape. The amount of 
penetration shows a linear relation with the logarithm of 
the number of wetting—drying cycles applied. The explana- 
tion lies in a slight compression of the sediment just 
beneath the artefact. The experiment showed that °the 
weight of the artefacts becomes unimportant and negligible, 
once they are covered by some cm of sediment. * 
(2) Buried at greater depths, artefacts do not move 
vertically, except if the artificial soil column is not entirely 
consolidated. Artefacts, laid down in an unconsolidated 
sediment at real or simulated depths of 30, 60, 90 and more 
than 200cm, displayed, during consolidation, a general 
tendency to accompany the descent of the level at which 
they were buried. Some of them*did however descend con- 
siderably more or less than the sediment which originally 
surrounded them. 5 
(3) The dry volume weight of the sediment, nfeasured in 
the basal part of the different experimental boxes after each 
experiment, exceeds systematically that of undisturbed 
samples, taken in the field at depths obtained or simulated 
in the laboratory (Fig. 2). An oedometer test confirmed the 
dry volume weight values obtained from the experiments. 
The obsewation in the field of termite activity and the 
fact that undisturbed soil samples displayed in several cases 
a high density of very small (@ about 0.5mm) biogenic 
galleries led to the conclusion that the sediment mantle at 
Gombe is stilf unconsolidated. It undergoes a double post- 
sedimentary process: the soil fauna brings up particles to 
the surface. The dry volume weight of the sediment will 
diminish along collapsing biogenic structures. A continuous 
biogenic action and subsequent collapse” of the stfuctures 


Table 3 Movement indices as measured in the shearing box of a shearing apparatus ° 
Bee neta nne ee ennai 
Block number Sediment Orientation of block Number of attempts Mean movement irftlex 

wet point up 6 1.16+-0.12 
wet * point down 10 0,89 -+-0.21 
i dry point up 3 1.51 +0.21 
dry point down 5 1,28 +0.21 
wet point up 5 0.95 4+-0.14 
wet point down 5 0.97 +0.15 

2 dry point up 5 1.254-0.16 s 
dry point down 5 1.38 -+0.17 
. wet point up 5 1.18 40.05 
wet point down 5 0.98 £0.08 
3 dry point up 5 1.37 4-0.24 
dry point down 5 1.28 -+0.20 





è x | vit + F a * : 
The movement index i = (AA,)/(AfAs), where Ah is the absolute amount of descent of the gravity centre of the object during exertion of 
vertical stress on the soil column; AA 4S the absolute decrease in height of the part of the soil column situated before the measurement 


between We bottom of the box and gr 
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vity centre of the object. For i < 1 the object penetrates in sediment situated originally above. In 
relative terms, the object rises. For į > 1 the object penetrates in sediments situated originally below. In relative terms, the object descends. 
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created in this way, mw&t finally lead to a reconsolidaion of 
the soil column. In fact, the sediment mantle at Gombe 
must be consigered as consolidating permanently in reaction 
to the continuous biogenic upworking. 

In this perspettive, conclusion (2) (see above) becomes 
very significant and was therefore elaborated on by further 
experiments, simulating the consolidation of the samtis by 


applying vertical stresses. Measurements were made in thee 


shearing box of a monoaxial shearing apparatus: it was 
noted on several occasions that undeformable objects did 
not, under compression, strictly accompany. the vertical 
movement of the enclosing sediment. Depending on dimen- 
sion, form and orientation of the objects and on the water 
content of the sediment, the objects penetrated into 
sediments originally situated above or below them. Table 3 
gives the vertical movement indices for three wooden blocks. 

It should be pointed out that the variability in shapes 
and dimensions of ‘a lithic industry is obviously consider- 
ably higher than ‘that of three wooden blocks. Therefore, 
the range of vertical movement indices within a whole 
industry will be also much wider than for the three blocks. 
Moreover the experiments are based on the theoretical con- 
ception of a homogeneously spread biogenic activity. This 
is not the real situation in nature. Preferential reworking 
can contribute to a much higher dispersion than expected 
on the base of the experiments. Finally, these experiments 
yield information only about dispersion during consolida- 
tion. It is clear that the biogenic activity igself can also 
create vertical displacement of artefacts. 


Discussion 


At Gombe, the reassembly shows that stri¢tly contempor- 
aneous artefacts are scattered irregularly over the whgle 
thickness of the homogeneous sand mantle. The experiments 
confirm the possibility of a postsedimentary differential 
descerft of artefatts in the soil column. This process is cata- 
lysed by biogenic activity. 

The following facts strongly suggest that this process of 
tedistribution has a general and systematic character in the 
entire area covered by Kalahari-type sands in Central 
Africa : 

(1) The sites on which our present knowledge of the Pre- 
history of Central. Africa relies are located in the same 
environmental background—the southern Zaire river basin. 
(2) In these sites, the artefacts are generally distributed in 
a similar way—-‘‘isolated and at no consistent level’®— 


| E B 


within a homogeneous ‘mantle of,redistributed Kalahari — 
sands. : ie 
(3) At Lunda, Kinshasa and Gombe, typologically identical ~ 
assemblages of worked sfones are dated within exactly the 
same periods. œ 

(4) Although systematic reassembly of lithic material has 
only been carried out for Gombe, similar examples of 
joining pieces found at different depths have also been 
observed at Dinga (Kwango) and at Kamoa (Shaba)", thus 
proving that Gombe is not an isolated case. 

« The most evident result of this redistribution process i$ a 
mixing up of originally superposed occupation layers and. . 


in most cases the inability to decide if one or more industries — 


are present. The post-Acheulian industries that have been 
defined in Central Africa probably represent nothing more 
than heterogeneous assemblages of stone artefacts, without — 
any stratigraphical, typological, chronological or ethno- 
graphical significance. The radiocarbon dates give only the 
age of various charcoal and wood samples but have no 
direct relation with the archaeological material. 

The redistribution process also presents an interest for 
Quaternary stratigraphical interpretations in the area con- 
sidered here.*Part of the basal concentration of artefacts. 
at Gombe cannot be intgrpreted as a residual pavement. 
The contemporaneity of several pieces of this concentration 


and of some artefacts scattered in the overlying sand mantle» « 


can only be explained by a differential descending velocity : 
artefacts with higher movement indices have already got 
down to the bed-rock, while others are still descending. The 
distribution of coarse ‘elements in many stone-line profiles 
in Central Africa resembles that of the artefacts at Gombe 
Many of these stone-lines could perhaps be considered as 
the result of descent through the overlying mantle", 
instead of a residuum, concentrated during an erosion phase. 
This has implications for the palaeoclimatological intespre- 
tation. 
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Defective interfering particles with covalently 
linked [+]RNA induce interferon 


Philip I. Marcus & Margaret J. Sekellick 


Microbiology Section, U-44, University of Connecticut, Storrs, Connecticut 06268 Os 





Defective interfering (DI) particles of vesicular stomatitis 
virus which contain covalently linked complementary 
[+ pnessage and [—]anti-message RNA as a single-stranded 
ribonucleoprotein complex within the particle, are extremely 
efficient inducers of interferon. A single particle can induce a 


quantum yield of interferon. A single molecule of dowble- ° 
stranded RNA presumed to form, at least in part, On enITY e 


into the cell is thought to induce interferon synthesis. Con- 
ventional [—]RNA DI particles with the same polypeptitle 


composition as [+-]RNA DI particles fail to induce interferon. e 





. N 


- Ld 






LAZZARINI et al have described a defgctive interfering (DD 
particle of vesicular stomatitis virus (VSV), DI-O11, which 
contains covalently linked complementary [+] message and 
[-~ ] anti-message (genomic) RNA. The [+4] RNA exists within | 


the particle as a single strand of 8x105 dalton$ in a ribo- « 


nucleoprotein complex 0.85 um long, and on deproteinisation 
80-90%, of the RNA self-anneals into a double-stranded 
(hairpin) structure 0.33 um longt. 

The availability of pure populations of these defective inter- 
fering particleg which contain RNA capable of assuming a 
double-stranded configuration and which can specifically bind 
to and enter cells, provides a unique system for delivering’ a 
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Fig. 1 Interferon inducing capacity of [{]RNA DI-011 (@) 
and [—-]IRNA DI-HR (©) particles. Primary chick embryo 
cells aged im vitro for 6 d (ref. 6) wese infected with varying 
multiplicities of DI particles obtained as thrice gradient-purified 
stocks. DEAE-dextran at 10 ug mi was present during virus 
attachfhent, Following virus attachment at 37.5 °C for 30 min 
cell monolayers were washed three times with warm medium 
and incubated at 40.5°C with 3ml of attachment solution®® 
per 60-mm dish, After 24h the supernatant fluid was collected 
aW assayed for interferon as described previously. Activity 
was recorded as a 50°% VSV plaque reduction unit (PR. unit 
mlp, Interferon yield is reported as the total amount of 
interferon released into the medium from a monolayer of 
2x 107 cells in 24h. This period sufficed to produce maximal 
yields of interferon over the entire range of multiplicities tested. 
DI particle titres were determined by measuring the reduction 
in yield of thrice gradient-purified homologous VSV-HR B 
particles*®, 


© 

single molecule of [+] stranded RNA to the cell in conditions 
which preclude RNA replication”. We have used this system to 
determine whether the [+] RNA of DI-011 particles might 
assume in the cell a configuration of biological significance 
beyond that of its role as a DI particle. We examined the 
function of DI-Ol1 as a defective cell-killing particle** in 
conditions where conventéonal [~ ] strand RNA particles do not 
kill cells*, and tested their capacity to induce interferon pro- 
duction®:*. We present evidence here that DI-O011 particles do 
not kill cells, even at multiplicities of infection up to 50, but 
that a single particle, presumably because of its potential to 
form double-stranded (ds) RNA and the capacity of dsRNAs 
to induce interferon*-’, suffices to inguce a quantum yield of 
interferon? making it the most efficient inducer of interferon 
discovered šo far. ° 


Interferon induction by DI-011 


ee Primary chick embryo cell mon®layers aged in vitro for 6d 


(ref. 6) were challenged with various multiplicities of DI-O11 
particles (nd), orf the basis of interfering particle activity®*. 
ur basic observation is illustrated in Fig. 1 as a dose (7pp)- 


_ parations of DI-011 particles contain highly efficieng interferon 
inducers. These data, typical of seven experiments, reveal that 
itially, increasing the multiplicity of DI-011 ‘particles pro- 

ed a sharp increase in the yield of interferon, with peak 
an zed from mp» = 0.1 to 1 in seven experiments.) Further 











sponse (interferon yield) curve and demonstrates that pre- e 


titres (at 24 h) obtained at about mpi = 0.3. (This value , 






Nature Vol. 266 28 April 1977 





TAR n : 

? in Mpp resulted in a marked reduction in interferon 
yield. The magnitude of the changes in irfterferon yield observed 
on increasing the dose of DI-011 particles insthe low multi- 
plicity range seemed characteristic of dose-response curves 
where one particle elicits a quantal response but two or more 
do not. Consequently, we compared experimentally derived 
dose-fesponse curves with those expected from a Poissonian 
edistribution of DI particles for cases where quantal yield’ óf 
interferon would derive from classes (subpopulations) of cells 
attaching r particles at different multiplicities, 77, and values Of r 
(ref. 10). In Fig. 2 we compare the expected curve from the 
Poisson distribution for the class of cells infected by’only one 
particle (r = 1) with the observed data from two experiments. 
The multiplicity of DI-Ol1l particles which produced the 
maximum yield of interferon was determined by the least 
squares method for a best fit curve, with tĦe logarithm of the 
interferon yield used to minimise the percentage error fn the 
assays for high and low values of interferon. Curves representing 
other values of r (r = 2, r >., > 2) dre not shown, but 
revealed marked deviation from the observed results. From the 
goodness of fit of the observed dosg~response curve to that 
expected from the class of cells infected with only one*particle of 
DI-Oll (= 1), we conclude that infection with a single 
particle of DI-O11 suffices to induce a quantum yield of inter- 
feron—in effect, defining an “interferon-inducing (IF) particle’. 
An equivalency between interferon-inducing particles and 
physical particles is implicit in Lazzarini’s observation that 

e 
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0 | 7 3 4 5 
Multiplicity as [FP 
Fig. 2 Comparison of the observed dose (multiplicity)- 
response (interferon yield) data with those expected if only 


cells which received one particle were full yielders of interferon— 
representing the r = } class of the Poisson distribution where 


@ Py) = (e™ mr! 


In this case, a7 is the multiplicity of DI-011 particles, and Pin the 
fraction of cells infected by r particles of DI-Ol1. The class of 
cells which is infected by a single particle (that is, the case 
where r = 1) is PG) = me ™ (ref. 10). @, ©, Data from Fig. 1 
and one additional experiment. — — —-— , Curve derived from the 


shows the multiplicity of infection based on the DI particle 
titre whereas the lower abscissa defines the DI-011 stock in 
terms of the number of interferon-inducing (IF) particles. On the 
ordinate, the ‘expected’ maximum interferon vield was based. 
on a maximum derived from a least squares fit of the experi- 
mental points. For these experiments,the ratio IFP:DIP ~ 4, 
amd indicates thgt more virions can function as. interferon 
inducers than as DI particles. In this regard, Lazzarini con- 
sistently finds, at least a threefold excess of physical particles, 
as assayed by electron microscopy, to DI particles, as measured - 
by the interference test™” (personal communication). Allowigg 
for this factor of three, the multiplicity on the top and bottom 
abscissae become almost the same, indicating an equivalency of 
physical and IF particles. 
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Fig. 3 VSV-MS(DI-011) profiles of plaque-forming particle 
(O— ©), defective-interfering particle (@ --- @) and inter- 
feron-inducing purticle (@--@) activity following velocity 
sedimentation on a linear sucrose gradient, A partially purified 
preparation of VSV-MS(DI-011) labelled with *H-uridine and 
containing roughly equivalent amounts of B and T particles 
(kindly supplied by R. A! Laszarini) was applied to a 17 ml 
5-40% linear sucrose gradient and centrifuged at 75,000g for 
120 min at 4°C? Fractions were collected from the top of the 
gradient and analysed fèr TCA-precipitable radioactivity (data 
not shown), plaque-forming particle, defective-interfering 
particle and interferon-inducing particle activity as described 
elsewhere", Assays of interferon inducing activity for each 
fraction were carried out at optimal multiplicities for interferon 
inductiow (Fig. 1). 


there is about a threefold excess of physical particles to 
defective-interfering particles in purified preparations of 
DI-011 (R. A. Lazzarini, personal communication). The data 
also indicate that cells which attach two er more DI-011 
particles yield little or no interferon. Factors affecting the 
production (synthesis and release) of interferon and an antiviral 
state in this multiplicity range will be reported elsewhere. 
Conventional 6] RNA parficles representing a common 
one-third length component from the Indiana HR strain of 
VSV did not induce interferon when tested similarly (Fig. 1). 


Comparison of different types of particle 


A stock containing DI-011 and standard infectious B particles 
was Stained from BHK-21 cells in conditions which produced 
roughly equivalent amounts of DI and B particles. These 
particles were concentrated by centrifugation, and profiles of 
interferon-inducing, defective-interfering and plaque-forming 
particle activity established by testing each fraction of the 
gradierit for these respective activities as described previously? 
(Fig. 3). These results demonstrate that the interferon-inducing 
aad defective-interfering particle activity profiles are essentially 
coincident throughout the gradient, with both activities peak- 
ing at fractions 12 and 13. Infectivity in the form of plaque- 
forming particles peaks at fraction 19. We conclude that the 
interferon-inducing particle activity of DI-011 particle prepara- 
tions corresponds in sedimentation characteristics to those of 
defective-interfering particles. 


+ 
Prevention of interferon induction 
Inhibitors of cellular RNA and protein synthesis, such as 
actinomycin D and cycloheximide respectively, prevent inter- 
feron inductionë. Table 1 demonstrates that when either of 
these drugs is present together with an optimal multiplicity of 
DI-011 interferon-inducing particles, little or no interferon is 
produced. Thus, it seems that new cellular mRNA and protein 
synthesis are required for the production of interferon which 
follows infection with DI-O11 particles. 

When preparations of DI-011 particles are exposed to anti- 
serum specific for the Indiana serotype ef VSV, there ïs a 
marked reduction in the capacity of that preparation to in- 
duce interferon (Table 1). We conclude that ‘the molecule(s) 

. ` A * 
responsible for interferon induction in populations of DI-0J1 


particles gain entry into the cell through particles which can be 
o 


specifically neutralised with VSV antiserum. 
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Effects of heat or ultravioļet radiation 


Stocks of gradient-purified DI-011 particles were exposed to 
different doses of ultraviolet or heated for 20 min at 50 °C and 
tested for their capacity to*induce interferon. Table 1 shows that 
heated DI-011 pafticles remained fully functional as interferon 
inducers. The same heat treatment when applied to complete 
virions reduced infectivity, cell-killing particle activity, and 
virion-derived transcription 100-fold!. Figure 4 shows that the 
interferon-inducing capacity of DI-011 particles is extremely 
resistant to inactivation by ultraviolet. A dose of ultravielet 

"(2,615 erg mm~*) equivalent to 50 and 10 lethal hits to plaque- 
forming and cell-killing particle activity, respectively’, had. 
virtually no effect on interferon induction by DI-O11 particles, 
but reduced the interfering capacity of DI-011 particles 10-fold _ 
or more (data not shown). | 


Induction of antiviral state in different cell types 
Some cell systems seem to acquire an antiviral state on stimula- . 
tion with interferon inducers even though little or no inter- 
feron may be detected"™-'*, Consequently, we tested for intra- 
cellular viral interference in cells in which the yield of inter- _ 
feron induced by DI-011 particles was abundant (primary — 
chick embryo cells)’, low (human FS-4 cells)!? or nil (GMK- 
Vero cells)*.° Monolayer¢ of these three cell types were- 
challenged with various multiplicities of DI-011 particles. After 
incubation for 20h, the supernatant fluid was removed and 
assayed for its interferon content’®. To establish the degree of 
intracellular viral interference, the cell monolayers were 
challenged with Sindbig virus (Mprş = 5) in the presence of 
actinomycin D (1 ug mi~), The data in Table 2 reveal th 

DI-011 particles induce an heterologous antiviral state capable — 
of reducing the yield of challenge Sindbis virus in chick embryo. 
cells by 1,000-fold or more—even at the multiplicities of. 
inducer particles which produce relatively low yields of nter- 

feron (mMıre > 2). However, we note that the yield of intdferon 
at these multiplicities, although low compared with. the titres 
obtained at mip = 1, is nonetheless Significant (~ 100 units. - 
mi~!) and could itself account for development of an antiviral 
state during the 20-h test period. This consideration does not 
hold for human FS-4 cells, since little or no interferon was 
detected over the 100-fold range of multiplicities tested and _ 
illustrated in Table 2. Thus, DI-011 particles in human FS-4 
cells produced an antiviral state in the apparent absence of | 
released inferferon. The heterologous antiviral effect (challenge 
with Sindbis virus) which develops in these human cells on 
infection with DI-O11 particles indicates that the yield of ~ 
interferon from cells is but one measure of DI-011 particle 
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Table 1 Factors affecting the induction of interferon by +RNA 
DI-011 partick:s i 
Treatment 
of Interferon yield — ` 
[+] RNA DI-011 (PRs, units per 2x10" cells) 
Untreated (control) 37,000 
Actinomycin D (1 pg mi ~+) 25 
Cycloheximide (50 ug mlz?) < 20  . 
VSV antiserum* < 20% 
Heat (50 °C fpr 20 min) 33,000* 
Ultraviolett 39,000 






In all experiments an optimal multiplicity of DI-011 particles, = 


that is, phre = 1, was used to achieve maximal interferon yield as ` 


measured 24h after infection. Actinomycin D or cycloheximide 


were added to the medium immediately after PI partite attachment. 


and remained throughout the 24-h test period. The antiserum used © 
plaque-forming particle > 


during virus attachment could reduce the 
titre of a VSV Ind. stock by 99.9% in 30 min. The heat treatment 
reduced ll-killing, plaque-forming (and Virion-transcription) 
activity each by 993% (ref. 4). = 

*Treatment* with normal rabbit serum at a comparable dilution 
produced control (untreated) values of interferon. 

tFigure 4 illustrates the exact relationship between ultraviolet dose 
and interferon induction by DI-011 particles, and compares it with 
the surviving activity for infectivity (plaque formation). 
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®amounts of interferon are being produced!*, nor 





Table 2 Induction of inteacellMar inter ference against Sindbis virus 
by [+ JRNA DI-O11 particles in different cell types 


De oe 


Sindbis yirus yield (PFP ml~*) 


Multiplicity 4 

(DI-011) Primary chick Human GMK- 
embryo cells FS-4 cells Vero cells 

0 . 62x10 6.410" 94x10 

OL 1.9 x 108 12x10 41x 10° 
ł 4.9 x 10° 3.4 x 10° 1.2 x 10° 
e 10 4.4 x 108 1.2 «108 1.2 10” 

100 9.0 x 105 3.6*%108 48108 >» 





Monolayers of cells were infected with varying multiplicities of once 


gradient-purified [-+IRNA DI-011 particles. Virus attachment was 


carried out for 30 min at 37.5 °C in attachment solution?’ containing 
10 pg mi~ DEAE~dextran. Monolayers were washed three times with 
warm medium and incubated at 40.5 °C (chick cells) or 37.5 °C (FS-4 
or GMK-Vero cells} with 3 ml of medium per 60-mm dish, After 24 h, 
supernatant fluids were collected, processed, and assayed for interferon 
as described previously’®, These monolayers were washed twice with 
attachment solution and infected with wild-type Sindbis virus at 
Merp™ 5-10. Actinomycin D (1 pg ml for chick cells and 10 pg ml ~ 
for FS-4 and GMK-Vero cells) was included during virus attachment 
to prevent any further induction of interferon. Cells were washed four 
times to remove unattached virus and 3 ml of mediwm was added to 
each plate. Infected monolayers were incubated at 37.50°C for 10h 
cea supernatant fluid titred by plaque assay for the Sindbis virus 
yield. 


action on the cell; another is development of an intracellular 
antiviral state", 

However, we have not ruled out the possibility that very small 
have we 
determimed whether the reduced efficiency of inducing an 
antiviral state reflects a lowered probability of attaining a 
double-stranded configuration of [+] DI-O11 RNA in FS-4 
cellas The results with GMK-Vero cells are clear--no interferon 
is produced, nor is an antiviral state achieved by DI-Ol1 
particles in this cell which seems genotypically incapable of 
responding to inducers of interferon’*. 


Effect of [—]RNA defective interfering particles 


some standard preparations of DI particles might consist of 
both [--] and [--] ( also [+ ]?) type particles, and although 
[-- ]DI particles do not induce interferon (Fig. 1), they might 
interfere with, or enhance, the interferon-inducing capacity of 
[-: ]RNA particles. We tested this possibility by simultaneously 
infecting primary chick embryo cells with a multiplicity of 


multiplicity of a conventional [— ]DI-HR eae (Mpp == 50). 
These large numbers of [—-]RNA DI particles reduced the 
interferon-inducing capacity of DI-011 more than 10-fold, even 
though this multiplicity əf [— ]DI-HR particles had no adverse 
effect on the cells as judged by examination under phase 
contrast optics, or by counting single cells by the window 
technique'*—confirming earlier observations that these par- 


_ ticles are not intrinsically toxic?**17. We are continuing to 


study this effect. 


[+IRN4 DI-O11 particles -° 


are not intrinsically toxic . 

Because a single non-infectious particle of VSV--a defective 
- cell-killing particle—euffices to kiji a cell’, it is important to use 
highly purified populations of DI particles to test for their 
intrinsic = toxity?89!", 


Preparations of [+]RNA  DI-011 


particles gradient- Surified three times did not affect the plating 
efficiency of single GMK-Vero or chick embryo cells as tested 
~4ap.toO Mpp = 50, and so behaved like conventional [--]RNA 
= DI particles®. Multiplicities in excess of 50 [4 ]RNA DI 


Lela resulted ir ina mearuranie decrease i in plating efficiency 
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the latter, since inclusion of VSV Sen in the medium 

shortly after infection prevents the “progressive cytopathic 


effect observed in monolayer cultures infected atwipyp > 50. 


Single particle of [+]RNA 
DI-011 induces interferon ° 


Our “data indicate that a single [-:]RNA DI-O1!1 particje 
* suffices to induce a quantum yield of interferon, and does not 
kill cells. The dose (multiplicity)-response (interferon yigld) 
curve generated by DI-O11 particles fits best a model where 
cells infected with a single particle (the r =< 1 class of the 
Poisson distribution)’® synthesise and release a full yield of 
interferon, thus identifying a new attribute of these subvirions— 
their capacity to act as discrete interferon-inducing (IF) par- 
ticles. The dose-response curve also indicates that cells in- 
fected with two or more IF particles respond differently and 
yield little or no interferon. 


+ 
* 


Requirement for dsRNA ° : 


We infer that interferon induction results from the action of a 
helical structure formed from some, «if not all, of the comple- 
mentary bases which make up the covalently linked [+] 
message~[-- Janti-message single-stranded RNA of the in- 
fecting DI-Ol1 particle. In the same conditions, single DI-HR 
particles of conventional [— ]BNA composition do not induce 
interferon. Thus, at an average of about 0.3 DI particle per cell, 
[+ ]DI-Oll and [~ ]JDI-HR induce the synthesis of approxi- 
mately 25,000 and < 10 PR;, (VSV) units of interferon res- 
pectively per 2 10? aged chick embryo cells®. That a double- 
stranded RNA formed intracellularly is the putative inducer of 
interferon in cells infected with DI-Ol! can also wa inferred 
obtain polypeptides oii viral anipe alice by the 
coinfecting standard B particle of VSV. R. Lazzarini has 
shown by double isotopic labelling and coelectrophoresgis that 
the polypeptide composition of DI-O11 is identical with that of 
the parental infectious type (personal communication). DI-O11 


Fig. 4 Interferon-inducing capacity of ultraviolet-irradiated* 
DI-O11 particles. Comparison with plaque-forming particle 
activity. One-half millititre of thrice gradient-purified DJ-011 
particles and of wild-type VSV Ind. (strain MS) infectious B 
particles were added to separate 100-mm Petri dishes and 
exposed to a germicidal lamp (2,735 A) which delivered 65.4 
erg mm~? per 10 s. Samples of irradiated particles were tested 
either for interferon-inducing capacity (FP, @) as in Fig. 1, or 
for plaque-forming activity (PFP, ©). 


0.01 


Fraction of surviving activity 
{interferon yield as PR,, units ml ~$, and PFP) 


. 0.001 





250 300 350 


150 200 
Time of ultraviolet irradiation (s) 


0 50 100 


ra ° 





Nature Vol. 266 28 April 1977 


* $ 

and DI-HR particles abparently share identical polypeptides 
therefore, differing only in their content of covalently linked 
[+ Jmessage—[- Janti-message, and [— Janti-messafe RNA, 
respectively. In addition, neutralisation of the interferon- 
inducing capacity of DI-01 1 preparations with specific antiserum 
to VSV (Indiana) demonstrates that the inducer molecule gains 
entry into the cell in a particle which possesses the speciffeity of 
the*Indiana serotype, as do these DI-011 particles. 

e It will be dificult to prove directly the existence of a helical 
střucture. of [:]RNA at the level of the one molecule per cell 
presumed to form on interaction of a cell with a single 
particle sof DI-O11, particularly if once inside the cell, the 
number of base-pairs required for inducer function is as few’as 
the six to twelve reported necessary for poly(rl-poly(rC) to 
function similarly. We do not know how the inducer molecule 
assumes a functional configuration in the cell, but it seems 
likely that in aged chick embryo cells (and perhaps to a lesser 





extent in human FS-4 cells) sufficient viral nucleoprotein is 


removed from the viral ciboaucleoprotein core to permit a 
threshold amount of base pairing. Conceivably, only the [+] 
stranded moiety df the [-£]RNA functions as inducer. The high 
yield of interferon Aa on infection with only a single 
DI-011 particle, presumably one molecule of [+]RNA, makes 
it, on a molar basis; and in terms of a delivery system, the most 
efficient inducer of interferon so far discovered. 

The fact that the interferon-thducing capacity of the DI-011 
particle is not affected by heat and ultraviolet is consistent with 
the [= ]RNA’s being the molecule responsible for interferon 
induction®®, We do not know yet whether a given molecule 
of [+]RNA from DI-Ol1 can serve both as a template for 
replication, as in homotypic interference, and an inducer of 
interferon. * 


Possible role of [+]RNA ° 
particles in virus infection and disease 

The rémarkable éfficiency of the f-+]RNA DI-011 particle in 
inducing interferon and/or an antiviral state; coupled with the 
fact that interferon-mediated interference can prevent cell 
killing by VSV"™?!_ suggests that the [--]IRNA class of DI 
particle might play a part in persistent infection and viral 
disease beyond that presently postulated for its conventional 
[— ]KNA counterpart”. Involvement of the interferon system in 
persistent infection would provide a mechanism whereby cells 
can survive in the presence of lethal virus—an aspect not 
satisfactorily accounted for by present models. Thus, although a 
single DI particle can prevent completely the replication of its 
standard infectious helper virus*:*:*, it does not prevent cell 
killing by that coinfecting virus*. Furthermore, we have 
‘dtmonstrated that single cells infected with an. otherwise lethal 
dose of VSV, survive and form normal-sized colonies if, before 
infection, they have acquired an interferon-mediated antiviral 
state’. Current experiments provide evidence of a role for 
[-:]RNA DI particles in persistent infection. They demonstrate 
that pretreatment of mouse L cells with [+JRNA DI-011 
particles renders them refractory to cell killing by wild-type 
VSV, a property not shown by Taber PENR particles 
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Q0000 —398 is a high-redshift , | . ° 
quasar with a large angular size 


REDSHIFTS of Bewech 2.5 and 3.1 have been- measured for 
nifle optically-selected quasars as part of the. Cerro Tololo 
survey of the Southern Hemisphere (M. G. Smith, see ref. 1). , 
None of these quasars were known to be radio sources. We 


N 
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Holland and? Villarreal’? which are found consistently to _ 


einduction of interferon in mice by VSV??, or rabies 





a 





in the same conditions (M.J.S. and P.J.M, in RE > Ve f 
also note that the only DI particles of several types tested. by 










establish persistent infectign in BHK cells coinfected with VS 
were those derived from stocks of ts-mutant G31(IID. We have 
tested a preparation of long DI, particles prepared from thi 
mutant as supplied by E. Reichmann (obtained fr 
J. Holland), and found that it acfed as an excellent interfer 
inducer (data not shown). We also note that the P 
generation of [+]RNA_DI particles might account 


(refs 23, 24 and references contained therein). We are no 
examining different types of DI particle for their IF particle 
activity, and by implication, for the presence of TER A 
containing particles. i 

Characterisation of a closely related [+ ]RNA DI particle of. 
VSV corroborates the existence of this new class of defective 
interfering particle"*, The ease with which single molecules. of 
DI-Oll [+ ]RNA can be delivered to the cell, and their emf- 
ciency at inducing interferon synthesis and/or an:antiviral state — 
makes them new and potent tools to define and understand 
the many effects of dsRNA on cells’: 2827, : ‘ 

This reseafcth was aided partly by the Damon Runyon" l 
Walter Winchell Cancer Fund, the National Science Founda- 
tion and National Cancer Institute, and benefited from the use 
of the Cell Culture Facility supported by the National Cancer + 
Institute. We thank Drs L. Andrew Ball and Robert C. War- 
rington for their critical review of the manuscript. 

Note added in proof: We have observed that the sparing of calls 
from the lethal action of VSV (and Newcastle disease or Sindbis 
virus) which develops upon pretreatment with DI-Ol1 particles 
is obliterated completely when antiserum to interferons present 
during the pretreatment. These results provide further evidence — 
that the antiviral state induced by the DI-011 particle to. 
heterologous viruses is interferon mediated. -_ 
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point in Qur liwectioation to see if tay might not be T 
sources. We report that Q0000 —398 is a quasar of high red s: 
and large angular size. 2 

During October, 1976, 
using the three-element interferometer of the National Radio- 
Astronomy Observatory (NRAO), Green Bank, West Virginia, 


we detected two of the quasars 


* 







~ 


**In Table 1 of Baldwin et al.' the optical and radio positions are reversed. 


Source name 


Q0000— 398A 
Q0000~- 398B 
OE323A . 
OE323B 
M0758-+ 120* 


OS210A 
OS210B 


with a 300-1,200-1,500-m baseline configuration, operating at 
* 2,695 MHz. The radio map for Q0000— 398 (18 mag, z = 2.827) 
shows two weak components separated by 1344+40 arc s. If 
these components are associated with the optical object, 
e Q0000— 398 js the quasar with the largest known angular size 
at its redshift value. (Inspection of the Whitéoak extension 


Fig. 





1 Radio contour maps with synthesised beams at 2695 MHz for a, Q0000—- 398; b, 
represent optical centroids. The angular separation of the radio and optical centroids 
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-3949 


342631” 


03h13m46s 03h13m44s . 


34 2627" o 


, "Table 1 Data on quasars of considerable angular extent 
j S Measured flux Yiensity 
. 1950.0 Radio position ' Sasos Gy) 
hm S e 
00 00 29.78 (4) — 39°49% 27”. (15) 0.013 } 
00 00 27.15 (4) — 394713. (20) 0915 
< 03 13 46.19 (4) + 34 26 278 (%) 0.073 X 
-03 13 44.38 (1) + 34 26 31.1 (3) 0.135 
07 58 14.41 (1) + 12 01 42.5, C8) 0.08 
16 06 10.74 (1) + 28 56 431 (2) 0.10 
16 06 09.34 €1) + 28 57 061 (2) 0.15 










Angalar extent 


6 (are s} 


+ 
134” 


27.4 3 


` ` ¢ 
print of this area of sky shows no galaxies in this area, which 
may be emitting this radiation.) e 


The second quasar investigated, Q0049--393 (18 mag, z = 


2.94) was also detected (S2g9,== 26 mJy? where I mJy = 
10-2 W m~? Hz~), but was unresolved. 
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These two quasars were observed along with several other 


M0758-+- 120: ©, OF323 and d, OS210. Crosses 
for M0788 + 120 is about [4 arcs. 


6 
23°57'06" 
235643" 
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steep-spectrum quasarstlisted in Table 1. All of the sources 
were observed in ideal weather conditions with good hour 
angle coveragesin the u-v plane (allowing for the cénstraints 
of the elevation angle limit at low declinations, roughly +3" 
at -39°). Details fegarding the operation and characteristics of 
the interferometer are given in ref. 2. 

Results for the quasars found to have considerable afgular 
éxtént are presented in Table 1. Figures 1 a-d present cleane 
maps dt 2,695 MHz of four of the sources studied: Q0000— 398, 
OF323, M0758 +120, and OS210. Synthesised beams accom- 
pany each map. The radio component associated with M0758-- 
120 is sHifted by about 14 ares from the optical counterpart. 


Q0000-- 398 as 


a 





+ > e QE323 <r 


' .° OS210 
a + + 
è * » e d 
e e m < + * à 
»* t eo” me y 


4 04° 0.8 1.2 


Fig. 2 Angular size~redshift diagram for $5 quasars with spectral 

indices a(408~-1,415 MHz) = 0.80and {1,415-5,000 MHz): > 0.60. 

Curves a-d demonstrate the behaviour of a standard rod of 

950 kpe in Einstein-de Sitter, Milne, de Sitter (steady state) 

e and static Euclidean universes, respectively. Triangles represent 

“upper limits. A Hubble constant of Ha = 30kms7! Mpe? is 
assumed. 


Further studies are required to determine if a fainter, weaker 
radio component is present, or if the radio source is actually 
associated with the quasar. 

Assuming that quasar redshifts are comobna. Fucdinaan 
models predict that quasars with constant linear dimensions 
will exhibit a minimum angular size as a function of redshift. 
The Einstein-de Sitter model, for example, with deceleration 
parameter, gy = 1/2, predicts a minimum near z = 1.2. Wardle 
and Miley* have found’ that the maximum angular size of a 
sample of 166 quasars: decreases: with increasing redshift much 
faster than predicted by any. conventional cosmological model. 
They conclude that evolutionary effects are responsible for 
the apparent Euclidean behaviour of the upper envelope to the 


angular size redshift diagram. The large angular extent of ¢ 


Q0000 — 398, hpwever, tends to weaken this conclusion and 
suggests that a minimum may exist in the wpper ANCES 
function (see Fig. 2). . 
Additional evidence that the angular dimensions of quasars 
may exhibit a minimum is indicated by the results of Hewish 
et al.*, Their study of the angular sizes of compact components 
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Fig. 3 Linear emaan Le (kpc) against 2,695 MHz ‘specttal ae 
power (W Hz~') for Einstein—de Sitter model. Data are forthe > 
quasars in Fig. 2e Triangles represent upper limits. 
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of strongly scintillating 3CR sources shows evidence of the 
mean angular sizes increasing with higher redshift, a one 
would expect in evolving cosmological models with gy in thë- 
range of 0.5 to 2.0, Readhead and. Hewish® conclude that the 
apparent deficiency of small-diameter compact sources. at ji 
large redshifts is real and significant. g 

Although. Wardle and Miley? find no evidence for radio Oe 
selection effects as a result of the sample being selected by — 
flux density, since Q0000--398 was selected optically and hasa 
much lower flux density than most of the quasars in. their 
sample, thi® suggests that radio selection effects may be im- < 
portant. A radio selection effect can arise from samples being ~ - 
selected by flux density if the luminosity of quasars decreases a 
with increasing separation of components. nee 

The largest angular-size-quasars tend to have much steeper oS 
spectra than found for small-diameter quasars. Using the _ 
spectral-index: criteria that a(408-1,415 MHz) 20.80 and 
a(1,415-5,000 MHz) >. 0.60 (where § œ v~*) eliminates most 
small-diameter quasars as well as those with low-frequent 
cutoffs from the Wardle~Miley diagram. The remaining subset 
of 52 quasars, along with the other new data presented i 
paper, is shown in Fig. 2. Figure 3 shows the relation be 
radio luminosity at 2, 695 MHz and linear size for the 
in Fig. 2. An Einstein-dg Sitter model and a Hubble 
of 50 km s~ Mpe has been assumed. The subset of 60 qu 
shows an apparent inverse correlation (coefficient == = 
significant at the 0.01 level) between luminosity and dir 
size (2 quasars with upper limit angular sites were not included 
No correlation between lunfinosity and linear size has been 
found for quasars having either spectral index flatter than the 
criteria set above. These quasars are mofe likel% to possess 
self-absorbed. components, which may smear out any relation 
between luminosity and linear size. a 

The resylts reported here demonstrate the importance of Í 
considering radio. selection effects in the angular diame’ 
redshift diagram. Since any radio selection effects are remo 
when quasars are selected optically, more extensive map| 
programs should be undertaken, looking specifically 
large-scale structure around optically-selected, high-z, quasars. =- 
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PE aR RELEASE IAT TANS AT ET ES 


- Implications of the Viking results for 


volatile outgassing from Earth and Mars 
TUREKIAN and Clark’ have recently discussed an inhomo- 
geneous acaumulation model for terrestrial planets, have 
compared the outgassing product from % veneer of 
carbonaceous chondrites with the abundances of volatiles 
on Earth and predicted the amounts of various gases for 
Venus. The recent measurements of rare gas abundances 
on Mars by Viking’”* have prompted us to test such a model 
for Mars. We find that not only the relative abundance of 
H, C, N, *Ne, A, Kr and Xe but their total amounts can 
be best explained if the outer layers of Earth and Mars 
were made of material similar to ordinary chondrites (LL) 
as sugg@sted by Anders’, rather than carbonaceous chon- 
drites as assumed by a number of authors in recent years. 
In a non-homogeneous accretion model>™® the planet is 
supfi®sed to have accumulated from at least two different 
types of material. The accretion starts in a relatively hot 
solar nebula and therefore the inner part of the planet con- 
tains mostly high temperature condensates such as metallic 
iron, magnesium silicates, Ca-Al-Ti and rich oxides. As 
the planet grows, it is heated by the release of gravitational 
energy and if it is large enough (compare Earth and Venus) 
the proto planet becomes completely molten and liquid 
iron and nickel sink to the centre. With the passage of time 
both the proto planet and the solar nebula cé@ol and the 
growing planet can then acquire a layer of low temperature 
condensates containing relatively large amounts of volatiles 
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crust and upper mantle, adopted fron Turekian and Clark’. 
The second line shows the abundanees of these elements 
if they present outgassing from carbonacegus chondrites 
(also from Turekian and Clark). Here we normalise the 
abundances for carbon. (Assuming 3.5% toncentration by 
weight in the carbonaceous chondrites, complefe outgassing 
from®a 4-km layer of CCI would correspond to the 


eabundance of carbon on Earth). Line 3 which represents 


the ratio of Earth to CCI shows that the agreement is fat 
from satisfactory for the case of rare gases. Disparities” of 
up to a factor of 37 exists for the case of “Ne. 

A similar treatment using the volatile content of *ordinary 
chondrites (LL) rather than CCl, produces a more satis- 
factory result. Line 4 is the total°abundances of volatiles 
outgassed from a layer of ordinary chondrites, again 
normalised for carbon. Because of relatively low abundance 
of carbon (0.12%) in ordinary chondrites, line 4 represents 
outgassing products from a layer 116 km thick. The ratios 
shown in line 5 indicate a muche better *overall agreement 
for ordinary chondrites than for CCI (line 3). 

Table 2 shows a similar treatthent for Mars. Here of 
course there are more unknowns than on Earth,eespecially 
for C, N and H which may be in the surface layers rather 
than the atmosphere. We therefore follow a slightly different 
approach in constructing the table. Line 1 shows the 
abundances of rare gases, Carbon and nitrogen measured 
in the atmosphere. Line 2 shows the amounts which would 
be expected if the outgassing is from the ordinary chondrite 
type material and normalised for “A. Line 3 then shows the 
amount of volatiles which may be in the surface layers of 
Mars or have escaped the planet. 

The agreemént for Kr and Xe is reasonably good. This 
leads us to presume that such an approach to the deduction 
of the total outgassing on Mars may be valid. If so, a 
number of inferences can bg drawn from Table 2 as follows. 

(1) The total volatile inventory on Mats correspénds to 
complete outgassing from an 0.5-km layer of ordinary 
chondrites or, if the layer is ~100km thick (compare 
Earth), the outgassing has been only 0.5%, effective. . 

(2) 145 gcm™ of C corresponds to ~500 g cm” of CO». 
As only a very small amount of CO, is in the atmosphere, 
relatively large amounts (>90%,) may be in the regolith, as 
proposed earlier by Huguenin’. 

(3) 8g cm™ of nitrogen either lies buried in the surface 
or has escaped the planet’. 

(4) 66gcm™ of H corresponds to ~600gcm™ of H:O. 


Table 1 Volatiles on Earth, CCl and ordinary chondrites (g cm”) and atom ratios normalised to carbon 


aaneen 


H C 
Atmosphere, hydrosphere, crust, 
upper mantle (a)* R 35,800 52,800 
Carbonaceous chondrites (CI) (6)t 34,300 (52,800) 
Ordinary chondrites (LL) (c)t 24,200 (52,800) 
Atom ratios (a)/(b) 1.0 (1) 
Atom ratios (a)/(c) 0.7 (1) 


N 


1955 
4990 
3010 
0.4 
0.7 


Ne 3A sK r 132K e 
1.3 x 107 4.1 x107? 2.0 x107? 1.2 x 1073 
3.5« 107% 2x 1073 5.9«107- 76x10 
5.3 x107? 3.6 x 1077 52x107 * 64x107 

37 20 33 15 

2.1 1.1 3.8 1.8 


Hydrogen content data from LL ordinary chondrites taken as 0.05 ° by weight (Geiss, personal communication). 


*From rgf. 1. 
+From Yan Schmus and Hayes and Mazor ef al. quoted in ref. 1. 
tData from ref. 15. e 


such as carbon, water, nitrogen and the rare gases. If the 
upper layers could then get heated again either by the 
radioactive decay of “K, U and *’Th or by some other 
mechanism, the volatiles contained in the low temperature 
condensates can be released to the surface of the planet. 
The suggestion is that this process was responsible for the 
formation of the atmosphere and oceans of the Earth. 
Accepting this model in principle, we wish to*discuss the 
nature of condensates which can most reasonably explain 
the volatile inventory on the surface of Earth and Mars. 
Table 1 shows the total’ abundances of six volatile ele- 


a ments present in the Earth’s atmosphere, hydrosphere, 


Although the hydrogen content of the ordinary chondrite 
is the most poorly known piece of data in Table 2, it is 
interesting to note that the recent Viking results provide 
two interesting pieces of data which are relevant in this 
case. First, the surface layers of Mars seem to contain 
~1%, H:O (ref. 9). If we assume that the regolith is ~100 m 
thick this would correspond to ~2060 g cm™ of HO in the 
Martian surface. The second Viking observation relevant 
here is that the residual polar cap in the nothern hemis- 
phere i$ made of water ice. Although there are large 
uncertainties in the estimates of ice thickness in the polar 
cap, our inventory of water’ outgassing on Mars would 
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o * H 
Mars atmosphere observed _ 5.0 
Ordinary chondrite (LL) 66 145 
Volatiles Sa or on surface 66 140 





enored. If not", 
-accordingly smaller. 
jor volatiles deduced from Table 2, H:O, CO», N, 
to ~1,100gcm™. It has been suggested” that Mars 
hrough major climatic fluctuations and at times all 
-volatiles could be in the atmosphere. According to our 

inveamtory the total mass of the atmosphere in such a case 
‘would be ~1,100 gem? which, for Martian gravity, cor- 
responds to ~ 400*mbar: an asmosphere composed of ~50%, 
CO, and ~50% H:O with traces of nitrogen. 

The “A degassing problem is a very different question 
than thateof general outgassing of the planet (such as CO», 
H:O, rare gases and Nə. “A is a radiogenic product of 
“K and was nearly completely absent in the earlier stage of 
planetary formation (its degassing should be a function of 
its production and could be continuing at the present time 
(compare the Moon)”. 

Viking measurements showed an “A/**As ratio in the 
Martian atmosphere 10 times greater than the ratio in the 
Earth's atmosphere’. Soil sample analyses’ give an upper 
limit for the potassium concentration at the surface of 
mee (compared with the potassium c8ncentration of 

%, (ref. 1) in the Earth’s crust). 

= calculated the necessary thickness of a layer kr 
account for the observed quantity of Ar in the Martian 
atmosphere assufhing two different values forthe potassium 
concentration: 0.25% which is upper limit from Viking 
experiments and 0.08% which is the concentration in 
ordinary chondrites (LL). We find that layers of 2.5 km and 
8km respectively can account for the results of Viking 
measurements. These thicknesses are to be compared to 
the half-kilometre thickness calculated by us previously to 
account for the other volatiles (Table 2). This difference 
implies a different mechanism for outgassing of FA com- 
pared with the rest of Martian atmosphere. 

The fact that the absolute amount of “A in the atmos- 
phere of Mars could be explained by ~10 times less K in 
the upper layers of Mars than on the Earth, is interesting. 
“f implies that the upper layers of Mars have not been sub- 
stantially enriched in K and other radioactive elements 
perhaps because of the absence of extensive melting in the 
interior of Mars during its formation. 


the eis cap thickness 
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Magnetic observations of the solar = 
eclipse of 23 October 1976 in Australia. 
SOLAR eclipses may cause geomagnetic effects by disturbing the o 


flow of electric currents in the ionosphere'?, and a number ofo 
observations of this phenomenon have been made in recent 


years?*. To monitor any magnetic effects of theeclipse of 23. 


October 1976,%ve operated recording magnetometers at 10 sites in : 
central anf eastern Australia (Fig. 1); these instruments were in 


addition to the regular observatories of the Bureau of Mineral 
Resources near Perth and Melbourne. We present here a pre- i 
liminary analysis of the declination variations recordedinthepath — 


of totality at stations H (Millicent, S.A.) and J (Merimbula, 5 : 
N.S.W.). a 
The recording instruments were Gough-Reitzel variometers®, a 


set to take readings at intervals of 10 s, Because any eclipse effe@® 
was expected, on elementary grounds, to be mainly in the 
declination component, the declination sensors of the instruments: 
were increased in sensitivity by a factor of four above their normal 


level. Timing of the 10-5 readings (on film) was estimatedsto be ae 
accurate to within a few seconds. pe 
The day of 23 October 1976 proved to be magnetically quiet in a 


the declination component. Minor activity occurred at O7ILh 


Universal Time (UT), about 30 min after eclipse totality had 


passed. The declination records for stations H and J have been a 
digitised at 10-s intervals for a 4-h period centred on the eclipse, 


normalised by calibration factors, and are shown plotted in Fig: 2. a 


Fig. 1 Sites of recording magnetometers operated to monitor the 23 
October 1976 eclipse. Site H is Millicent Airfield (lat. 37°35'S. long. 
140°22’E). Site Jis Merimbula Airfield (lat. 36°55°S, long. 149° 53 Byes 


amanenna nine nent 


e a a a 
. 150° et 







+ . ry 
© Recording magnetometer 


t reat i 
nae a a een veniame ener! mn ronc mts 
EM 





































R Oem: 
Also shown in Fig. 2°is the difference between them, subtracting 
trace J from trace H. ° 

Natural electromagnetic induction in south-east Australia has 
been well studied by two previous nfagnetometer array experi- 
mentsé”, which showed the coast effect to be strong in the vertical 
component of magnetic fluctdations, but to be negligible in the 
declination component. Thu’, stations H and J were placed at 
opposite coastlines to achieve the greatest time difference between 
them for the passage of eclipse totality. The previous array studies 
ha¥e also shown that magnetic substorms and similar events occur 
near-simultaneously across the area, but that the quiet daily 
variation moves across with local solar time. 

Thus, in Figs 2a and 24 one may expect to see: a background 
quiet daily variation, with station H lagging behind station J by 
38 min; possibly some substorm activity occurring simultaneously 
at Hand J; and an eclipse signal moving rapidly from H to J. In Fig. 


* 


Fig. 2 a, The declination record for site H. b, The declination record 
for site J. c, H-record minus J-record. All records are plotted relative 
to arbitrary zeros. Amplitude conversion factors are 6.4nT per 
minute of arg for station H, and 6.8 nT per minute of arc for station J. 


e 
50) 
Va i 
we 
2nd 3rd 4th contacts 
0700 DROO UT 
ee ee a eed 
1600 1700 
¢ 
2nd3rd dth contacts 
“poorer BDR AE 
0500 + 0600 0700 0800 iT 
Ey EEEE AAE l 
g: 15300 1600 1700 Local solar time 
i 1 i Fi d 
4 : 
nt | 
0 m 
d ae 
0500 0600 0700 0800 UT 









66 28 April 1977 


` 4 i e, > 


Nature Vol. 26 


2c, where the traces are subtracted, the, ¢ffect of the substorm 
activity sould disappear to first order, and ope may expect to see 
the daily variation subtracted from itself 38 min out of phase to 
give a smooth curve of amplitude approximately 5 nT, and some 
interference effect between the eclipse signals at H and J. It is 
significant that the activity starting at 0711 UT has indeed largely 


cancelled itself out in Fig. 2c. a 


The signal causing a depression in the declination traces at abouy 
0638 UT is of interest as a possible eclipse effect. because: (19 it 
occurs at the time of the eclipse; (2) it does not cancel itself out in 
Fig. 2c as does the activity of 0711 UT: to be so strongly non- 
uniform it must be of local origin: and (3) itis of the correct sign, 
and order of magnitude, to be expected for the effect of an eclipse?. 
Several aspects inconsistent with a simple eclipse model should be 
pointed out, however: (1) the signal at 0638 Uf is not of the same 
strength at stations H and J; (2) it has not moved from west tọ east 
at the known rate of the centre of eclipse tatality on the ground: 
and (3) it starts gradually but ends abguptly. . 

Digitisation of the records obtained at the other stations will be 
undertaken and a more comprehensive report $ planned. 

We thank J. Styles for assistance withthe field-work and M. N. 
Sloane for assistance with the data reduction. 
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Magnetic superleaks i 


Two new natural materials which behave as superleaks to 
superfluid ‘He and also have magnetic properties are 
described here. In the search for magnetic superleaks the 
first choice was, obviously, a highly magnetic material such 
as a manufactured ferrite which has the advantage that its 
porosity is very uniform. We tested such a material but 
apparently not at a low enough temperature to be able jo 
detect any onset point for the superfluid “He. The pores or 
gap distances must be extremely small’. Second, natural 
magnetic materials, among which the most obvious were 
different types of the so-called magnetites, were tested. Two 
magnetites of apparently quite different origin have been 
tested with superfluid “He. One from the south-east of 
Argentina, Provinc® of Rio Negro about 41°S latitude and 
about 30km from the Atlantic Ocean (sample A) and 
another of unknown origin taken at random from the 
Mining Department of the University of Delft (sample B). 
An X-ray diffraction analysis of these two samples gave the 
following components: For sample A, haematite (Fe.O;) 
(ferromagnetic), magnetite (FeO) (ferrimagnetic), mica 
and garnet [(Mg,Fe);Al(SiO,):] (paramagnetic) and for 
sample B, mainly magnetite (Fe;O,) (ferrimagnetic) and 
chlorite, a sheet silicate [(Mg,Fe),AISixO:;](OH)s (para- 
magnetic). Both samples are anisotrepic aggregates and the 
magnetic charactegistics are given at room temperature. 
The method already described’ to determine the onset 
temperatures Sf superleaks was used. A cafbon sensor as a 
detector” of the superfluid rests on the surface of a flat 
superleak inside a cell, When the superfluid through the 


* superleak finally reaches the sensor, a noticeable jump in 


its resistance value is noted. This method has the advantage 


7. 2 
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© 
over the eta meod inai no direct observations of 
the liquid helium level are necessary, difficulties gnherent 
in an optical @ryc$tat. 

The obtained onset temperatures are: for sample A 
1.57 K and for sample B 1.72 K. Applying the well-known 
expressions’ of Ginzburg and Pitaevskii and of Mamaladze, 
the values for the gap width were obtained, respectively: 


for “sample A, 36A and 24A and for sample B, 42A and¢ 


29A. Note that for superleaks made of natural materials 
the values of the onset temperatures are only approximate 
since they vary from different samples of the same material 
because of the non- uniformity of the diameters of the pores 
or gap widths. Also, with these measurements, there is a 
real doubt that the superleak is really a superleak. For 
instance, the way in which the superleak is fixed to the 
system, whether it is soldered to the glass of a cell or fixed 
with an indium wire gasket, might present microscopic 
leaks. Also it is impossible to apply any kind of reliable leak 
detection to a superleak® It Is, however, possible to over- 
come that doubt,with a,reasonable number of observations 
and, as far as possible, mounting and dismounting the 
same sample to observe the reproducibility of the measure- 
ments. 

The search for magnetic superleaks had its origin in the 
anisotropic magnetic superfluig phases of liquid “He recently 
found. The application of magnetic superleaks to the 
peculiar anisotropic magnetic superfluid phases of liquid 
‘He at very low temperatures’ might be relevant. How- 
ever, to check magnetic superleaks in the anisotropic super- 
fluid phases of “He will not be easy. In that physical situa- 
tion those phases would be influenced by. an adequately 
magnetised finite geometry medium, not necessarily those 
described here, which they filled, since below the transition 
temperatures the liquid has the properties of a superfluid 
and bas magnetic propertiesse compared with those of 
nematic liquid crystals. 

I thank Dr A. J. Leggett for valuable and encouraging 
remarks about the potential implications of a magnetic 
superleak in the superfluid phases of “He. Thanks are given 
to Dr R. A. Kiihnel for the X-ray diffraction analysis and 
to Mg J. G. Krom for helping with the measurements. 
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Towards a theory of 
stochastic vorticity-augmentation 


THE mechanism of genesis of atmospheric tornado-like vortices 
is not yet known, although the hydrodynamic mechanism of a 
mature tornado is reasonably well understood thanks to recent 
research efforts. This lack of understanding of the physics of 
tornado genesis has been a great handicap in attempts to avert 
tornado occurrences. I present here a new hypothesis to account 
for the formation of tornadoes. 

The hypothesis is based on the observation that ihunderstóirm 
associated tornadoes almost invariably occurein the environ-* 
ment of an intensely (vertically) sheared horizontal »wind, say 
Vz) which is penetrated by a vertical columnar jet-draught 


along the z-axis. It is easily recognised that the vertically , 


sheared wind field could serve as an abundant source of 


LN 


+ 
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ambient vorticity; nonetheless a casual theoretical considera- 
tion? of such a wind-jet interaction does not lead to a net gain 
of axial vorticity (œ) for the vertical jet at the expense of the 
horizontal vorticity (@, =e~¢@V,/dz) according to the. Helm- 
holtz vorticity tran$port equation: 


GO: oy 4 Te y ee OV, (1) 
dt * ox Oey | “Oz anor 


‘Assuming ĝ/ðz < 0/éy. A closer examination of the present 


wind-jet interaction, taking into account the resulting rañdom 


lateral deflections of the jet caused by the alternating vortex 


sheddings in the wake of the cross-wind. over the jet*?, shows 
that random sharp velocity gradients (@¢V,/dy) are induced at 
the boundary of the random impulsively oscillating jet. This 
random input (@,@V,/éy) in equation (1) converts the latter into 


a stochastic differential equation having the axial vorticity (@,) . 


as the output function. It is this stochastic vorticity transfer 
process that is considered herein as primarily responsible for 
starting a columnar vortex leading eventually to a mature 


tornado vortex after the pendant funnel extending down. from e 


the cloud base to the ground. 

In this presént study of the wind-jet interaction, I have con- 
structed an extremely simplified model with only bare essential 
physics. For instance the entrainment which accounts for the 
incorporation of the ambient air into the jet is not taken into 
account. The hydrodynamic problem here is the determination 
of the probable increments of the jet axial vorticity due to the 


induced random input (wð V,/éy) as a consequence of the ran- - 


dom lateral displacement of the jet which can be viewed as ? | 


beam in Brownian motion’. Recognising the filamentary struc- 
ture in a vortex jetë and even in the fine scales of turbulent 
flows®, we envisage the jet as a bundle of vortex filaments along 
the jet axis (z) which faces a vertically sheared horizonta#wind 
along the x-axis thus shedding alternating vortices on each side 
and, in so doing, inducing alternating hydrodynamic Magnus 
forces (along y-axis) on the jet. It can be shown that this many- 
filament system constitutes essentially a system of coupled 
nonlinear oscillators’, under the influence of a high-frequency 
harmonic forces, which therefore oscillates as though a random 


force were acting on it’-*. The present many-body system is — 


subdivided into a subsystem, namely a filament, and its environ- 
ment. The®influence of the environment on the subsystem is 
treated in a way similar that of a heat bath of statistical 
mechanics except that instead of a random force? we have ran- 
dom vorticity impulse with stochastic properties supposedly 
given. In this way the equation governing the growth of axial 
vorticity for the total system is reduced to that for the subsystem 
alone with the quantity ©, in equation (1) representing. an 
unnormalised axial vorticity at a sample point (0) of the. test 
filament; the quantity (@,0V,/éy), an effective random vorticity 
impulses at the point o. We have thus a one-dimensional model 


neglecting the feedback and damping of the vortex-jet disturb- 


ances. 


Consider a surface velocity gradient (¢V,/ey), depicted: by. the 


simplest plausible stationary function known as the ran 
telegraphic signals with values +A and —A alternately y as 
shown in Fig. 1 where Aa(?) = 0,(2V,/2y) and lanl =. Th 


probability of switching over the signal from one value to its” 
° i a 


e 
Fig. 1 Sample function of the (+A, —A) random telegraph 
signal (Aalt), t>0) > . 
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opposite is assumedto Be goyerned by a Poisson distribution at 
a mean rate of ps7) 

The incremental axial vorticity can be obtained from 
equation (1): ° g 


(2) 


The ensemble average of the squared incremental axial vorticity 
is given by”? 

d 
<(A@At)]> = A?t [7 <afo)a(s)> ds (35 
the integrand <a(e)a(s)> denotes the correlation function of the 
Stationary random function a(t) and is equal to exp (2p 151). 
Thus: 

<fA@A1)]}> = 0,2(0V,/oy)ot po (4) 
which gives the important parameter depicting the stochastic 
growth rate of the columnar axial vorticity of a vortex filament 
of the jet. 

The more*detailed probabilistic information js given by the 
probability P(A, )d(Aq@,) that the increment Aw, at time 
t lies between Aw, and Aw,*%d(Aq,). Recognising the 
Markovian nature of the stochastic process herein, we can 
determine the probability density P(Aw,,t) by solving its 
governing equation in the form of a driftless Fokker-Planck 
equation for diffusion® and obtain the Gaussian distribution: 


PAo, À = (4DAN exp [—-(Ao,)*/4D1]) 6) 


where DS ((Aw,)2>/2t. If a critical value for Aa, is 
prescribed, say (Aw,)* = B+/<(Aq,)*>, for large B, 


P{Aw@, > (A@,)*]~ (27)? Bo exp (— B?/2) (6) 


In conclusion, a new cause of vorticity transfer between an 
ambient sheared-wind and a transverse-penetrating jet is pro- 
posed for which an elementary one-dimensional theory is 
formulated. It points out the relevant quantities to be deter- 
mined, theoretically or experimentally, in describing the present 
stochastic mode of vorticity-augmentation. 

This work was supported by NASA. 
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Theoretical eyidence for 
‘metastable cyclic ozone 
OZONE is a vital component of the atmosphere. Knowledge 
of its properties is important to the understanding of its in- 
yolvement in chemical and photo-induced reactions which can 


fect the stability of the ozone concentration in the upper 
| pae The reactivity "of ozone and its unusually low 


re difficult to reconcile with an apparently multiply bonded 
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symmetric bent structure. This me iat to speculations 2 con- 
cerning gilternative forms of ozone such as the equilateral 
triangular cyclic form (isoelectronic wWith® cyclopropane) 
from which facile partial dissociation could be envisioned. 
To have an important role such a form would presumably 
need to be thermally accessible from the ground’ state and 
bound with respect to partial dissociation. The spectroscopic 
structure determination of the symmetric bent ground state! rang 
has been finalised’? (r, (O-O) 127.1 pm, angle 116.8°), and 
there was recently experimental confirmation'™’? of excited 
states of this species!®~1*?? which are bound with respect to 
dissociation, including the predicted *B, state'?~'"**. Investi- 
gations of bound excited states which are stable to partial 
dissociation have been stimulated by the sequential observation 
during O, radiolysis experimentst? 151 of two short-lived 
‘ozone precursors’ O," and O,° following recombination of 
ground state O, and O. O,’ may be vibrationally excited 
ground state ozone, whereas the O," precursor which shows 
absorption? at ~ 315 nm in tHe ulfraviolet (and possibly”! the 
emission observed at 1500 cm inthe infgared) has not yet 
been given an identity beyond an apparent lifetime of 5 ps. 
The speciés showing the single infrared emission” is “interesting 
as D,a cyclic ozone is expected to show one (degenerate) 
infrared active fundamental, fewer than any alternative struc- 
ture. Theoretical evidence for,the stability of cyclic ozone has 
been conflicting. In 1973 Wright! calculated it to be 26kJ 
mol! more stable than the ground state; in 1972 and 1975 
Hay et al.'*®2 calculated it to be less stable by ~ 150 kJ 
mol~! (that is, above partial dissociation energy AH° = 101 kJ 
mol~) and in 1974 Shih et alt have concluded it is 63 kJ 
mol~! above the ground state. Shih er al. “ have recognised 
that considerable uncertainty still exists in their computation 
om total and relative energies, and their calculated ground 
state structural parameters differ significantly from experiment. 
We have reinvestigated the relative stability of cyclic ozgne and 
symmetric bent ozone and have obtained a total energy for 
the ground state of - 224.7710 hartree which is 471 kJ mol 
lower than the previous best model wavefunction of Hay 
et al,4* who predicted cyclic ozone to be above dissociation. 
In other words, the relative shortcoming in total energy in all 
previous computations on each conformer has been around 
five times the key energy difference between ground state ozone 
and the partial dissociation products, AH°® = 101 kJ mol. 
The computed optimum geometric parameters (bond length 
re = 126.4pm and bond angle a, = 117.3°) are sufficiently 
close to the experimental values to lend some confidence to 
our model wavefunctions in regard to structural predictions. 
The corresponding wavefunction for cyclic ozone has an energy 
ae of— 224.7637 hartree at an optimum bond length of 


i the energy of the local minima on dhe ozone ground state 
conformation hypersurface is less than one fifth.of the partial 
dissociation energy. We, therefore, confidently predict the 
existence of a bound species of ozone having an equilateral 
triangle conformatien. We believe this species may be ‘the 
O,” precursor, which in the experiments referred to??? is 
presumably vibrationally excited. 

Our disagreement with Hay et al? regarding the stability 
of the cyclic conformer has a number of origins. Hay et al. 
seem not to have optimised molecular geometries using their 
best bases and their best correlated wavefunctions, and have 
apparently omitted polarisation basis functions in any study 
of the cyclic conformer The basis sets we used are comparable 
to the best previously used at the Hartree Fock level Ey, (bent, 
SCF optimised geometry) — 224.314 hartree, Ey, (bent, CEPA 
optimised geometry) ~— 224.3058 hartree and Enr (cyclic, 
CEPA optimised geometry) ~- 224.3011 hartree. The signi- 
ficantly lower ‘final conformational energies Wwe have obtained 
despite the fact that our basis is not designed to obtain inner 
‘Atomic’ correlation effects is due to the use of a pair natural 
orbital (PNO) basis which is designed to optimise the con- 
figuration expansion convergence. We used ~ 750 PNO con- 


x. * 
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figurations in our final Cei o on each conformer, E 
is equivalent to 1-2710 canonical configurations pased on 
HF orbitals. * °, 

Our computer modelling of the wavefunction of each ozone 
species was jntended to reduce previous basis set and geometry- 
optimisation limitations, taking the following course: 

(1) Initial optimised geometries for each species were obtained 
from a survey of the surface (1014 points)?* using simple* 

Independent particle SCF wavefunctions based on atomic 
STO-3G basis augmented with sets of single component 
gaussian bond functions between each pair of oxygens (3 
sets). The bond function sets comprised one s gaussian and 
three p gaussians all of which were single gaussian fits to 
corresponding Slater functions. of exponent & = 1.1. These 
bond functions afforded : some valence deformation and polari- 
zation. 

(2) With these geometries, ae and flexible atomic oxygen basis 
(s, 5p) —> [5, 1, J, “1, 1; 3,2] in standard notation; ref. 24} 
were situated at each nucleus, and three equivalent sets of mid- 
bond bond funcYons fgg each species were optimised at the 
SCF level by varying the characteristic Slater exponent for the 
sets (Eon: (ground state) = 1.87, Eo (cyclic) = 1.95). 
(3) With the partially optimised set of 45 expansion functions so 
obtained (data to be published, P.G.B.) for each species, the 
valence SCF molecular orbitalg were subject to a localisation 
procedure and the many-body effects of electron correlation 
among the valence electrons was estimated by following the 
CEPA-PNO procedure of Meyer® and Ahtfrichs et al.. 
At this stage correlation. interaction between pairs only be- 
longing to the same atom as well as the intrapair correlation 
were taken into account (yielding 57 sets of pair natural orbitals). 

(4) Using the incomplete CEPA-PNO wavefunctions, geometric 
parameters were reoptimised (small changes resulted) yieldeng 
the values quoted above. 

(5) Fyll valence CEPA-PNO gorrelation energy corrections 
were obtained for each reoptimised geometry species (including 
81 sets of pair natural orbitals) yielding the respective energies 
for the ground state and cyclic ozone quoted above. The 
‘CEPA-PNO energy difference of 19.2kJ mol favouring 
symmetric bent ozone is paralleled by the corresponding 
PNO-CH= difference calculated by us of 15.8 kJ mol ~. 

We believe that limitations in our model due to incomplete 
basis sets and neglect of core and core-valence correlation will 
affect our computations of relative energies by less than 20 kJ 
mol~', and that further refinement of the wavefunctions for 
each species will not affect our prediction of the existence and 
stability of cyclic ozone. 

e. We expect cyclic ozone to be involved in ozone reaction 
kinetics and atmosphere chemistry where inclusion of its role 
may improve atmospheric modelling”. In interstellar gas 
clouds such a metastable species might be expected to be 
trapped by-slow collisional deactivation. The absence of a 
permanent dipole moment, however, is against the usual 
methods of detection of pure rotational transitions which would 
provide the best confirmation of the identity of cyclic ozone. 

We are working to calculate the spectroscopic and other 
properties of cyclic ozone. 

We thank Professor R. Ahlrichs for the CEPA program. 
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High absorption efficiency 
for ingested plutonium in crabs 


ALTHOUGH nfarine organisms have been strongly implicated 
in the biégeothemical cyele of plutonium, there is disagree- 
ment as to whether they can assimilate it efficiently’~’. We 
have examined the fate of plutonium in a single, worm-crab * 
food chain after ingestion of the isotope which had been 
metabolically incorporated into the predator’s food. Con- | 
trary to absorption efficiencies of tenths to hundredths of | 
1% derived from studies with vertebrates*’, our results 
show that relatively large fractions of plutonium are readil? 
absorbed from ingested food and incorporated €nto the 
predator’s tissues. | 

The radioisotope *’Pu was used in. all experiments... The 
advantages of using Pu tracer to study environmental 
kinetics of "Pu have been discussed by others*"*: The 
relatively high specific activity of this isotope facilitates the 
use of amounts of plutonium similar to the levels found in 
the environment. Tracer solutions were prepared by adding 
sufficient *’Pu in either the +4 or +6 oxidation state to 
50 ml cotton-filtered seawater to give a concentration of 
approximately 8 nCiml™. Polychaete worms (Nereis diversi- 
color) were exposed to labelled seawater for several days, 
thoroughl¢ rinsed and whole-body counted for **’Pu activity 
as described previously’. In the first series of experiments 
six individual shore crabs (Carcinus maenas) received two 
to three contaminated Nereis and were whole-body counted 
immediately, replaced in their individual aquaria with run- 
ning seawater (=18°C) and given sufficient unlabelled 
worms to ingest throughout the experiment. The crabs were - 
whole-body counted periodically to measure excretion of- 
the radionuclide, and at the same time their faecal pellets- 
were filtered from. the water and monitored for Pu to 
assess defaecation as a route of elimination. At prescribed — 
times, individuals were dissected to show the distribution ~ 
of residual Pu. In a second series of experiments, two. 
large edible crabs (Cancer pagurus) ingested four separati 
rations of labelled worms within 48 hand were shbseque 
maintained® for. 3 weeks in conditions similar to tho 
already described. The size of Cancer prohibited whole” 
body counting and the elimination was estimated from the 
knowledge of *"Pu ingested, lost by defaecation and re- 
tained in the various tissues. 

Figure 1 shows the plutonium whdle-bod%& elimination mo 
patterns displayed by Carcinus. The initial rapid loss not 
during the first 2-4 d represented gut clearance of unassimi 
lated plutonium. This was verified by analysis of faecal © 
pellets; during this period approximatety 90% of whole- 
body loss occurred through defaecation. The fraction of 
total loss du to defaecation then decreased markedly from 
90 to 40%, suggesting the increasing importance of soluable 
excretion processes. This period corresponded to the phase 
























Aaa which eholealy eli ination proceeded at a much 

< slower, nearly exponential rate (solid lines in Fig. 1). This 

< phase represents loss of that fraction of plutonium absorbed 

- from the food: extrapolation of this component to day 0 

-facilitates estimation of absorption efficlincy. The high 

-© values for the six individualss from about 20-60%, were not 
expected in view of results from previously published verte- 
brate studies’, and we are unaware of comparable data 
for invertebrates. a 
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Fig. 1 Elimination of **’Pu after single ingestion of labelled 
worms by six individual Carcinus. Assimilation coefficients for 
“Pu were estimated by resolving the different components of the 
loss curves using standard mathematical methods routinely used 
in. ratioecological studies'*~'*, The loss curves are treated as a 
two component elimination system described by the expression 
Ay=Ao{aye*" +-a,e~**'), where A, is the whole-body radio- 
activity at time z, and A, is the initial whole-body radioactivity 
immediately following ingestion of labelled food. a, represents 
‘the fraction of unassimilated ?*’Pu eliminated at a rate A,: a, is 
that fraction of assimilated **’Pu eliminated at rate ka; a, 
(absorption efficiency in our study) is determined graphically by 
extrapolation of the linear part of the long component (solid 
line) to time zero. Enhanced elimination of the assimilated 
#27Pu noted in three individuals after about 12-14 days is assumed 
to bea reflection of increased metabolic rate probably associated 
with.a given stage of the intermoult cycle; therefore these data 
were not included when fitting the longer component by a least 
squares estimate. 


Dissections indicated that the plutonium absorbed from 
the food had become distributed within the crabs. In most 
cases the largest fraction (43-85%) was in the hepato- 

- pancreas which serves*as the digestive gland. Lesser 
amounts were in other tissues such as shell (8-43%), and in 
muscle and gill (5-10%). "Pu was at or below the detec- 
tion limit in stomach, gut and haemolymph. In the second 

_ experiment a larger crab, Cancer, was given more Pu to 

-facilitate measurement. Because of the experimental design 

E it was not possible to estimate absosption efficiency; how- 

ever, it wa$ undoubtedly high, for 12 and 41° o of ingested 

‘et 6 and +4 Pu, respectively, was retained if the tissues 
“at the time of dissection. The relative distribution of the 

radionuclide among the tissues gof Cancer generally con- 
“firmed that noted: with the shore crabs. 

3 ` Concentrations (c.p.m. per g wet mass) of residual apy 
‘both: crabs were by far the highest in hepatopancreas, 

less in gill, stomach, shell and muscle. Certain trace 
ments’ and radionuclides” are absorbed from ingested 
yí -and can eer epee to vee es in crustacean 
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which either had been contaminated în ‘the environment™ 
or had accumulated the radionuclide “directly from water 
in laboratory studies’. ; 2 

Reports''"'*" have emphasised the need for more informa- 
tion on transuranic transfer coefficients between various 
links in marine food chains to predict total amounts poten- 
ape available to man. We have examined this aspect, in, 

a simple, two-step invertebrate food chain and have found 
that Pu naturally incorporated into food can be assimilated” 
into the predator’s tissues with efficiencies several orders 
of magnitude higher than those characteristic of mam- 
malian systems. The difference in absorption efficiencies 
between mammals and marine crustaceans is most likely a 
result of differences in digestive physiology; it is, however, 
conceivable that the way the radionuclide was administered 
influenced the degree of assimilation. Alfhough only data 
for crabs are reported here, similar experiments carried out 
in our laboratory suggest that high plitonium absorption 
efficiency is also common to*othér marine invertebrates. 
Thus, it is possible that data ingjcating, extremely low 
gastrointestinal absorption of plutonium by vertebrates are 
not applicable to species comprising the bulk of the marine 
biomass. 

The International Laboratory of Marine Radioactivity 
operates under a tripartite agreement between the Inter- 
national Atomic Energy Agency, the Government of the 
Principality of Monaco and the Oceanographic Institute at 
Monaco. e 
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When is sex environmentally determined ? 


THERE are several sex determining mechanisms which produce 
two sexes in a population (dioecy or gonochorism)'"*. In many of 
these, the offspring’s sex is determined at or before conception, as 
ein male or female heterogamety. In sevesal organisms, however, 
the Offspring’s sex isadetermined later than conception, by some 
Environmental influence upon the offspring. We con sider here why 
"these environmental mechanisms have been maintained; that is, 
why have they not been replaced with an alternative system that 
determines sex at conception? We propose that labile sex de- 
* termination (not fixed at conception) is favoured by natural 
selection when an individual's fitness (as a male or female) is 
ce. % 
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strongly influenced by tnvironmental conditions and here the 
individual haselittte control over which environmeht it will 
experience. Our argument also applies to sex expression in 
hermaphrodites®”. 

The basis ôf a theory of labile sex determination lies with two 
principles, first noted by Fisher®, who applied them to sef ratio 
evofution: (1) both sexes contribute autosomal genes equally to thee 
next geheration, that is, everyone has a mother anda father, and (2) 
the fitness of an individual is measured relative to others of the 
same sex. Relative fitness is the ratio of an individual’s actual 
fitness (stirvival x fertility) to the average fitness in that sex and 
must account for the relative abundances of both sexes. Selection 
thus favours the ability of'a parent or offspring to manipulate the 
sex ratio to result in offspring with the highest fitness in each sex?. 

Toillustrate, if arfindividual finds itselfin an environment where 
it car? become a below average female or an above average male, 
selection will favour its becoming male because it can pass on more 
of its genes than if it were female. Selection may therefore favour 
‘environmental sex determination’ (ESD) because of the control it 
allows an individual. Whgn sex is determined at conception, the 
individual*no longer has this control but.can begin ‘developing 
into’ its sex immediately. Early. development of sex allows an 
individual to become a better male or female and is probably the 
major advantage of genotypic sex determination. 

Selection should-most strongly favour ESD when (1) the 
offspring enters an environment, away from the parent, which has 
a large effect on its lifetime fitness; this environment is patchy, 
some patches conferring more ofan advantage to females than to 
males and vice versa; and (2) the offspring and parent have little 
control (or predictive ability) over which patch type the offspring 
enters. These conditions make it unfavourable-t& determine sex at 
conception because of the possibility that. a male will enter a patgh 
that is much more favourable for a female, or the reverse. 

There are several ways in which. qn environment may be ‘patchy’ 
relativé to the selective value of being a male or a female. (1) There 
is local competition for mates. If an area has a high concentration 
of females and a low concentration of males, then an individual 
enjoys the greatest success when it is a male. (2) Resources may 
have differential value to males or females, and they may be patchy 
in distribution. Ifan offspring must garnish most of its resources in 
a restricted environment, and if there is a sex difference in the 
advantage of the resource, then the offspring should become the 
sex which benefits the most under the circumstances. Resources 
which may have differential value to sex function include sunlight 
(in planjs) and other nutrients for growth (a large size is often more 
advantageous to one sex than the other). (3) Predation (or other 
mortality sources) may be patchy and could be sex specific. 

*The inability of the parent’ or offspring to choose a patch type 
also has a major role in favouring ESD. If an offspring can choose 
its patch, sex can be determined at conception and the offspring 
enters the patch that will give its sex the highest fitness. Inability to 
choose patch type will often be correlated with immobility; 
however, parental mobility does not preclude ESD. If parents 
deposit offspring in (or offspring enter) envjronments from which 
they cannot escape ng some crucial stage of development, 
selection may favou onmental mechanism when the 
parent or offspring o evaluate the patch type prior to 
entry. In contrast, if? arent can evaluate the patch (but the 

„Selection may favour parental ability to 









offspring cannot leave it), : 
match the sex of the offspring to the appropriate patch. Such 
mechanisms occur among parasitic Hymenoptera! !!, 
Environmental sex determination is known in several plants and 
animals, and these seem to fulfil the expected characteristics. 
Many species of nematodes which parasitise insects (family 


Mermithidae) and somé which parasitise plants (genera Melo- e 


idogyne and Heterodera) are believed to hav@ESD?+!2-14, The life 
histories are basigally alike: young (eggs) are either deposited ona 
host or they locate a host and enter. The larvae attain almost adult 
sizè while in the host. Adults (at least males) leave and mate outside 
the host!#:15, . 

The sex of the nematode is determined after entering the host, 
and sex ratio varies with parasite Say inside the host. High 


: o) 


g $ as f 
density results,in an abundance Of males, whereas low density. : 
results in mostly females?!?"'4, Large size is apparently more `: 
important to female than tẹ male fitness (females are universally 
the larger sex in nenfatodes). Thus a juvenile in a crowded host will 
not be able to attain a large size; it can become an average maleora 
below average female: selection should favour it becoming the 
male. In uncrowded hosts, an individual gains more asa female: 

Among marine invertebrates, ESD is known in Bonellia (an 
echiurid), and several parasitic isopods (for example, Sieg j~ 
pPhryxusandTone)™>16. These organisms usually have dwarf males _ 
which live on the female. Larvae are planktonic and adults are ` 
immobile (Bonellia) or are restricted to the host. Larvae that setth 
alone become females, those that attach to females become males. 
In these, the resource of strongest. sex-dependent value is theo 
female, because of the ability of the male to remain small, live upon 
her and fertilise her eggs. The example of parasitic males partially 
violates the condition that the organism be unable to choose patch 
type. A larva that encounters a female can probably choose to 
avoid settling on her. Despite this, the absence of choice still largely.’ 
applies because all larvae presumably do not encounter females(or © 
do not have the choice to). Therefore, a larva that glifferentiated u 
into a male tod early would not be guaranteed to encounter a 
female. ° >» ° 

Sex may also be environmentally determined in monstrillid 
crustaceans!*. These parasitic copepods have life cycles similarto * 
the nematodes discussed above in that the adults are free‘and © 
mobile, and most of the larval growth takes place inside the host. 

As in nematodes, crowding in the host results in a preponderance 
of males. j 

Among higher plants, there are numerous examples ofdioeciou® 
species where some individuals change sex between s@isons of 
reproductive activity+ 57; this provides evidence for the wide- 
spread occurrence of ESD ina group where it was previously given 
very little attention!®!°, Also, there are many cases whereemale 
and female plants occupy different habitats, suggesting ESD or 
perhaps differential mortality by sex!”. 

Several well-documented examples of plants with ESD are 
orchids of the genera Cycnoches and Catasetum?°?), Sunlight 
seems to be the resource which is differentially beneficial. Plants 
grown in bright sunlight become female, those grown in shade 
become male. Also, larger plants tend to be female. It is not clear 
why sunlight is more important to femaleness than to maleness 
(why should it be more important to seed production than pollen 
production ?), but the pattern is well documented. 

The arguments have been thus far directed towards maleness 
against femaleness in dioecious species. Natural selection should 
also favour the ability of a hermaphrodite living in a patchy 
environment to alter its allocation of resources between male and 
female function’. 

A sequential hermaphrodite shoulé exercise control over the . 
time at which it changes sex in accord with the above idea. As 
fitness. of the second sex is often size dependent, it should often 
change sex according to size rather than age. For example, if an. 
individual is reduced in size just before the expected size of sex 















Hum*2223, Other examples of labile sex change, refated to m 
against female fitness, are also known in fish (the labrid, Labroides 
dimidiatos)?* and some marine gastropods (for example, Cr pi- 
dula)}®:?5., 5 tle 

In a simultaneous hermaphrodite, selection should favour the 
ability to alter the ratio of sperm (pollen) to oVa (seed) produced in 
response to environmental conditions’ (as simultaneous her- 
maphroditism is commonly associated with immobility in the 
adult stage)°. Examples seem to be scanty, but the reallocationin 
monoecious plants due to factors such as nutrition or sunlight is = 
well documented*5.2°27 (C. Smith, personal communication), 
particularly in the Russian literature?®. 

Interestingly, this suggests that one selective advantage of 
monoecy in plants is that it allows the use of hormonal systems to 
control male against female allocation. This alteration is as simple 





830 


as.changing the ratio of male ĉo female flowers. Supporting this 
idea is the observation that populations consisting of males, 
females and monoecious individuals age among the most common 
of all types of mixed populations in plants?#. We interpret the 
males or females as hermaphrodites who have reallocated re- 
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Table 1 Mean and standard deviation of body length and wet body 
weight of the 10 largest sar and females gf Æ akallopisos and 
A, bicinctus. 





A. akallopisos A. bicjnctus 


vi Male Female Male ‘Female 
sources to one or the other sex. Such lability would seem to be less > N ; 
possible in plants with hermaphroditic flowers. eth oo ee l is Hae 9 J 9 s61276 i 

As this paper was being written we became aware that similar pee 2 ecm eee 


ideas were being developed in four other labs: K. E. Hoagland with 
protandrous molluscs; C. Smith for monoecious trees; L. Gilbert 
and M. Condon for protandrous vines; and C. Freeman, K. 
Harper and L. Klikoff for dioecious plants. We acknowledge their 
independent thought. We thank G. C. Williams, R. Shine, J. 
Cranford, J. Werren, N. Negus, P. Berger, G. H. Orians, J. 
Maynard Smith and Thomas Gibson for cooperation. This work 
was supported by a grant from the PHS. 
l ERIC L. CHARNOV 





bicinctus showed that both species are born as males and 
females, but during ontogeny undergo functional male then 
female phases. Immature oocytes are always present in the 
testes of functional males (Fig. 15),ewhile functional females 
show no sign of testicular tissue. 

The typical social unit is a large female, a single smaller 
male and a varying number of subadults and juveniles, 
none of which is offspring of the adult pair. Both species. 


JAMES BULL 7 œ i 

Department of Biology, 

University of Utah, 
e Seli Lake City, Utah 84112 

d 
Received. 10 December 1976, accepted 22 February 1977. > * 
1 bate n J.D. Anijal Cytology and Evolution, third edn (Cambridge University, Cambridge. 

s EA 


z Baoci, G, Sex Deryrmination (Pergamon, Oxford, 1965). 
> Reinboth, R., ed. dversexuatiry in the Animal Kingdom (Springer, Berlin, 1975}. 
4 Heslop-Harrison, J. Biol. Rev. 32, 38-90 (1937), 
S Heslop-Harrison, Jin Plant Physiology (ed. Steward, F. C.}, 4C, 133-290 (Academic, New 
York, 1972). 
s Ghiselin, M. T. The Ecanonry of Nature and the Evolution of Sex (University of California, 
Berkeley, 1974). e 
? Charnov. E. L., Maynard Smith, J. & Buil, J, Nature 263, 125-126 { 1976). 
® Fisher, R. A. The Genetical Theory of Natural Selection (Oxford University, Oxford, 1929}. 
® Trivers. Ra L. & Willard, D. E. Science 179, 90-92 (1973). 
10 Ejandersos. E. Am. Nar. 99, 489-494 (1965). 
tt Clausen. C.D. J. ALY. ent. Sor. 47, 1-9 (1939). 
32 Christie. J. R. J. exp. Zool, 53, 59-65 ( 1929), 
t3 ENenby, C. Nature 174, 1016-1947 (1954). 
H Anya, A. O. Adv. Parasit, 14, 268-35] (1976), 
1S Wa HR. The Biology af Plant Parasitic Nematodes, | (Edward Arnold, Landon, 1963). 
18 Gould-Somera, M, in Reproduction of Marine Invertebrates (eds Giese, A.C, & Pearse. J.$.).3 
(Academic, New York, 1975). 
i> Freeman. C., Khikoff, L. & Harper, K. Science 193, 579 (01976). 
t8 Westergaard, M. Ady, Genet. 9, 217-281 (1958), 
1e Powis D. Bial. Rev. 17, 46-67 (19421, 
20 Dodson, C. H. Ann. Missouri Bot. Gard. 49, 35-36 (1962). 
2! Gregg, K. B. Sefbyane L, 10}~-113 (1975). 
z Schaffer, 4, H, Am J. Bor. 9, 72-78 (1922). 
23 Camp, W. H. Ohio J. Sci. 32, 147-151 (1932). 
24 Robertson, D. R. Scienvé 177, [007-1009 (1972). 
28 Coe, W. R. dJ exp. Zool, 108, 185-170 (1948). 
z6 Kooistra, E. Euphytica 16, 1-17 (1967), 
27 Williams, C. N, & Thomas, R. L. Arm. But 44, 957-963 (1970). 
28 Dzhaparidze, L. |. Sex in Plants, 1 (Israel Program for Scientific Translations, Jerusalem, 1967). 
29. Yamplonsky, C. & Yamplonsky. H. Bibl. Genes. 3, 1-62 {1921} ® 


A 


Monogamy and sex change 
by aggressive dominance in coral reef fish 


In several sequentially hermaphroditic coral reef fish, of 
which individuals first function as females and then males 
(protogynous hermaphroditism), dominant males can con- 
trol production of other males by aggressive dominance 
over females! ™. Robertson suggested that socially controlled 
protogynous sex changes might operate only in species 
with a well defined polygynous social system “based on 
individual* relationships’’*. Further exogenous and en- 
etogenous factors may control sex change in ¢becies which 
school anonymously and in which the individuals lack 
special individual relationships. ,We describe here socially 
controlled proteandric hermaphroditism (individuals func- 
tioning first as males and then as females) in the anemone 
ii fish Amphiprion, in which females control production of 
~~ females by aggressive dominance over males. 
: Amphiprion is widely distributed in the tropical and 
subtropical Indopacific region and is symbiotic with several 
sea anemones’. A 38-month field study of the ecology and 
social behaviour of A. bicinctus in Eilat, Israel (Red Sea) 
and a 2-month study of A. dikallopisos at Aldabra indicated 
that the breeding population of both consisted of large , 
functional females with smaller functional males (Table 1). 
‘Gonadal examinations of 170 A. alkallopisos and 41 A. 





Fig. 1 *Development of the testes of A. akallopisos accordin 

«to the social status of the male. Males of approximately the same | 

body length were selected. a, Previous beta-male (65 mm) 63 d. 

after removal of the dominant female; 6, B-male (70 mm) in 

functional state; c, y-male (68 mm), development of mature 
testicular posue suppressed. 
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live in closed monogarflous groups based on individual re- 
cognition and individual pair bonding*’. Several pairs of 
A. bicinctus remained on their home anemone for 3 yr 
without changing, partners. Differences in group size result 
from differences in the ecology of occupied anemones 
(Table 2)” Occasionally groups of up to 10 dult 
A. gkallopisos are found on a single anemone colony. The 
average group size of Amphiprion, however, is restricted 
bysthe dimensions of the anemones to no more than two 
adults. “Monogamy by force” and permanent pair forma- 
tion is favoured under these ecological limitations’. The 
largest and oldest individual of a group is always female 
and dominates the male, subadults and juveniles (Fig. 2). 
Subadult males are attacked by both sexes, the dominant 
alpha-female and high ranking males (Fig. 2). The beta-male 
particularly attacks the sexually competing gamma-male. 
In two groups of four A. akallopisos each, 53% of 861 and 
64% of 559 obseryed, intragroup aggressive acts were per- 
formed by beta against gamnia. The largest male prevents 
other males froma spawging, thereby maintaining a mono- 
gamous social structure. The intragroup social pressure 


Fig. 2 Rank.order by aggressive dominance in a group of seven 
A. akallopisos. An aggressive interaction is defined asa single . 
chase, bite or frontal display. The relative body size of each in- 
dividual is expressed as the square of the circle. The sex sign 
indicates the sex determination of the individual. A full circle 
denotes a functional, reproductive individual. The direction- of- 


determines the gonadal development of the subdominants. the big arrows points to the receiver of the aggressive act. The 
Their testes are smaller and show little or no mature spite ye of aggressive acts of ne sag o is A ha as 

: : í i y a percentage ef total aggressive acts (= diameter of the arrow) 
testicular tissue. Low ranking males are psychophysiologic which are performed by one individual against other group. 
ally castrated. . members. 752 intragroup aggressive acts were recorded, = 


Sex reversal occurs in different social situations. After 
removal of a dominant female in an aquarium group of 
five mature A. akallopisos, the beta-male toðk the alpha- 
position and changed sex in less than 63d (Fig. la). Sex 
change was also induced in field experiments by the re- 


from randomly arriving larvae or juveniles or migrating 


adults would be equally distributed. Redistribution. of 


sexually mismatched. individuals would presumably result 
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in migration of one of the individuals. Migration, however? 

increases the risk of predation. Furthermore, low population 
density and: unpredictable distribution: of the host reduces. 
the chances of finding an anemone or an anemone witha 
partner of the opposite sex. These risks can be alle@iated 


moval of females from 24 pairs of A. bicinctus; six of 
the 24 males remained solitary while the remaining 18, 
joined by subadults of unknown origin, turned into females. 
The first of these females laid eggs.after 26d. To demon- 
strate the influence of dominamce on sex change, different 


sized males were paired forcibly on empty anemones in the 
reef, and the gonads of six pairs were examined after 2 
months and another 10 pairs after 6 months. The largest 
and dominant males always changed to females. Sex re- 
versal also occurred in. the absence of intragroup. social 
presse. Twelve functional males placed separately in the 
sea, six caged and six free, after 2 months showed various 
degrees of increased oocyte production. The uncaged males 
were more advanced towards becoming female in contrast 
to the caged males which were probably more stressed. 
Sex change was much slower in both experimental groups 
compared with dominant males which were paired forcibly 
with smaller males in the same conditions. The reversal 
of sex change from female to male could not be induced 
experimentally. Forcible pairing of functional females 
(n=7) resulted in death or severe injury to the subdomin- 
ants. This study demonstrates socially controlled sex change 
by aggressive dominance. Females control the procreation 
of other females. They restrict the size of the breeding 
population and actively suppress males which are likely 
candidates for future females. | | 

If Amphiprion were gonochoristic (1:1 sex ratio), the 
chances for homosexual and heterosexual pairings resulting 





Table 2 Comparison of both fish species and their host anemones 





No. of | No. of No. of ee 
° Life style observed adult fish juvenile fish » » °% Hosts 
Species Host anemones of host hosts per host per host “occupied gy 
A. akallopisos Rađianthus e 
ritteri eColonial ” 82 Colonies 2.6 0.6 100 oa 
° Gyrostoma | a a a, 
A. bicinctus * helianthus Solitary 22% . il 0.3 99.2.0 
G.quadricolor ate 
j R.koseirensis Solitary . 122 e . 09 69T -o 





in different reef zonations of the Nature Reserve in Eilat. 
j ® 
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by socially controlled. hermaphroditism where the largest 
and dominant animal controls the sex of the subdominants. — . 


In the case of death of a pair partner, this partner is easily 
replaced: the female through a fast sex change of the 
dominant male, the male from the stock of subadults or 
juveniles which arrive or live together with the adult pair. 


Juveniles are stunted but grow rapidly when an adult 


dies*’, Furthermore, their ambisexual nature" allows for- 
mation of pairs by dominance when no adults are present. 
The young fish in the proximity of the breeding fish are 


always an insurance of potential males and females. Socially- 
controlled sex change enables recruitment of breeding pairs 


independent of the sex of arriving young fish and without 


the necessity of leaving the host in search of a mate. Fune- 
tional mates are produced whenever they are needed. It- 


seems to be advantageous for a female to be larger than 
the male of the pair. A small Amphiprion-male can suc- 
cessfully fertilise and guard the eggs of a big female. Size. 
increase of the male would not necessarily increase the 


reproductive success of the male. On the other hand, a _ 
larger female can produce more eggs than a smaller one 


(body weight and weight of ovaries are correlated in. both 
species, A. akallopisos r = 0.55 (P < 0.001), A® bici 
k i 
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The data for A. akallopisos were taken along transects in the lagoon Channels of Pass Femme and Pass du Bois at Aldabra; for A. bicinctus 2 
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4 
r=0.45 (P<0.05)}). Therefore, the female of a mono- 
gamous pair benefits in reproduction by æn increase in 
size. This could determine the direction of sex change. 

A system of monogamy and $ex chąnge by aggressive 
dominance of females with them controlling the breeding 
population seems to be ddaptive in ecological conditions 
which restrict group size*to an average of not more than 
two adults. Probably the system evolved in response to the 
low population density and unpredictable, opportunistic 
déstribution of the host anemones which occur in nearly all 
reef, zonations from shallow to deeper waters. 
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Behavioural divergences between 
mosquitoes with different inversion 
karyotypes in polymorphic populations 
of the Anopheles gambiae complex 


STUDIES of the polytene chromosomes of the mosquitoes of the 
Anopheles gambiae complex have revealed fixed rearrangements 
based on paracentric inversions between all the six sibling 
species and inversion polymorphisms at the intraspegific level! -5, 
Inversion polymorphisms involve mainly chromosome arm 2R 
and are particularly frequent in the species formerly designated 
as A and B for which the names An. gambiae Giles, 1902 and 
An. arabiensis Patton, 1905 have been proposed’. These are 
the most ecologically adaptable members of the complex and 
the most important medically’. They are sympatric over the 
greater part of the African savannas. We report here on relation- 
ships between the behaviour of these mosquitoes and their 
inversion polymorphism. 

Investigations were conducted in the Garki district (Kano 
State, Nigeria), a typical Sudan Savanna area located north-east 
of Kano where An. arabiensis generally outnumbers An. 
‘gambiae and breeding of both species is strictly seasonal, 
depending on rainfall. The main working hypothesis was that 
of a differential probability of contact with man and/or his 
domestic environment for the mosquitoes carriers of different 
inversion karyotypes. The availability of suitable polytene 
chromosomes in the adult ovarian nurse cells? enabled us to 
test this hypothesis directly by comparing inversion frequencies 
in female mesquitoes collected on the same day and in the same 
locality (a village in the Garki district) but in different situations 
(for example, indoors and outdoors). Preliminary evidence of 
non-random distribution of An. arabiensis with different 2R 
arrangements’ °, obtained in 1972 and 1973, stimufated further 
comparative sampling in 1974 and 1975. © | ga 

The 2R chromosome polymorphism of An.,arabiensis from 
the Garki district involves six common paracentric inversions 


. 


(Fig. 1). This complex system of overlapping and independent ° 


contiguous inversions permits no less than 15 different whole 


+ 


* ss we 
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arm arrangements (2R, 2Rb, 2Rbc, 3RU, 2Rbd, 2Rbcd, 2Ra, 
2Rab, 2Rabe, 2Rad, 2Rabd, 2Rabed, 2Rbe, 2Rabe, 2Rbf), the 
frequencies of which cannot always be estimated because some 
of the 105 heterozygous combinations result in karyotypes 
which are very difficult to distinguish from one another (for 
example, 2Ra/2Rbcd, 2Rabce/2Rd, 2Rad/2Rbc, 2R/2Rabed). 


. Variation in 2R was therefore studied in terms of three sectional 


standards with the corresponding independent ifversign 


+ 
Centromere 





Fig. 1 Diagrammatic representation of 2R chromosome inver- 
sions in An. arabiensis from the Garki distfict. Inversion pairs 
b-c and b-e are interpreted as cases of extreme contiguity “with 
one break point apparently coincident. The available evidence 
indicates that both ¢ and e are based on 2R6 as the inverted 
arrangements so far recorded dre 2Rb, 2Rhc and 2Rbe, but not 
2Rce nor 2Re, Note that, in absence of 2R4, both arrangements 
2Rbc and 2Rbe could be interpreted BB due to tandem inversions 
based on 2R. Inversion f is based on 2R4 producing the 2Rbf 
arrangement which overlaps with all other 2R inversions. 


systems +%<>a, +” <> b< >be and -+-4<~+d and with two 
other overlapping inversions,*be overlapping the last two sys- 
tems and bf overlapping all three. As might be expected from 
close linkage existing between the independent inversions, 
obvious departures from random association were observed; 
these will be analysed separately. 

Table 1 compares the basic 2R chromosome variability in 
samples of Am arabiensis females collected in the village of 
Jirima during the 1973-1975 rainy seasons. The mosquitoes 
collected were: biting outdoors on donkeys (CD), biting 
outdoors on men (CM-OUT), biting indoors on men (CM-IN). 
resting indoors after blood rħeal (IR) and blood fed in exit trap 
(ET). Consistently significant differences were observed between 
thesesamplesin the a and b inversion systems. The arrangements 
-+7 and be were more frequent in CD, CM-OUT and ET 
samples than in the corresponding CM-IN and/or IR samples 
indicating that the mosquitoes with these chromosome types 
have a lower propensity to bite and rest indoors. In other*words, 
these data point to a relationship between the 2R inversion 
polymorphism and differential endophily and endophagy. The 
substantial similarity of the chromosomal constitution of CD 
and CM-OUT samples indicates that differences in zoophily 
compared with anthropophily are not involved. E 

The 2R inversion polymorphism seems typically flexible (in 
the sense defined by Dobzhansky) as the alternative arrange- 
ments show wide seasonal and geographical changes in fre- 
quency with fairly obvious correlations with climatic and 
ecological conditions (Coluzzi et al., unpublished). Thus those 
2R arrangements which are more frequent in Jirfma in outdoor 
samples of An. arabiensis (+° and bc) increase in frequency in 
southern more humid areas (Guinea Savanna), while those 
more frequent in Jitima in indoor samples (a and b) increase 
in frequency in northern more arid zones (Sahel Savanna). Data 
so far available for An. gambiae are strikingly similar. These 
findings suggest that the differential endophily is primarily an 
expression of differential climatic adaptations. Assuming a close 
integration of physiological and ethological responses to 
environmental heterogeneities, genetical variants adapted to an 
arid climate would be more prone to bite and rest indoors as 
the indoor environmeht generally shows a higher nocturnal 
saturation deficit than the outdoor environment. 

Relationships between behaviourab variations and inversion 
polymorphism hawe been demonstrated in the laboratory in 
Drosophila (see the review by Parsons!) and in Anopheles? ~, 
Our demonstration of such relationships in nature emphasises 
their evolutionary importance as well as their practical. sig- 
nificance when dealing with a vector species. The practical 
implications are obvious when it is considered that a differential 
endophily and endophagy such as that recorded in An. arabiensis 

o : 
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Table 1 Frequencies (%) of 2R chromosome arrangements in samples of Anopheles arabiensis females obtained in the village of Jirima (i 
i district, Kano State) during the 1973-75 rainy*seasons E 









Collection Chromosome 2R è re 
method "oN + a +’ b be e +? d be Bo 
j 5 collections from 24.8 to 12.9, 1973 o e SREI 
CD | 858 4231 356.06 831 46.15 30.42 69.93 15.15 13.29 1.63. 0> ~. 
IR ° ee 246 30.49 = 68.70. 9,76, 5488 21,95 67.48 1911. 1260 Osto 
R s g= 10.672 12.096} 0.732  5.485*  6.315* 0.431 1.936 0.030 0.416 © 
% > 4 collections from 31.7 to 9.8, 1974 a | | 
CD | 722 48.89 48.61 6.37 49.31 31.72 . 75.35 12.05 10.11 
IR ee 422 33.65. 63.27: 9.48 5£.42 24.88 72.04 13.74 14.44 
yt = 24.591} 22.443... . 3.266 0.395 5.694* 1.352 0.546- 0.200 
e- ` 7 collections from 31.7 to 16.8, 1974 
ET 186... 4516 . . S5215 4.30. 49.46 32,26 72.04 13.98 11.29 
IR 772 33.81 62.05 8.16 50.78 24,22 68.91 14.25. 1269 
A =e - 7898F 5.717* 2.716 0.058 4.646* 0.554 0.0005 0.158 
° | _.. 4 collections from 1.9 to 9.9, 1975 l 
CD 262 40.19 56.45 © + 3,97 46.86 30.59 70.51 12.91 13.22 
CM OUT 1628- 42,32 o 53.93 5.84 47.79 30.65 71.38 12.90 -11,98 
CM IN 780. S oi 94,23. 64.23 6.92 52.56 25.26 71.79 12.95 13.72 
IR 1132 31.63 65.28 8.13 51.06 23,94 69.61 13.52 13.78 


41.347}  49.903t 7.415 


ee r 
Sampling procedures used were: (1) Collection on donkeys outdoors (CD): mosquitos were captured on 10-14 animals scattered in the 





10.788* 24.063} 1.490 0.294 2.546 


village and exposed all the night. (2) Collection on men outdoors (CM-OUT): mosquitoes were Se on eight individuals from various 


parts of the village who had been exposed all the night. (3) Exit trap samples (ET): collections were made 


at 0600 h from 15 exit traps left on 


doors all the night. (4) Collection onnen indoors (CM-IN): mosquitoes were captured on eight individuals exposed in closed huts (four per hut) 
all the night. (5) Indoor resting samples (IR): early morning (0600-0800 h) collections were made in 8-15 human habitations (huts) by pyrethrum 
spray capture or hand capture. The mosquitoes obtained from animal and human baits (mostly partly fed or unfed) were provided with a full 


blood meal on donkey during the same night. Blood fed 


specimens from all samples were kept in 200 ml paper cups (no more than 30 per cup) 


in favourable climatic conditions. until 1400-1600 h and then processed for chromosomal examination either directly or after preservation in 
Carnoy fixative. No significant mortality was recorded during the maintenance period and more than 90% of the chromosome preparations 


were generally favourable for inversion reading. 


*. f, Í Significant at the 0.05, 0.01 and 0,001 probability levels, respectively. > 
d 


in the Garki district is expected to produce variations in vectorial 
efficiency and in the response to house spraying with insecticides. 
Some of the available data suggest ghat inversion polymorphism 
constitutes the basi¢ genetical variability from which behavioural 
resistance to the insecticide may develop.. Entomological 
investigations carried out by the WHO in the Garki district 
revealed important heterogeneities between An, gambiae s.l. 
from various villages, consistent with a positive association 
betweep exophily and residual density after insecticide (pro- 
poxur) spraying’®. Such positive association clearly extends to 
the prespraying frequency of the 2R chromosome arrangements 
favouring exophily and exophagy in both An. arabiensis and 
An. gambiae (unpublished data). 

With respect to evolutionary implications the non-random 
distribution of carriers of different arrangements implies some 
kind of ecotypic divergence among them, as suggested by 
Mayr’? and supported by the work of Dobzhansky et al. in 
Drosophila pseudoobscura'®, Thus the maintenance of inversion 
polymorphism could be based, at least in part, on annidation, 
in the sense defined by Ludwig’. A further consequence of 
non-random distribution of carriers of different arrangements 
might be their differential probability of shift to new or marginal 
ecological niches. This would mean a differential probability of 
forming isolates in which genetic reorganisation can be initiated, 
thus indicating the. possibility of a causal involvement of 
inversions in speciation*®-22, 7 
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Control of plant respiration 4 
through non-photosynthetic light action 


Tue effects of photosynthetically active light on carbon loss by = 
plants are attracting much attention'-?, but light action through 
mechanisms other than photosynthesis, though demonstrated 
as early as 1954 (ref. 3), is usually ignored in disgifssions of = 
metabalic inefficiencies. Nevertheless, dim red light acting ._ 
through phytochrome can clearly regulate the time course of o 
CO, output in axenic cultures, of Lemna perpusilla. The precise 
pattern of output under a given light schedule depends on the 
nitrogen source supplied; on nitrate or ammonium, the main 
daily peak seems to be timed in the same manner as some 
aspects of the photoperiodic control of flowering*~*, Essentially. 
parallel results on O, uptake are reported here, indicating that 
the phenomena in question are respiratory in a reasonably . 
strict sense. , : ee 

Recording small changes in O, against the high background __ 












in air is essentially impossible over periods of days with methods ie 
ecurrently available. Hence the intermittent-flow principle 
developed by Bruce and Street’ for the detection of insects in 


* 








stored grain was ifsed* The,ychange in gas concentration de- 
veloped between periods of flow moves to the analyser as a 
‘bolus’ when flow is resumed, producing a signal greater than 
that attainable otherwise. Comparifig data so obtained with the 
earlier CO, results might be misleading, however, as inter- 
mittent flow might modify the patterns in some way. Thus all 


+ 
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Fig. 1 Rates of O, uptake and CO, output by cultures on nitrate 
or aspartage as sole N sources and entrained to 4-h skeleton 
main light periods. Points are at 0.5-h intervals, each being 
assigned to the hour or half-hour immediatel preceding its 
occurrence. The clone used was originally obtained from Dr Elias 
Landolt as Lemna perpusilla 6746, but it has also been described 
as L, paucicostata®®, Stocks were maintained under continuous 
cool white fluorescent light (about 3,200 Ix) at 25-27 °C, on a 
complete mineral medium supplemented with sucrose, yeast 
extract, tryptone and EDTA (refs 5, 6). Experimental cultures 
established by transferring batches of fronds from stock cultures 
to the media being tested were then cafped for connection to the 
@ air streams, all substantially as in ref. 5 except that 125-ml 
Erlenmeyer flasks with 50 ml of medium were used instead of 
bottles. Nitrogen-free Z medium supplemented with either aspartic 
acid (a) or KNO, (b) at 15 mM was used, with the aspartate 
medium sterilised by filtration rather than autoclaving. As before, 
buef exposures to dim red light (cool white fluorescent screened 
with Rohm and Haas red 2444 Plexiglas to yield 10-35 pW cm? 
at plant level) were used to simulate main light periods. In the re- 
sults above, 15-min exposures starting at 1400, 1545, 1645 and 
1745h daily, local time (arrows), represent a 4-h main light 
period; exposures at 1400, 1715, 2030 and 2345h would 
simulate a 10-h main light period*. Constant temperature in the 
experiment shown was about 27 °C. Cultures contained 0.2~1.4 g 
fresh weight of plant during the experiment, and were held in 
conditions being tested for 5d before connection to the inter- 
mittent-flow gas analysis system. Each blank and sample channel 
received, in succession, 4 min of air flow at 50 ml mig~? followed 
by 26 min without flow. The recorded analyser outputs obtained 
show the samples as spikes separated by the blank values. The 
sample-blank differences plotted above thus represent the rates 
of change in O, or CO, in relative units. A cold trap (--18 °C) 
was interposed before the analysers to prevent water vapour 
from reaching them. Oxygen was determined by magnetic 
susceptibility using a Beckman G-2 oxygen analyser with a 
reversed range, nominally 21.0-20.594 (5,000 p.p.m. full scale). 
The infrared CO, analyser, a LIRA Model 303 (Mine Safety 
Appliances Co.) also had a full-scale range of 5,000 p.p.m. Given 
the intermittent-flow mode, the actual relationship between the 
arbitrary O, and CO, units plotted is uncertain, and will of 
course vary depending on the relative drifts of the two analysers. 
Rough calculations suggest that culture size would have to be 
increased 60- to 100-fold in order to obtain comparably useful 
data from, for example the automatic recording respirometer 

- described by Dilley et a/*4: a detailed description of the present 
_ gystem@and an assessment of its quantitative aspects will be 
presente elsewhere (Hillman and Tempel, ine preparation). 
The timing of each peak can be estimated by inspecti®n, or 
objectively; by summing the times of the eight or more highest 

= values during the period in question and dividing by the total 
number of values, in accord with the following rules. The time 
of the highest value, or the times of the several highest (values 
of rank œ) are taken first. To these are added the times of all 
values orfe unit less (rank B) and then of all of ranks y and lower, 
as necessary, until at least eight values have been summed; but 


Af one value of any given rank is included, then all others of that © 


e rank not separated from it by two or more unused lower values 
* are also included. As an example, the peak time for the O, values 
on day 10 on nitrate, above, combines the values at 0600, 0630 
and 0730 h (rank a), those at 0530, 0700 and 0800 h (rank #) and 
_ those at 0400, 0430, 0500, 6830 and 0900 h (ratk y) for a tota! 
of 11 values giving a peak time of 6.50 h after midnight, which 
* is 16.5 h after the start of the light period, or 12.5 h after the start ° 
ies of the dark period. 
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channels were also monitored with & CO, analyser. The first 


apparatys constructed had one sample channel and two 
blanks (without plants), and the second, two samples and three 
blanks. Most of the results considered arg from the second 
version. ý 

Figure | summarises a typical experiment under 4-h skeleton 
light periods on aspartate and nitrate media. The courses pf Q; 
uptake and CO, output are essentially parallel threughout, 
while the patterns on the two media differ. On aspartate, {here 
is one peak per day and on nitrate, two; earlier work with CO, 
output led to the designation of the second daily, peak on 
nitrate as the main peak. 

The time of each main peak was estimated in both the 
experiments shown in Fig. | and another performed the same 
way. The means and standard errors calculated from the 
combined experiments place the peaks in O; uptake on aspartate 
and nitrate at 7.94-0.32 and 16.1 +-0.18 h, respectively, atter the 
start of each light period. The corresponding peaks in CO, 
output occur at 8.1 40.35 and 16.6 4-0.18 h, times not signifi- 
cantly different from those for O,..@II these values, as well as 
the patterns themselves, are essentially those obtained earlier 
for CO, output monitored by continuous flows". j 

In the CO, output data referred to, changing the length of 
the main light period shifts the main peak on nitrate medium. 
The line relating the time during the dark period at which that 
peak occurs to the length of the light period has a slope of 
— 0.425 +0.049 for skeleton main light periods from 4-10h 
long®. That B, lengthening the light period by 1 h causes the 
peak to occur slightly less than 0.5 h earlier, as measured from 
the start of the dark period, which is a delay of slightly more 
than 0.5h fram the start of the light period. To determine 
whether the same relationship holds for O, uptake, time-course 
&ata were obtained on nitrate medium under schedules with 4- 
and 10-h skeleton light periods in the same experiment. For 
the 6d recorded, the meantime of the mgin peaks upder the 
4-h skeleton was 16.44-0.08 h after the start of the light period, 
and under the 10-h skeleton, 19.50.18 h after the start of the 
light period. Subtracting the light-period lengths, this means 
that the 4- and 10-h main light periods place the peaks at hoars 
12.4 and 9.5, respectively, of the corresponding dark periods. 
The slope calculated from the 12 values of this experwnent is 
= 0.484 --0.032. A similar calculation using values from two 
successive experiments carried out on the single channel version 
of the apparatus gave an estimated slope of --0.440=-0.075. 
Neither of these slopes differ significantly from those derived 
from earlier data on CO, output and on flowering®,s but, like 
those, they do differ significantly (P = 0.01) from both 0 and 
— f, „a 

The light effects reported earlier are probably exerted entirely 
through phytochrome’. Perhaps the most striking single 
phytochrome phenomenon is that of the ‘red, far-red switch’. 
That is, on a nitrate medium, under a basic schedule of one 
0.25-h light exposure every 24h, cultures previously entrained 
to far-red respond to red by a near-doubling of CO, output in 
6h, Conversely, cultures previously entrained to red respond 
to far-red with a sharp drop in CO, output, even though the 
steady-state pattern elicited by daily far-red would give a peak 
shortly after the light exposure’. The experiment presented in 
Fig. 2, which may be compared to Fig. 4 in ref. 5, indicates that 
precisely the same effects are observed in O, uptake. 

The fact that O, uptafe by L. perpusilla is essentially parallel 
to CO, output in all conditions tested means that the use of this 
system to investigate: photoperiodic timing®’ must proceed 
through an analysis of respiratory pathways rather than non- 
respiratory decarboxylations. Beyogd this rather specialised 
peint, however, these data also lead to the conclusion that a 
substantial proportion of the respiration of at least one higher 
plant may be affected by aspects of the ligit regime unrelated 
to photosynthesis. . 

The applicability of this conclusion to plants in general is 
suggested by several consider&tions. Leopold and Guernsey? 
observed short-term phytochrome effects on O, uptake in 
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tissues of several spéçjês. Few similar studies (for example 
refs 8-11) have appeared since, but there is abundant, if some- 
what contradictory, recent evidence for phytochrome-mediated 
changes in the levels of various respiratory intermediates!?—", 
The nightly pattern of CO, output—presumably respiratory-—by 
Chenopodium polyspermum changes within a few days,of a 
change in the length of the light period'*. In addition, phyto- 
chrome’ clearly mediates light effects on rhythms in plant ° 
respiration, respiratory enzymes and intermediates!’, Miyata 
and Yamamoto’ suggested that rhythms in Lemna gibba 
respiration involve variations in the activity of the pentose 
phosphate pathway, while in Chenopodium rubrum, Deitzer et 
al.™ found distinct rhythms in enzymes of that pathway on the 
one hand and of the tricarboxylic acid cycle on the other. 
Thus, modificationg of the relative activities of these two meta- 
bolic gystems might underly the present results. 
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Fig. 2 Rates of O, uptake and CO, output by cultures on nitrate 

as sole N source and entrained originally to 0.25 h red light every 

24 h, then given red (R) or far-red (F) as indicated. Light sources 

as in ref. 5. Other details as in Fig. 1. Gaps in the data 
represent recorder malfunction. 


The fraction of total respiration under the control studied 
here hfs been estimated’ at from 30% for daily entrainment 
patterns (Fig. 1) to 50% in a ‘red, far-red switch’ (Fig. 2). These 
may be minimal estimates. Unpublished data indicate that 
respiration in most of the cultures used is soon limited by 
crowding, which probably explains the apparent decrease in the 
proportion of control with time (Fig. 1 of ref. 5). While the 
parallelism between O, uptake and CO, output is extremely 
close in these data, it may not be perfect. The ratio of the ar- 
bitrary values, or apparent respiratory quotient, changes 
slightly in response to experimental variables. Further work 
will be required to establish that these observations do not 
result merely’ from differing gas solubilities or other non- 
biological factors. 

Finally, although the term photorespiration has become 
virtually synonymous with effects of bright Ifght on the consump- 
tion of current or very recent photosynthate, a comprehensive 
view of metabolic regulation should no longer ignore the fact 
that overall respiratory rate can be massively, and on occasion 
rapidly, modified through other light actions. Since these 
actions may be exerted at times remote from those of actual 
illumination, and at low energies, the retention of quotation 
marks in the phrase (and concept) of ‘dark’ respiration? seems 
particularly wise. The fact that the respifatory rhythm in Lemna 
gibba seems to be correlated with changes in azide sensitivity! 
is of particular interest since inhibitor-resistant electron trans- 
port may be wasteful with respect to phospkorylation®. Thus, 
in the context of current concern with metabolic efficiency and 
plant productivity'?, this work directs renewed attention to 
light action on phytochrome and to its timing—the photo- 
periodic aspects of the daily light regime. And although the 
effects of blue light on Lemna respiration are probably mediated 
entirely by phytochrome’, the situation in general could prove 
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to be even more complex, in viewgof reĉent evidence for ph 
logical photoreception by flavin-cytochrome b couples in 
fungi? and higher plants??, ria A 
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Viral contamination of 7 
bovine foetal serum and cell cultures 


Tue presence of adventitious viruses in cell cultures is well 
recognised’, and when the cultures are of primate origin 
there are serious hazards for the production of human viral 
vaccines’. This is one reason for the increasing use of 
bovine cell cultures. These cultures, however, are not free 
from viral gontamination’. We found that calf kidney (CK) 
and calf testis (CT) cells were often infected by non-cyto- 
pathic mucosal disease virus (MDV): the cells seemed 
morphologically healthy but nearly all showed fluorescence 
with MDV antiserum and rabbit-anti-bovine conjugate. We 
report here that both the cells and foetal calf serum, an 
essential growth factor of cell culture medium, are sources 
of the virus. 3 

MDV (also known as bovine viral diarrhoea virus), a 
member of the family Togaviridae, is antigenically related 
to hog cholera virus* and morphologically similar to rubella 
virus’. The role of FCS, as a source of contamination by 
MDV, was examined by growing CT cells in medium 
supplemented with either unheated or heated FCS. Heated _ 
FCS had been held at 56 °C for 30 min because thgse condi- _ 
tion inactivated MDV. The incidence of infection of each — 
cell batch grown in unheated FCS was compared with the e- 
incidence of infection of the same cgll batch grown in 
heated FCS (Table 1). Fourteen batches of CT cells grown 
in five batches of FCS were examined. All of the 14 batches 
of cells grown in the presence of unheated RCS became 
infected by MDV. In contrast, when grown in the presence — 
of heated FCS, only one of the 14 batches became infected 
by the virus. | 

Each batch of CT cells was screened for infection by 
MDV at several different passage levels (Table 2). Viral 
infection was pot usually dete¢ted until passage 6 when 
70% of cell batches grown in unheated FCS showed MDV > 
* fluorescence. Only 25% of cell batches showed evidence of 

MDV infection at passage 3. 
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Table 1 Batches of bovine cell cultures showing MDV fluorescence 
and grown in the presence of unheated or heated FCS 
& 





Cell FCS No, positivé No. tested 
CT Unheated * 14 14 
Heated ® 1 14 
CK Heated 10 63 
MDBK* Unheated 1 it 
Š BT227 Unheated i 14 





Tħe indirect fluorescent antibody test was carried out using 
antiserum raised in a gnotobiotic calf against the NADL (National 
Animal Diseases Laboratory) strain of MDV, and a rabbit-anti- 
bovine serum conjugated with fluorescein (Nordic Immunology). 
Pre-inoculation serum was used as a control of fluorescence. CT 
and CK cell cultures were derived from 1-15 d-old calves, freshly 
slaughtered each week; trypsinised tissues were seeded into 20-0z 
bottles and cultured in Eagle’s basal salts medium supplemented 
with 7.5°% commercial FCS. Each batch of CT cells was subcultured 
for up to 15 passages, and CK cell cultures were subcultured until 
the secondary passage. 

«e *Madin Darby bovine kidney. 
*Bovine turbinate. 
¢Continuotis cell lines; therefore only one ‘batch’ could be 


examined, 


+ 
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The other possible source of non-cytopathic MDV, the 
cells themselves, was examined by fluorescent antibody 
staining of CK cells which were grown in the presence of 
heated FCS and subcultured only once. Ten of 63 cell 
@batches examined showed MDV fluorescence. Two con- 
tinuous cell lines, MDBK and BT22, were also found to be 
infected by non-cytopathic MDV (Table 1). 

Specificity of the fluorescent antibody test was confirmed 
by geutralisation tests. The agent isolated from CT cells 
was able to infect uncontaminated CK cells. But when the 
agent was first treated with antisera to MDV (either a 
Weybridge reference serum or an antiserum raised at Comp- 
ton by hyperimmunisation of a gnotobiotic calf with the 
NADL-MDV strain), CK cells did not become infected. 
Thus antisera to MDV neutralised the agent isolated from 
CT cells; no neutralisation occurred with pre-immune con- 
trol serum. 

The results of fluorescent antibody staining were also 
supported by tests for interference, which were carried out 
by a plaque technique. A standard inoculum of cytopathic 
MDV was titrated on Petri dishes of CT cells, which 
fluorescent antibody staining had shown to be infected by 
non-cytopathic MDV. The number of plaques produced by 
the cytopathic virus was compared with the number pro- 
duced by the same vigal inoculum titrated on known, un- 
contaminated CT cells (Table 3). No more than a twofold 
reduction in plaque number on the contaminated cells was 
found. 





Table 2 ÆT cell cultures showing MDV fluorescence at various 
° passage levels 


FCS* . ‘Results Cell passage no. * 
' of FAL 1 3 6 9 12 15 
è 
No. 
positive 0 3 10 8 7 6 
Normal «e No.” 
tested 6 12 14 12 8 6 
No. e 
® positive 1 Q I bs d 0 
Heated No. 
tested 11 12 14 12 8 6 


p PN O E ONE EA E A AE a a aaeanoa nananana 
‘ s 
*Half of each batch of CT cells was grown on medium supple- 
Snented with unheated FCS and half on medium supplemented with, 
heated FCS. | 
+Indirect fluorescent antibody staining as in Table 1. 
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The conventional interference fest, used for screening 
FCS and bovine cells, relies on detection of a visible inhibi- 
tion of virus-induced cytopathic effect. This method is 
obviously not as sensitive as a quantitative plaque technique 
and probably would not detect the relativelye low level of 
intesference as noted in Table 3. 

The results indicate two different sources of contamina- 
tion by non-cytopathic MDV. First, MDV may bè foupd 
in commercially produced FCS because heat treatment of 
serum reduces the incidence of infection of CT cells from 
100% to 10%. Second, MDV may be indigenouseto bovine 


cells; approximately 20% of batches of CK cells grown in 
+ 
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Table 3 Comparison of number of plaques produced by cytopathic 

MDV on uninfected CT cells with numberof plaques produced on 
CT cells infected by non-cytopathic MDV 


Mean no. Qlaques a 


Cell batch/ per plate -,s.e. Student’s ¢ 


passage no. Uninfected Infected e test 

60/9 48 -+8 244-7 5.131 
60/13 21+7 1542 1.774* 

63/6T 54-412 26 +3 4.704 

29+8 ° 1744 2.998 

30--5 18—5 3.485 


® 

Standard inocula of cytopathic MDV (NADL) were titrated on 
Petri dishes of CT cells either contaminated or uncontaminated by 
non-cytopathic MDV. Mean numbers of plaques produced on five 
replicates of contaminated CT cells were compared with mean 
numbers of pl&ques produced on the same cells but which were 
uncontaminated, Student’s ¢ test, P<0.05, 4d.f. 
* *All comparisons except this one showed significant differences. 

tThree different inocula of cytopathic MDV. 


heated FCS for only two passages, and on serum shown to 
be free of MDV by culture of CT cells, are infected by 
MDV. CT cells grown in normal FCS have to be sub- 
cultured several times before showing evidence of MDV 
infection, and so the viral inoculum in FCS is low. + 

In the above experiments, CT cell cultures were exposed 
to five different batches of FCS obtained from one com- 
mercial supplier: all batches contained MDV. These results 
indicate a much higher incidence of contamination than 
reported previously®’, and illustrate the inadequacy of com- 
mercial screening methods. This inadequacy may be 
explained by the relative insensitivity of the interference 
test, often the only method used to detect non-cytopathic 
MDV, and by the fact that the amount of virus in FCS is 
probably small. 

The presence of MDV in FCS is explained by the ability 
of the virus to infect the bovine foetus in utero% A main 
supplier of FCS is Australia where infection by MDV is 
widespread: in 1984 it was shown that approximately 60% 
(374/625) serum samples taken from cattle throughout the 
country had neutralising antibodies to MDV’. The incidence 
of foetal infection is unknown, but because each batch of 
FCS represents a pool of serum taken from about 500 
foetuses (for an average batch of 1701, contamination of 
a batch requires only a 0.2% incidence of foetal infection 
by MDV. . 

Infection of bovine cell cultures by non-cytopathic MDV 
has particular significance for the production of viral 
vaccines. Tamoglia’ tested live jnfectious bovine rhino- 
tracheitis vaccines from all licensed producers in the United 
States and found that 8% were contaminated by MDV. 
Vaccination ‘with such vaccines may givé rise to abortions 
since transplacental infection by MDV can cause death and 
malformations of the foetus”. 

The importance of contamination by MDV with regard 
to human viral vaccines is unknown, but measles virus 

F d . 


* 
rt 











=. *,. s 


Nature Vol. 266 28 April 1977 
z . o 


t . 
vaccine” and a potentfal respiratory syncytial virus vac- 
> é > * `; 
cine are produced on bovine kidney cells grown, in the 


presence of unheated commercial FCS, Contamination of 
viral stocks also, has important implications for experi- 
mental virolggy. For example, in a trial designed to assess 
the clinical responses of calves to infection by respiratory 
syncytial (RS) virus’, the RS viral inoculum, grown in CK 
cells, was found to contain MDV. If MDV had not been 
détgcted, the clinical reactions of inoculated animals would 
have been attributed solely to RS virus. 

Regular screening of bovine cell cultures is essential if 
viral stocks are to be kept free from MDV. We suggest 
that the fluorescent antibody test, using a monospecific 
antiserum, is the most reliable method available for detect- 
ing non-cytopathic MDV in cell cultures. Moreover, if 
FCS is heated before use, the incidence of contamination 
of cell cultures by MDV will be greatly reduced. 
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Neonatally tolerant mice fail to 
react against virus-infected tolerated cells 


IN mice, immune effector functions mediated by 
thymus-derived lymphocytes (T cells) are restricted by the 
major histocompatibility (H-2) gene complex (see ref. 1 for 
review). Thus, virus-stimulated cytotoxi@T cells are specific 
for both viral antigen(s) and self-cell-surface structures 
coded in the K or D region of H-2 (refs 2, 3). Two general 
hypotheses have been proposed to explain H-2 restriction’™*. 
First, T cells possess two independently, clonally expressed, 
but linked receptors, one for the foreign antigenic 
determinant and one for the relévant self-marker (dual 
receptor model); second, - T cells have a single clonally 
distributed receptor for a- complex of foreign antigen plus 
self or for virally altered self-markers (altered self model). 
To date no conclusive „proof exists for one hypothesis or 
the other. The altered self model is the simpler concepte of 
the two; on thg other hand, the fact that cytolytic inter- 
actions against minor histocompatiblity antigens are H-2 
restricted and that the idiotypic determinants of+T cell- 
receptors are identical with those of immunoglobulins of 
the same specificity’™* are prebably more compatible with a 
dual receptor. 
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In both models, but particujarly *in the dual receptor 
model, defining the relationship between tolerance against 
alloantigens and the capacity to recognise the same allo- 
antigens as self or alternatively as altered self seems to be 
crucial for under$tanding of the mechanisms of T cell 
recognition. Experiments with H-2*"/H-2* radiation 
chimaeras, that were reconstituted with one parent’s 
haemopoietic stem cells revealed that separate groups of T 
cells were specific for virus plus H-2* or virus plus H-2“ 
(refs 9-11). The absence of alloreactivity (presence ef 
folerance) appeared to parallel presence of self-recognition 
(as proposed in the dual receptor model), or alternatively the 
presence of recognition of altered self. The present experi- 
ments were designed to evaluate whether tolerance to allos 
antigens and reactivity to tolerated self plus virus parallel 
each other when tolerance was maintained with minimal 
chimerism as in the classical Billingham—Brent~Medawar” 
neonatally tolerant mouse model. The results revealed no 
such correlation. 

Neonatal A.AL (H-2K*) mice were injected into the 
orbital vein with spleen and bone marrow cells of 
(A.ALXA. TLF: (H--2K*"/H-2K°) origin. (W. Streilein and 
J. Klein, ip preparation). Eight weeks later, survivors were 
grafted with A.TL skin. Mice that did not reject the skin 
grafts were considered as tolerant (H-2K* tolerant to 
H-2K*). Tolerant and conventional A.TL (H-2K*), SJL 
(H-2K") and B10.BR (H-2K"*) mice were then infected with 
vaccinia virus, and their spleen cells were assayed for virus- 
specific cytotoxic activity on vaccinia virus infected and 
uninfected syngeneic or allogeneic target cells 6d later 
(Table 1). The degree of chimaerism of the tolerant mice 
was determined by lysing of their lymphocytes "in the 
cytotoxic test with antisera against H-2K haplotypes. 
Chimerism in the tolerant mice was below 5% since specific 
anti H-2K* (K-603) antiserum +C killed>95°% of lyrffpho- 
cytes from conventional A.TL mice, lysed less than 5% 
cells from tolerant mice’, 

Although vaccinia virus immune spleen cells from tolerant 
mice lysed infected H~2K* L cells to a high degree they 
failed to lyse any of the three infected H-2K’ targets. The 
H~-2K* targets were lysed very efficiently by A.TL or SJL 
immune lymphocytes. Therefore, the efficiency with which 
virus immune spleen cells from allogeneic or tolerant mice 
lysed the Ħ-2K* targets must be at least 50 times lower 
than that for immune cells from A.TL or SJL. 

This result could suggest the presence of some suppressor 
mechanism in the tolerant mice’s immune spleen cells that 
prevent expression of virus-specific cytotoxic activity against 
the infected targets of the tolerated H-2 type. Yet the 
cytolytic activity of virus specific T cells specific for K* was 
not diminished significantly when they were mixed with 
excess numbers of cells from mice tolerant to K‘; any effects 
observed were comparable to interference caused by un- 
related K° spleen cells from B10.D2 mice that were not 
tolerant to K* (Table 2). Thus suppression seems to be. 
unlikely at least at the level of the effector cell. This —. 
experiment, however, annot exclude the possibility that 
suppressive mechanisms act during induction® of the 
cytotoxic lynfphocytes. 

The difference of the results obtained in niice that were 
rendered tolerant neonatally and the FY radiation chimeras 
may reflect different mechanisms of tolerance induction 
and/or maintenance. Since these mechanisms are poorly 
understood this argument remains open. A possible differ- 
ence may be presence or absence of suppression. Alterna- 
tively, the data may suggest that the generation of self plus 
virus-specific cytolytic T cells is, besides being virus-dose 
dependent, also dependent on the dose of the relevant self- 
markers. In P (H-2")->F, (H—2"*/H-2") radiation chimeras, 
when the syngéneic and the tolérated allogeneic haplotypes 
are both expressed in great amounts, virus-specific cytolytic 
activity is generated against virus in association with both 
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i i I i amune spleen cells Spleen to °% 3Cr release from target cells* . 
(mouse strain, H-2K allele) target cell L929 SJL SJL A.SW 


ratio e fibroblasts macrophages "macrophages 
(H-2K*) (H-2K°) (H-2K*) tH-:2K*) 
: Vaccinia Normal Vacinia Normal Vaccinia Normal Vaccinia Normal 
A.AL. tolerant to A.TL . 30:1 78.47 22.7 20.97 15,3 38.07 40.5 39.9ł 34.7. 
(H-2K* tolerant to H-2K*)§ 10:1 92.4t 24.8 ° 21.8} = 39.4t __ 40.7% + 37.0 
3:1 65.44 20,2 21.2% —_ 39.61 om 42.01 "352° 
A.TL (H-2K*) 30:1 16.6 24.2 76.6% 18.1 88.0T 42.1 70.44 35.2 
° 10:1 17.9 23.2 48.it — 731+ = 57.0t 36.2 
2 3:1 15.9 _ 37.57 =~ 56.17 — SL.9OF es — 
SJL (H-2K°} 30:1 16.9 mme _ —_ 83.2 41.0 a ae 
10:1 19.9 —— me m 85.0 6- — — 
3:1 oo — — ee 72.4 = n= a 
B10.BR (H-2K*) 30:1 74.24 20.1 19.8 — 43.1 41.7 43.3 _ 
10:1 66.17 “ee 18.5 oe 42.6 -e — 
3:1 45.74 — ot vame 41.7 — e ome 
_. Normal A.TL (H-2K*) 30:1 12.2 _— — = 40.2 40.3 41.9 32.2 
| : 10:1 13.6 a _ one 42.7 mee — 34.2 
* Normal BIO.BR (H-2K*) T i] 14.2 20.7 ne = — e @- ç< * _ a. 
E 10:1 — m a — maen — mee wman 
Medium 12,3 19.5 14.0 18.2 40.3 41.0 e 42.0 33.0 





- Mice were fnfected with about 10° plaque oe units (PFU) of vaccinia virus (WR strain). The mice were killed 6 d lates and spleen cells 
assayed for cytotoxicity at the spleen cell to target cell ratjos indicated. Since only the constitution of the K region of the H-2 complex is relevant 
to this experiment, the constitution of the other regions is not shown. Where no values are shown the values were not determined. 

#1929 continuous line fibroblast cells, SJL secondary fibroblasts and SJL or A.SW peritoneal macrophages were labeled with “Cr, washed 

e and infected with vaccinia virus at a multiplicity of about three for 3 h at 37 °C. The °% of “Cr released Was determined after 6 h incubation 
at 37 °C. The standard errors did not exceed 2.2 for all targets tested. 

tSignificantly greater than controls (P < 0.01). 

tNot significantly different from norma! cell controls or medium. e 

The H-2 type of lymphocytes was determined by a microcytotoxicity testt®™ 
+ % specific lysis 


m anti-K°+ C anti~K *-+-C’ C alone 
è (K-119) (K-603) 
A.TL > 95 >§ > 5 
Tolerant <5 r >95 <5 
The antisera were K-603 :(C3H.OH x 129/J)F, anti-C3H/HeJ, and K-119:(A x CS7BL/10Sn)F, anti-B10.5, 
e n 
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Table 2 Absence of demonstrable blocking or suppressing activity on virus-specific cytotoxicity in spleen cells from neonatally tolerant mice 
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Immune spleen cells | Spleen to % 5Cr release from vaccinia 
(mouse strain, H-2K, D allele) target cell virus infected target cells 
ratio SIL L929 J77g 
macrophages 
(H-~-2K*D*) (H-2K* D*) (H-2K*°D*) 
Numbers of Admixed blocking 
blocking cells immune spleen cells 
added None Tolerant B10.D2 
ASW (A-2K*D*) 30:1 78.9 ne am 25,3 30.0 
10:1 84.4 e — 21.2 30.5 
7 3:1 65.7 _ ve 18.7 —— 
B10.D2 (H-2K°*°D®) 30:1 52.0 _ n.. 24.2 92.7 ,°* 
10:1 50.7 m ee 22.0 80.4 
3:1 — _ — 20.7 56.2 
A.AL tolerant to A.TL œ 30:1 56.14 a = 90.74 73.6% 
(H-2K* D* tolerant to H-2K°) 10:1 58.17 = oe 87.4} 57.3% 
fae 3:1 55.17 a 54.1 > 39.5 
ATL (H-2K*D®) 30:1 79.8% — i 22.0 81.2 
10:1 Ix§ 89.1t 81.6* 89.4 22.3 57.1 
2x _— 84.7* e 76-7 23.7 390 . 
3:1 Ix 70.14 70.9* 69.6 
2x — 67.8* 68.9 
. 9x meme 61.1* 60.5 
Normal AfTL 55.6 one = 23.0 34,7 
Jiedium e 54.2 — > 25.1 33.0 


* 


infected fhd cytotoxicity tests performed as for Table 1. S.e.m. were below 2.5 except forthe blocking data where they were below 





cells. 
* 


à ° © specific lysis ° 
anti-K°4+C’"’ ante-K -C C’ alone 
. (K-}19) . (K-603) : 
A <5 > 95 z <5 
A.TL > 95 . <5 <5 
Tolerant <5 >95 <§ 
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haplotypes. In the neon&tally tolerant mice studied here, the 
chimaerism is minimal: sufficient to maintain tolerapce, but 
not to an extent where during infection appreciable amounts 
of cells would express virus plus alloantigen to trigger 
measurable „quantities of cytotoxicity against these 
specificities. P 
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Reassembled HVJ (Sendai virus) 
envelopes containing non-toxic 


mutant proteins of diphtheria 
toxin show toxicity to mouse L cell 


Previous studies from this laboratory have described the 
préparation, from HVJ virions solubilised with a non-ionic 
detergent, of a reassembled envelope fraction free of 
nucleocapsids. Such reconstituted envelopes still retain neur- 
aminidase, haemagglutinating, cell fusion and haemolytic 
activities‘. Since intact virions release their nucleoproteins 
into the cytoplasm after: fusion with mammalian cells, it 
seemed possible that any given nfacromolecule contained 
within such a reassembled viral envelope might be intro- 
duced into susceptible mammalian cells by this means. We 
report here the successful application of this method to 
the introduction of CRM45, a non-toxic mutant protein 
related to diphtheria toxin‘, into mouse L cells, a strain that 
is normally toxin resistant. Although CRM45 is a potent 
NAD : elongation factor 2-ADP ribosyl (NAD: EF2-ADPR) 
transferase*’* and thus blocks protein synthesis in eukaryotic 
celf extracts, it is non-toxic for animal cells because it lacks 
a C-terminal sequence of amino acids necessary to bind to 
susceptible cell membranes and thus cannot reach the cell 
: e 


- . è 


¢ 
e ? 6 " . 
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interior’. If a few molecufes of GRM45 cøuld be introduced 
into the living cell cytoplasm, they should block protein 
synthesis and kill the cells. This has now been accomplished 
by fusion of CRM45-containing reassembled HVJ envelopes 
with cultured mouse L cells. 

HVJ virions were collected by eentrifugation, resuspended 
in buffer containing CRM45 and divided into two portions. 
Non-ionic detergent Nonidet P40 (NP40) was added to one 
portion to solubilise the virions; it was not added to the 
other which served as a control. After ultracentrifugatiqn 
Of the solubilised virions to remove nucleocapsids and other 
insoluble material, the envelopes were reassembled by dia- 
lysis against phosphate buffered saline (PBS) to remove the 
detergent and then applied to a Sephadex G200. column te 
separate reassembled envelopes or native virions from free 
CRM45 protein. The reassembled envelope. fraction was 
eluted from the gel with the void volume as a single sharp 
peak (Fig. 1). NAD: EF2-ADPR_ transferase activity and 
haemagglutinating activity were both associated with this 
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Fig. 1 Separation of reassembled CRM45-containing envelopes 
from free CRM45. Purified HVJ virions (about 7x 10‘ HAU) 
were collected and resuspended in 1 ml 0.005 M Tris buffer at 
pH 7.4 containing 5 mg ml ~ CRM45 and divided into two equal 
portions. To the first was added NP40 at a final concentration of 
0.25%; the other served as a control. After 15 min at room 
temperature, the solubilised virions were centrifuged at 40,000 
r.p.m. for 60 min to remove nucleocapsids and other insoluble 
material. The resulting supernate was dialysed at 4 °C in a Neflex 
tube against PBS with the buffer changed each day for 3 d. The 
reassembled dialysed envelope preparation was then chromato- 


€ 


graphed through Sephadex G200. Ten drop fractions (0.73 mD) “Eee 


were collected and the absorbance of each fraction was measured _ 
at 280 nm and at 540 nm. The HVJ virions to which no NP40- 
had been added were suspended in 0.2%; CRM45 solution and 


dialysed against PBS and chromatographed through Sephadex 


G200 in the same manner, NAD :EF2-ADPR transferase activity 


of each fraction was assayed using 2 pl, Spl and 10 pl samples: . 


by a slight modification of the method of Gill and Pappen- 


heimer*, Haemagglutinating activity, determined. using chicken. te 


erythrocytes, was expressed as HAU min. 


peak. A peak of free CRM45 was found in fractién 41 and 


thus was wefl separated from the reconstituted envelopes. „ 









The CRM45-containing reassembled envelopes were cob 


lected and resolubilised with NP40. Resdlubilisation resulted 
in a 3.2-fold increase in enzymatic activity (Table 1). These 
observations suggest that about 70% of the CRM45 was 
inside the reassembled envelopes and about 30°%ewas tightly 
bound to the membrane with its enzymatically active frag- 
ment A moiety*’ exposed to the outside. About 2% of the 
total added CRM45 was recovered with the envelope. 
fraction. Thę control HVJ virions, suspended in CRM45 at 
the same concentration, were also filtered through Sephadex 
G200. The ndtive virion fraction emerged with the void 
volume as expected, but contained very little ADP ribo- 
sylating activity. There was no further increase in enzymatic 


+ 
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- 2m chilled buffered salt solution (E . 
the chilled sample was added. After 20 min at 4 °C they were brought 
< to 37 °C and incubated a further 20 min. Two mi culture medium 
was added and incubation continued for 3h at 37°C. The medium 


Table 1 Enzymic activity of ©MR45-containing reassembled enve- 
) lopes before and after treatment with P40 _ 


e NAD: EF2-ADPR transferase 





*before after NP40 
NP40 cpm. cpm. 

Pooled fractions Asa * HAUmI™ per Spl per 5 pl 
Reassembled enve- * 

lopes containing * 

CRM4S5 0.225 1,500 4,115 12,963* 
Intact virions, pre- 
* incubated with i 

CRM 45 1.5 16,000 187 150 





*This activity increased about twofold as did that of free CRM45 
after brief controlled treatment with trypsin (see ref. 4). 

Fractions 21-24 of Fig. 1, both from gel filtration of CRM45- 
containing reassembled envelopes and from the intact HVJ virions, 
were pooled. The pooled volume was 2.9 mi in each case. Both 
suspensions were then solubilised with NP40. Assay for NAD:EF2- 
ADPR transferase activity was carried out on 2 ul and 5 pl samples 
after threefold dilution, both before and after treatment with 
NP40 as described in the legend to Fig. 1. 


activity after solubilisation of the virions “with detergent 
“Table 1). Thus CRM45 neithér enters the intact virions 
nor binds non-specifically to their surface. 

The enzymatic activity per ml of CRM45-containing 
envelope suspension was equivalent to about 20 ug ml” of 
diphtheria toxin. The toxicity of the suspension was tested 
using mouse L cells known to be at least 10,000 times as 
resistant to intact toxin as HeLa cells. Table 2 shows that 
70% apd 92% of L cells were killed after short exposure to 
the CRM45-containing HVJ envelope suspension diluted so 
as to contain respectively only 10 and 100 haemagglutinating 
units (HAU) per ml. The same amount (HAU) of either re- 
assefhbled virion envelopes, or of ultraviolet-killed virus, 
whether added alone or mixed with free CRM45, showed no 
toxicity at all for L cells when tested under the same con- 
ditions. It is clear that CRM45-containing reassembled HVJ 
envelopes are toxic for a mammalian cell line. Further 
experiments suggest that the method is likely to prove of 
general use for introducing macromolecules into the cyto- 


plasm of living mammalian cells. We experienced no diffi- 


culty in introducing *“I-labelled IgG into mammalian cell 


Table 2 Toxicity of CRM45-containing reassembled HVJ envelopes 
for mouse L cells 





Number of surviving colonies per dish 


Sample 100 HAU mi~? 10 HAU mi“ 
Reassembled CRM45- 

containing envelopes 12 44 
Intact HVJ virions plus 

CRM45 (1 pe mi) 132 129 
Reassembled empty 

envelopes plus CRM45 

{1 pe min) 132, 129 
Reassembjed envelopes 142 155 


_.Two hundred L cells suspended in 2 ml of MEM meditm con- 
taining 10%, calf serung were added to 30 mm plastic Petri dishes and 
incubated for 7.5 h at 37 °C. The ee were then washed once with 

(BSS, see ref. 15) before 0.5 ml of 


was then exchanged for fresh medium and the cells were cultured for 


. "Td. The cells were finally fixed with methanol and stained with 








os diemsa. Colony counts were averages of duplicate plates. Control 
_. dishes contained 130 and 132 colonies. To prepare samples for test, 
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lines (L cell, Ehrlich ascites tumout, cell and KB celi). The 
yield of IgG trapped within the reconstituted viral enve- 
lopes was about the same as for CRM45. ` 

There are many reports of introduction of substances 
into living mammalian cells, the most frequently used tech- 
niqyes being the liposome” and erythrocyte ghost-HVJ 
methods™™™*, As the procedures for reassembling the enye- 
lopes are mild without any drastic mechanical stepstand the 
reassembled HVJ envelopes have specific binding sites “to 
susceptible cells, we believe that the method we have 
described is also effective for introducing proteins,into the 
cytoplasm of living mammalian cells. 
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T lymphocyte responses to Mls 
locus antigens involve 
recognition of H-2 I region gene products 


THE major histocompatibility complex (MHC) in the ninth 
linkage group of the mouse encodes antigens that stimulate 
strong alloreactions’. Jn vitro studies have focused on two 
such reactions, both mediated by T lymphocytes. Cytotoxic 
T cells can recognise products of the MHC H-2K and D 
regions (KD antigens), and can be distinguished by their 
Ly antigen phenotype from the non-cytotoxic T lymphocytes 
that give their strong proliferative responses in mixed 
leucocyte culture (ref. 2) (MLC). These latter cells respond 
primarily to H-2 leregion gene products”, The products of 
a second genetic locus in the mouse also stimulate strong 
MLC responses. This Mls locus’ behaves as a single 
autosomal dominant gene mapping in linkage group 13. It 
has been defined by studying MLC reactions between MHC 
identical strains of mice. Interestingly, it has not been 
possible to induce cyt&Stoxic effector T cells against Mls 
locus antigens’. Recent interest in T cell responses to 
antigen has focused, on the crucial role of MHC gene 
products in antigen recognition (reviewed in refs 5-8). These 
studies have shown that T cell responses to most conven- 
tienal antigens involve recognition of both the foreign 
antigen and self ‘MHC antigens. In parallel with allogeneic 
reactions, T eells cytotoxic to antigen-modified self cells see 
that arfttigen plus self KD molecules, while helper T cells, 
T cells mediating delayed type hypersensitivity and T cells 
proliferating in vitro to soluble antigens recognise the 
antigen in association with I region gene products. Thus, 
o P 
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Stimulating H-2 Pi Mis Fig. P yey stimulation of B10.A T 
strain derivation’ locus| Responding cells: B10.A anti-A Jax ——», lymphocytes primed in vitro with X-irradiated 
—— a | et en e A/Jax spleen cells by a panel of spleen cells. 
. . The responding B10.A T cell population for 
Medium se = primaryeMLC was prepared by the passage of 
A /Jax . k kkk-d dd c whole a e eon nae gies 
cytes ha n lysed with 0.84% NHC] rok 
C3H/HeS k kkkkk kk c through ig-anfele glass bead. columns, Eo 
B1Q.A © k kkk-d dd b ora, = elena of Wigzell et or ee, 
ah : Primary MLC were performed in tissue cul- E 
B1 0.D2/n d ddddd dd b ture TE ee bare Falcon Plastics) and ~ 
° consisted of 30x10° responding T cells- ak 
aah Soe, e cultured with an equal number of X-irradiated® 
C57 BL/6 b bbbbb bb b (2000 R) stimulating cells in 12 ml of EHAA 
7 medium supplemented with 0.5%, normal- 
ACA f fff fh ff c mouse serum‘. The reacting T lymphocytes. 
B10.M f ff fff ff b from the primary MLC were separated asT , 
: : blast cells from the non-reacting cells using ig 
ASW | velocity sedimentation gradients as described 
2 eee me E elsewhere”. 7.5 x10* T cell blasts (> 95% 
B108 sss5ss ss b blasts) were dispensed into microtitre plate 
* wells, incubated 12h, then restimulated with : 
. b 4 O 2 4 6 8 10 12 14 the indicated cell populations (‘stimulating > 
4H-TdR Incorporation (c.p.m. x 10°) strain’), Secondary cultures were performed 1 
> in aon to a After 48h of | 
+ | secondary MLC, the cultures were pulsed 
Denotes K, I-A, 1-B,1J,1°E,1+C,S and D. with 0.8 pCi tritiated thymidine (Radiochemi- 
. a a cal Centre, Amersham) in 20 pl for 4h, 
Thymidine incorporation in harvested cells was determined by liquid scintillation coynting. Data are expressed as mean c.p.m. of triplicate 
culture wells. Standard deviations are shown. Vertical dashed line is 2 standard deviations above thé mean of incorporation in medium ° 
stimulated controls. 

e (ER 
virtually all T cell responses involve recognition of MHC stimulating strain. This technique facilitates study of 
gene products, with the possible exception of*responses to reactions to Mls locus antigens in the presence of MHC- 
Mls locus antigens. Reactions to Mis locus antigens, how- antigen differences, simce the selected blast cells lack 
ever, are normally tested between MHC identical strains of reactivity to MHC antigens, at least during the time ing 
mice, so responses to M/s locus antigens may also involve which they are studied (48 h). öğ 
recognition of self MHC antigens, probably encoded in the Two such experiments are presented. The first (Fig. 1) 

I region’. Alternatively, the M/s locus might represent “I involved blast cells isolated from the reaction B10.A anti-A, 
region gene duplications translocated to another chromo- and tested with a variety of strains congenic with A. but . 
some’, The present experiment#were designed to test these differing in the MHC. It is clear that secondary reactions to 
ideas. We report that T cell responses to Mis locus antigens Mis locus antigens require that the stimulating cell share 
involve recognition of the products of two gene clusters. MHC region genes with the original stimulating strain, 
One gene cluster is clearly self MHC genes, probably within Sharing of the rest of the genetic background is 
the I region, while the second is almost certainly the genes not sufficient to give a response. Since C3H/HeJ cels > 
of the Mis locus. Thus, virtually all T cell responses to induced reactivation, sharing MHC genes to the left of the © oo 
non-MAIC antigens involve specific recognition of self-MHC I-C sub-region seems to be sufficient. Sharing of Mls locus, 
antigens in association with another antigenic determinant. genes with the original stimulating strain is apparently also, 
We have isolated T cell blasts from primary MLC required for this response, but not sufficient. ee 
reactions between H-2 identical, M/s locus differing strains, A second experiment was designed to determine which =- 
and measured their secondary in vitro proliferative response portion of the MHC was involved in secondary T cell - 
to fresh* stimulating cells from strains sharing either MHC responses to Mis locus antigens (Fig. 2). In this instance, 
antigens, Mis locus antigens, or both with the original purified T cell blasts from the reaction of BIO.BR to 
°. Se 
Stimutating H-2 Mis a 
strain derivation locus; Responding celis: B10. BR anti-C3H/HeJ ——~» + ; 
rirerire setanartertte tenet PN a aaa 
Medium ve lee — | m- E 
C3H/He J k kkkkk kk c SREE 
B10. BR k kkkkk kk bj Ml 
AKR k kkkkk kk a CED 
AAL k kkkkk kd A . E 
A/Thy-Ll a EF ae | ANTI! 4 
SNA dh i : Fig. 2 H-2 I region recognition in secondary 
A.BY b bbbbb bb c | MMH MLC responses of B10.BR T lymphocytes 
C57 BL/6 b bbbbb bb -b | .?..n[manmr— primed in vitro with X-irradiated C3H/HeJ : 
aes: spleen cells towakds a panel of test cells ei 
A.SW s sssss ss c | EMENN carrying various genetic differences. Primary k 
B10.5 s sssss ss b | LENT and secondary MLC carried out as for Fig. 1. n 
A.TH s $ssss sd c — ; ° ~ 
810.S(7R) s sssss sd b Ea | 7 i 
A.TL s kkkkk kd ¢ AT : í 
B10.HTT s$ss-k kd b | AAV e 
i ` + z 
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A -. a i 
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C3H/HeJ were wed. C -3H/ HeJ ‘and all A congenic mice 
share an Mls locus antigen (Mls°), allowing, us to test the 
A congenic mice for secondary stimulatory activity. B10 


congenic strains were used as Mæ negative controls for any 


reaction to MHC differences. The résults confirm the 





requirement for sharing MRC region genes with the original — 


stimulating strain. Furthermore, the reactions against A.TL 
and A/Thy-1.1 cells demonstrate that genes mapping 
between K and I-C are sufficient for stimulation to occur. 
ghese experiments do not rule out the possibility of other 
MHC genes also being sufficient to give stimulation in this 
system, but both experiments demonstrate an absolute 
requirement for sharing of MHC genes, since the congenic 
«nice differ only at the MHC region. 

These data strongly support the notion that T cell 
recognition of non-MHC antigens always involves recog- 
nition of self MHC gene products. Other non-MHC cell 
surface antigens have been shown to behave in a similar 
manner. The male antigen’ and non-H-2 transplantation 
„antigens both induce killer T cells which recognise both 
*the antigen and KD determinants. The M/s locus antigens 
are uniquee however, in being the only non-H--2 antigens 
which induce a strong primary proliferative, ngn-cytotoxic 
*T cell response; our data suggests they do sb in association 
with I region gene products. Antigens with the character- 
istics of Mls antigens all map to a single locus, whereas 
there are a wide variety of non-H~2 loci encoding antigens 
that give rise to cytotoxic effector cells‘, so this unique- 
ness may, in part, account for the apparently high frequency 
of Mis reactive cells. 

These experiments render very unlikely the hypothesis 
that A¥/s locus products resemble I region gene products, 
since Mls locus antigens cannot, by themselves, induce T 
cell proliferation, but must be associated with an I region 
gen® product to do so. Other differences between I region 
gene products and Mls locus antigens emerge from studies 
of T-B cell collaboration, where I region identity is 
required for effective cooperation’ while M/s locus identity 
is not’, 

Finally, we believe that this system can be applied to the 
mapping of I region genes. A possible illustration of this 
aS the finding that B10.A anti-A cells do not respond to 
™ A.CA, whereas B10.BR anti-C3H cells do respond to 
A, CA. This reaction pattern does not corresfond to any 
known I region antigen, and thus may point to a new I 
region determinant. Further studies will be aimed at defining 
these unexpected cross-reactions. 

This work was supported by the Swedish Cancer Society 
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Density-dependent phosphorylation 
of a specific protein in cultured cells 


THE phosphorylation—dephosphorylation reactions that regulate 
the Bilosical activities of many proteins are sensitive to chan- 
ges in physiological conditions'. Hormones regulate the phos- 
phorylation of both membrane-bound? and cytosolic proteigs™4, 
while the phosphorylation of histone? and non-histone chromo- 
somal proteins® changes during different phases of the cell 
cycle. The cellular density of mammalian cells grown ; in culture 
can affect biological properties such as cell growth’, loco- 
motion’, transport® and enzyme activity?’*". We have ex- 
amined the phosphorylation of endogenous proteins in cul- 
tured mammalian cells at different cellular*densities as a means 
of determining whether cell-cell interactions might’ affect 
protein phosphorylation. We report hefe „that the phosphory- 
lability of a specific protein pfesent in several diverse cell lines 
exhibits density-dependence. 

Cell lines designated Balb 3T3 and SV3T3 originated from 
the Balb A,, and SVT, lines, respectively, established by 
George Todaro (NIH); T3 schwannoma originated from RN, 
lines established by S. E. Pfeiffer (University of Connecticut); 
AFH, an amelanotic variant of B16 melanoma lines, was ob- 
tained from J. J. Sauk Jr (University of Minnesota); the SF 
human diploid fibroblasts were secondary cultures derived in 
our laboratoPy. 

AFH melanoma cells, T3 schwannoma and SV3T3 fibro- 
blasts do not exhibit density-dependent inhibition of growth, 
and grow to high densities ( > 10° cells per 100-mm plate). 
These cell lines were plated at both low and high densities 
and extracts were prepared 24-48 h after plating. The ex- 
tracts were incubated with y-**P-ATP, and the **P-labelled 
proteins were separated by sodium dodecy! sulphate (SDS) 
polyacrylamide slab gel electrophoresis. A protein of molecular 
weight 110,000 (determined by comparison with molecular 
weight standards) was heavily phosphorylated in extracts 
from cells which had been plated at a high cell density, but was 
only slightly phosphorylated in extracts from Jow density 
cells (Fig. la~c). The in vitro phosphorylation of no otheyprotein 
consistently changed as a function of increased cell density 
in the cell survey described here. One possible explanation for 
the increased phosphorylability of this protein in extracts from 
high density cells could be an increased concentration of this 
substrate protein. But when cell extracts are incubated with 

y-32P-ATP, only sites available for phosphorylation (that is, 
Bich have not been phosphorylated in the intact cell) in- 
corporate **P,. Thus, another explanation could be an altéred 
regulation of the phosphorylation of the protein in vivo. 

In addition to comparing the phosphorylation of extracts 
from cells which had been plated initially at high and low 
densities, we have also examined extracts from cells which 
were plated at low density and then grown to high density. 
Once again, the phosphorylation of this single protein ‘was 
higher in the extracts from high density cells than from the 
low density cells (Fig. 1d). We conclude that the phosphory- 
lability of this protein increases when the density of cells on a 
plate is high, and does not depend on the experimental mani- 
pulations used to achieve high cellular density. We have called 
this protein density-depeadent phosphoprotein (DDP). 

The effect of cellular density on DDP phosphorylation was 
also examined in two,normal cell lines which exhibit density- 
dependent growth inhibition. SF, a line of human diploid 
fibroblasts which grows to a high density (10° cells per 100-mm 
plate) but then becomes quiescent, also showed a greater ex- 
tent of DDP phosphorylation at high dengity than at low 
density (Fig. le). Balb 3T3 mouse fibroblasts normally grow 
to a low saturation density of about 10° cells per 100-mm plate. 
These 3T3 cells showed minimal DDP phosphorylation in 
extracts from both confluent eultures and sparsely populated 
cultures (Fig. 1f). Serum-stimulated (40 °% serum) 3T3 cells, 
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Fig. 1 Asutoradiograph of **P-labelled proteins from mammalian cell lines at low and high density. Various mammalian cell types (a-c, e) 


were plated ateither low density (10*-10* cells per 100-mm plate) or high density (10°-10° 
media for calls were: DMEM and 10° foetal calf serum for murine SV3T3, Balb 3T3 an 


uman diploid fibroblasts; DMEM and 10% calf 


serum for rat T3 schwannoma; and RPMI 1640, 10% foetal calf serum and 10% tryftone for murine AFH melanoma. SV3T3 cells (d) were 
plated on 100-mm plates at low density (10° cells per plate) and grown to high density (10*-10’ cells per plate). Extracts from low density cells 
were prepared 8 h after plating ari those from high density cells 72 h after plating. To obtain sufficient protein from sparse cultures, Balb 3T3 
cells were grown in roller bottles. Extracts were prepared from low density cells (before cell contact) 4 d after seeding 100 ml of medium with 
2 x 10% cells; high density cell extracts were prepared 8 d after seeding (f ). In other experiments, Balb 3T3 cells were first grown to confluence 
(10° cells per plate) on 100-mm plates; medium wasdhen removed and replaced with DMEM and 40% foetal calf serum, and growth contin- 
ued for 48 h until a high density (4 x 10* cells per plate) was reached. Extracts were prepared from low density cells and from these high den- 


sity cells (g). In all experiments, cells were grown at 37 °C and exposed to a humidified atmosphere of 5% COz. 
rinsing cells with 0.32 M sucrose, and disrupting the cells by sonication. Protein concentrations were determined by 

_ The crude sonicates were assayed for endogenous phosphorylation as described by 
contained 70-90 ug of protein, 50 mM (N-morpholino) ethanesulphonic acid (MES) pH 6.5, 10 mM MgC le, 


etal. 


(5-20 Ci mmol =), After incubation for 3 min at 30 °C the reacti 


were boiled for 2 min. **P-labelled proteins were separated by SD 
dried gels were prepared. Each cell line is represented by a pair of autoradi 


Samples were prepared by 
the method of Lowry 


and 1.0-1.5 uM y-*@-ATP 


was terminated with an SDS-dithiothreitol ‘stop solution’, and the tubes 
S—polyacrylamide slab gel electrophoresis" and autoradiographs of the 


ographs. In each pair, the left autoradiograph was obtained from 


extracts of low density cells and tRe right autoradiograph from extracts of high density cells. The arrow indicates the position of DD on 
each autoradiograph. 


Rowever, grew to densities of 4 x 10° cells per 100-mm plate, 
and more DDP phosphorylation occurred using extracts from 
these high density cells than with extracts from sparse plates 
(Fig. 1g). These experiments with growth-regulated human and 
mouse fibroblasts indicate that increased DDP phosphory- 
lability also occurs in normal cells after growth to a sufficiently 
high cellular density. 

The following experiment illustrates the reversibility of this 
density-dependent phosphorylation. SV3T3 cells were plated 
at a low density (10° cells per 100-mm plate). At various times 
during growth, the plates were scored for cell contact, the num- 
ber of cells per plate was determined, and cell extracts con- 
taining equal amounts of protein were phosphorylated (Fig. 2). 
DDP phosphorylation was minimal when cells were sparse 
(before cell contact). When 100% of the cells had established 
cell contact (10° cells per plate), DDP phosphorylation began 
to increase. When the highest density was reached (10° cells 
per plate), DDP phosphorylation was 8-15 times higher than 
in sparsely populated plates. When these high density cells were 
diluted and replated at a low density, the absence of cell-cell 
contacts was associated with a decreased phosphorylability of 
DDP. When the cell number exceeded 10° cells per plate, 
DDP phosphorylation again increased. 

When endogenously phosphorylated proteins from high 
density AFH or SV3T3 cells were éncubated with pronase 
(30 ug mi~?) at 30 °C for 15 min before the addition of SDS, 
DDP and all other phosphorylated bands were absent from the 
autoradiographs. Neither RNase nor phospholipase C ehad 
any effect on he phosphorylated bands. Boiling the homo- 
genates before ihcubation with y-**P-ATP also abolished all 
bands from the autoradiographs. Incubation of end®genously 
phosphorylated proteins with a partially purified preparation’of 


liver phosphoprotein phosphatase (supplied by J. S. Bishop) ə 
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Fig.2 Amount of DDR phosphorylation in extracts from SV3T3 
cells grown to different cell densities. SV3T3 cells we plated at 
10° cells per,100-mm plate and the medium was changed at 72 h. 
At the indicated times, cells were removed with 0.05% trypsin 
and counted. This treatment with trypsin did not affect DDP 
phosphorylation. Duplicate plates were ərepared and assayed 
for endogenous phosphorylation as described, using 67 ug of 
protein per assay. When cells had grown to a density of 10° 
cells per plate (indicated by closed arrow), the cells were re- 
moved with trypsin, diluted in fresh medium, replated at 10° 
cells per plate and grown again to a high density. At 8 x 10° 
cells per plate (indicated by open arrow) cells were removed, di- 
luted and replated at 3 x 10° cells per plate. At various intervals 
the cell umber was determined, and extracts were phosphorye 
lated. The amount of **P incorporated into DDP was determined 
by scanning the autoradiographs with an Ortec 4310 microden- 
sitometer. The peak height of the optical density is expressed as 
arbitrary units of **P incorporated’. Cell number (@) and DDP 

phosphorylation (©) are shown. . 


Malkinson ef a/.'*. The 100-ul reaction mixture 


No. cells per 100-mm pjate 


« 


lls per plate) and grown for 24-48 heThe culture -æ 


® 





reduced DDP phosphorylation on the autoradiograph. When 
a trichloroacetic acid (TCA) frecipitate of **P-labelled proteins 
from a crude sonicate was incubated at 37 °C with dilute alkali, 
3P was released within 15 h and no phosphorylated bands 
were seen on an autoradiograph. hcubation with dilute acid 
did not result in the loss of 3*P-labelled proteins from auto- 
radiographs. These experiménts indicate that DDP is a protein 
containing an acyl phosphatt ester bond. 

The DDP phosphorylation reaction was characterised (Fig. 3) 
using extracts from both SV3T3 and AFH melanoma cells 
which had been plated at a high cell density. Maximum phos; 
phorylation of DDP occurred within 3-5 min, and the phos- 
phorylation reaction was linear from 100 to 1,000 ug mi~ 
DDP phosphorylation was greatest in the presence of Mg**, 
sNght in the presence of Mn?+ or Co?+, and was absent with 
either Zn?+ or Ca*+, The optimal assay conditions for DDP 
phosphorylation consisted of 10 mM Mg?+ at pH 6.5. The 
inclusion of either cyclic AMP or cyclic GMP at concentrations 


ce ranging from 10°" to 107* M in the phosphorylation assay 


did not significantly affect DDP phosphorylation (data not 
shown). An inhibitor of cyclic AMP-dependent protein kinase 
enzymes, isolated from rabbit skeletal muscle!*, caused no 
inhibition of DDP phosphorylation. Thus, in eur assay con- 
ditions, the kinase catalysing DDP phosphorylagionss indepen- 

ent of cyclic nucleotides. Homogenates from high density cells 
were fractionated by differential centrifugation into soluble 
and particulate fractions and the endogenous phosphorylation 
assay was performed with each subcellular fraction. DDP 
phosphorylation was observed only with the 100,000g super- 
natant, suggesting that neither DDP» nor the kinase enzyme 


evhich catalyses its phosphorylation are tightly membrane- 
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Fig. 3 Amount of DDP phosphorylation in extracts of AFH 
melanoma (a, c, d) and SV3T3 cells (b) grown to high density, 
as a function of: a, protein concentration; b, time; c, concentra- 
tion of MgCl; d, pH. Standard reaction conditions described 
for Fig. 1 were used except for the changes indicated. Buffers 
for the pH curve, at 50 mM, were: pH 4.5, sodium acetate; pH 
5.8, 6.2, 6.5, 6.8, MES; pH 7.0, 7.5, 8.0, HEPES (N-2-hydroxy- 
ethylpiperazine-N-2-ethane-sulphonic acid. 
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= Differences in phosphate metabolism have bgen found be- 
tween 3T3 and SV3T3 cells, and between high and low density 
suspensions df 3T3 lis’. It is unlikely that increased DDP 


l phosphorylation at high densitye is related to these changes 
` in phosphate metabolism, for DDP is the only protein whose 
phosphorylation is« consistently affected by density. There are 


several enzymes'® and contractile proteins’? of a monomer 


. molecular weight corresponding to DDP, but it is premature to 


speculate on the identity of this protein. It is interesting that a 
phosphorylated protein corresponding in molecflar weight 
to DDP has been observed in foetal rat tissues, but not in 


_ adult tissues (A.M.M. and C, E. McSwigan, in preparation). In 
- the cellular slime mould Dictyostelium discoideum, the number 
~~ Of freely phosphorylable sites per cell decreased at the onset * 65 um), two pairs of lateral cells, one pair ventral (VL), the 
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of Geil E, PR A Because maf membrane properties 
change as a function of cellular density’, the biological ac- 
tivity ofDDP may eventually be found among the contractile 
proteins or enzymes associated with the’ plasma membrane. 
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Connectivity of the monoamine-containing _, 
neurones in central nervous system of leech 


Tue functional properties of neurones which contain bio- 
genic amines are usually proposed from the results of 
studies involving ablation or pharmacological intervention’. 
Monoamine (MA) neurones are seldom identifiable in vivo, 
which impedes diréct investigations of their functions. The 
central nervous ganglia of leeches are comprised of about 
350 neurones, nine of which contain amines as their puta- 
tive neurotransmitters. These MA neurones are vitally and 
selectively stained by Neutral Red dye’, a procedure potent- 
ially facilitating intracellular studies of this population of 
biochemically related cells. We report here the electro- 
physiological properties of the red-staining neurones within 
the central nervous system (CNS) of the leech. 

Chains of five to eight segmental ganglia were dissected 
from horse leeches, Haemopis marmorata (Say), and their 
MA cells were gained by 0.01% (w/v) Neutral Red in 
leech saline’? for about 30 min. Nine widely scattered 
neurones staiif within the three anterior-mést ganglia, while 
seven sfain within each of the 18 posterior ganglia (Fig. 1). 
These neurones included the two Retzius cells (RZ, 50- 
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other dorsal (DL), sard a posterior, unpaired medial cell 
(M). An extra pair of MA cells (E) was seen within each 
of the three añterior ganglia. These seven small (15-20 am) 
intraganglionic neurones shared histochemical properties 
with the RZ (refs 4, 5), which contain the indolealkylamine, 
serotonin’ (5-hydroxytryptamine, 5-HT)*. The interconnected 
21 segmental ganglia innervate the body by means of paired 
laterak roots. A stainable neurosoma is situated in each* 
anterior root, and this pair of anterior root cells (AR) 
probably contains the catecholamine, dopamine’. The large 





RZ s ‘axons to the periphery‘’, while the small MA 
_ cells appear to restrict their connections to the CNS. 
o Stained cells were impaled with glass micropipettes (4 M 


potassium acetate) with tip resistances of 20-50 M2. Mem- 
__ brane potentials and impulse activities were controlled with 
‘currents injected Through the recording electrodes by means 
of balanced bridge, circuits. Potentials were recorded on 
tape (FM, HP 3960) and permanent records were usually 
produced by playback at 4° speed into an oscillographic 
recorder (HP 7494). Sych speed reduction avoids attenua- 
tion by the oscillograpk of the high frequency components 
of the action, potentials. 

Stained RZ cells have resting potentials (40-60 mV) and 
non-invading action potentials (30-55 mV) indistinguishable 
from those in unstained preparations’. Furthermore, the 
stained pair of RZ remain.coupled by an efficacious electro- 
tonic junction. The small MA cells have small action 
potentials (usually 5-15 mV) which do not attively invade 
their somata. We recorded simultaneously from a Retzius 
cell and each of the small ganglionic MA neurones, and 
representative results are shown in Figs ez and 4. The 
impaled MA neurones usually have tonic impulse activities 
and post-synaptic potentials, and frequently produce bursts 
of impulses. These bursts usually occur with slowly rising 
depolgrisations of 5-15 mV. As Fig. 2a shows; the bursts 
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Fig. 1 Diagram of the yentral aspect of a leech segmental gang- 
lion showing the positions of the MA-ontaining neurones 
which are stained by Neutral Red dye. 


in the RZ and the small cell usually occur in temporal 
register, suggesting that they receive a common excitatory 
input". Cross correlograms of thé time intervals between 
the depolarisations of the MA cell pairs support the sug- 
gested pattern of a common excitos. We see this pattern 
of nearly synchronous depolarisations and impulse bursts 
between RZ and both, DL and M (Fig. 2a) as well as VL 
and E (not shown here). To map moye completely *the 
responses of the MA cell population, we impaled and 
recorded simultaneously from three pairs* of small, bi- 
laterally homologous cells—VL-VL, DL—DL and E-E. As 
Fig. 2b (VL-VL) shows, these cell pairs also undergo nearly 


synchronous depolarisatiorfs which generate impulse 
bursts. We have recorded from pairs of non-homologous 
. s 
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~ _ 









small cells and found a *similay pattern ‘of common ex 
tory bursts by the following pairs: VL-DL, VL-M, |] 
and VL~E (Fig. 2c). anar a 
Thus the entire population of MA neurones: shares a 
excitatory input “and often fires synchronous bursts of 
impulses. The addition of 2@mM Mg**, which blocks 
chemical synaptic transmission in leeches’, abolishes these — 
depolarisations and bursts. In view of this finding, we — 

















Fig. 2 intracellular recordings of the spontaneous activity in 
the red-stained MA neurones of the leech Haemopis. Calibra- 
tions: 10 mV, 5 s.a, Top panel showing the slowly rising de- 
polarisations and the resulting impulse bursts in DL (top trace) 
and RZ. The lower panel shows three simultaneous recordings 
from the pair of RZ and an M cell. The RZ maintain perfect | 
impulse synchrony during burst and interburst periods. M de- P 
polarises, generating bursts at similar tèmes to the RZ: howevėr, 
M impulses do not match those of RZ in a 1: 1 fashion. b, Slow. 
depolarisations of both DL cells generate impulse bursts. Thee 
membranes of both cells show similar slow potential changes, = => 
_ but the action potentials are not 1 : 1. c, Recordings of the de 
polarisations and action potential bursts in VL (top trace) and 
In this record the impulse frequency of VL is higher than tha 







E. The magnitudes of the dëpolarisations appear to differ be 
of the different gains of each trace. _ ` 
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initiated’ pharmacological experiments on the chemical 
synaptic nature of the excitatory depolarisations. Serotoni 
(10M) neither enhances nor induces burgts by M 
neurones; 5-HT (the putative transmitter of These celli 
hyperpolarises RZ, abolishing all spontaneous impulse 
activity. Acetylcholine (ACh) is a candidate transmitter for 
it depolartses and excites RZ into impulse activity’. Atfo- 
pine is a gompetitive inhibitor of ACh at muscarinic 
receptor sites and it effectively blocks the slow depolarisa- 
tions: and impulses bursts by RZ (Fig. 3). The. depolarised 
bursts return after the atropine is washed from the pre- 
paration. Furthermore, the anticholinesterase eserine 
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Fig. 3 RZ activity in a stained, bursting preparation. The top 
panel is a control with depolarisations and bursts at a period of 
20-25 s. Atropine blocks the slow depolarisations, but not other 
e unitary excitatory postsynaptic potentials (middle). After wash- 
ing (bottom), depolarising bursts return but at a period of about 

e 12 s. Calibrations: 10 mV, 5 s. 


d 
(5x 10°* M) increases both the Amplitude and duration of 
the spontaneous depolarisations seen in the RZ. These 
eserine-enhanced depolarisations can also be blocked by 
addition of atropine. We always saw bursts in the small 
MA cells whenever depolarisations occurred in RZ, and as 
these depolarisations seem to be mediated by a common 


@xcitor, most pharmacological experiments were done with 


the larger, more accessible RZ. We have verified the effects 
of atropine on both VL and M cells. Therefore, the 
central synaptic input which depolarises the MA neurones 
within the leech ganglion is probably cholinergic. 

passed currents into RZ while monitoring the effects 
on small MA cells in order to determine the nature of any 
interconnections among the aminergic population. Inward 
current directly hyperpolarises RZ and also hyperpolarises 
the small cells to a lesser degree (Fig. 4a). These d.c. 
potential shifts persist in a high concentration of Mg’*, and 
increase monotonically with increasing currents. In one 
case each nA into an RZ produced a potential change of 
0.38 mV in DL. Thus the RZ is coupled to each of these 
small cells by an ohmic junction: M and E (Fig. 4) and 
VL and DL (not shown). In addition, hyperpolarisation of 
each of these small cells will also produce a d.c. hyper- 
polarisation of the RZ. The RZ are coupled to one another 
by a low resistance pathway such that an impulse in one cell 
produces an electrotonic potential in the other which exceeds 
impulse threshold, and therefore the RZ maintain impulse 
synchrony (Fig. 2a). The small MA cells are coupled to the 
RZ by a higher resistance junction. Each RZ impulse can be 
detected within the small cell somata as an electrotonic 
potential of about 0.5 mV. These potentials are resistant to 
Mg™ and have a latency of less than 1 ms. In high Mg’*, a 
current-induced burst of RZ impulses will electrotonically 
depolarisg a small MA cell to impulse threshold. Experi- 
ments onethe homologous, small cell pairs show electro- 


e tonic coupling between E-E, DL-DL and VL-—VL (Fig. 4b). 


Similarly eléctrotonjc coupling is seen between the follow- 
ing pairs of small, non-homolagous cells: VL~DL, VL-~M 
and E-M (Fig. 4c). Hyperpolarisations are usually more 
effective than are depolarisations for all these MA cell 


e junctions. * 
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-Thus all nine monoamine-containing neurones within the 
leech ganglion seem to be electrotonically intercoupled. 
Electrotonic interconnections. provide a route® by which 
positive feedback can generate bursts of impulses’. Such 
bursts are produced by the injection of currents into these 
MA neurones; however, anodal break stimulation (cessa- 


flon of hyperpolarisation) is more effective in generating a e 
self-sustaining burst than is depolarisation (Fig. 4a and c). 
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These anodal break bursts can bå induced both in pre- 
parations showing no spontaneous bursts, and out-of-phase 
with the timing of the excitor in those showing spontaneous 
synchronous bursting. Occasionally we can generate an 
anodal break burst by the MA neurones in high Mg** 
saling. Thus the electrotonic coupling among the’ MA cells 
is at least in part responsible for burst formation. 
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Fig. 4 Electrotonic interactions of the MA neurones in the leech. 
a, In the top panel, a hyperpolarisation of RZ (top trace) produces 
a d.c. shift in M. These cells have a slight tendency toward ano- 
dal break bursts. Note the spontaneous, shared burst in the cen- 
tre of this record. b, Coupling between the paired VIL cells. 
Hyperpolarisation of either cell causes a d.c. shift in the other. 
Depolarisation of the VL in the top trace slightly depolarises the 
other increasing its impulse frequency. Note the three spon; 
taneous, shared bursts between the current injections. c, Coupling 
between E and M. Hyperpolarisation of either cell hyperpolarises 
the other. This preparation had no clear spontaneous bursts: 
however, cessation of hyperpolarisation generates large, self- 
sustaining bursts. . 


The intraganglionic MA cells share a common cholin- 
ergic input, and gre electrotonically intercoupled. Either 
of these patterns of connectivity can produce bursts by the 
MA cells. Presumably the presence of both patterns assures 
a concerted impulse activity. We do not know why the 
monoamine-containing neurones burst in concert as their 
functional role is unknown, except for a peripheral func- 
tion for RZ in controtling the secretion of mucus from 
the skin of the leech. Thus, the functioning aminergic 
neurones in the leegh are both identifiable and experi- 
mentally accessible. 
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Post-mortem changes implicate adenine 
nucleotides and pyridoxal-5’-phosphate in 
regulation of brain glutamate decarboxylase 


GLUTAMATE decarboxylase (GAD) is the enzyme responsible 
for the synthesis of y-aminobutyric acid (GABA), an 
important neurotransmitter in the CNS (ref. 1). Alterations 
in GAD activity have been implicated in epilepsy, drug- 
induced convulsions” and neurological . diseases such as 
Huntington’s chorea and’ pafkinsonism’™. Although this 
enzyme has been ynder gtudy for over 20 yr, little is known 
of the molecular meckanisms by which its activity is 
regulated. i Recent results suggest that the degree of 
saturation of GAD by its cofactor, pyridoxal-5’-phosphate 
(pyridoxal-P), in vivo could be determined by a balance 
between the rate of dissociatign of the cofactor from the 
enzyme brought about by glutamate and the rate of 
association of the cofactor with the apoenzyme, which is 
inhibited strongly by the nucleotides ATP and ADP (ref. 6). 
Thus, it seemed likely that degree of saturation of GAD by 
pyridoxal-P in vivo might be low and might increase as a 
consequence of post-mortem changes in the levels of ATP 
and ADP. Additional activation in vitro during preparative 
steps might also occur because nucleotide levels would he 
reduced during homogenisation. Data presented here con- 
firm these expectations and implicate the adenine nucleo- 
tides and pyridoxal-P in the regulation of GABA synthesis. 

The percentage saturation of GAD by pyridoxal-P is 
defined here as the activity of GAD measured in the 
absence of added pyridoxal-P as a percentage of the activity 
measured in the presence of saturating levels of the 
cofactgr (100 uM). This approach is possible because the 





cofactor is tightly bound fo the active site in the absence of - 5 


glutamate and, cannot be remôved by either dialysis or 


Sephadex column chromatography’. As it has been shown. 5 
that there is a time-depegdent inactivation of the enzyme 


in the absence of pyridoxal-P and in the presence of high e 


concentrations of glutamate, GAD was incubated for only 
5min with 1 mM glutamate. We estimate that the loss in 
activity is no more than about 5% .in the absence of 
pyridoxal-P in these conditions. When ATP was added to the 
homogenate to prevent the association of pyridoxal-P with 
GAD, we used a concentration of ATP fivefold greate? 
than the concentration of ATP required for maximal 
inhibition of activation by low levels of pyridoxal-P in order 
to overcome loss of ATP by hydrolysis". 

If brain extracts were prepared in the convention: 
manner by decapitating the animal, dissecting the brain. at 
room temperature and homogenising in the absence of 
ATP, we found that the enzyme was 84% saturated by 
pyridoxal-P (Table 1). If ATP was added to the homogenis- 
ing medium, however, the degree of saturation fell 
significantly to 60% (P < 0.001). The difference. between 


these values (25% saturation) represents the in vitro ma 


activation of fhe enzyme. Similar significant decreases in 
the percentage saturation ewere also observed when ATR, 
was included during the homogenisation of brain samples 
obtained by freeze-blowing® or from heads decapitated into 
liquid nitrogen (Table 1), To determine whether this in vitro 
activation could be attributed to the binding of endogenous 
cofactor to the apoenzyme, the concentration of the 
endogenous pyridoxal-P was directly measured in HCIO, 


homogenates using tyrosin apodecarboxylase*’. The results® 


confirmed that there was sufficient pyridoxa®P to 
account for this activation (0.5-1.0 #M). Further evidence 
of an in vitro activation of the enzyme was provided by the 
observation that the degree of saturation of the enzyme was 
significantly lower (65%, P < 0.01) when 2% rather than 
10% homogenates (ratio of tissue weight to total volume) of 
conventionally dissected brains were prepared (without 
ATP). Thus, there seems to be a significant increase in the 
degree of saturation of the enzyme by pyridoxal-P during 
preparative procedures in vitro. 
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Table 1 Effects of methods of killing and conditions of homogenisation on the percentage saturation of brain GAD 





. GAD activity (nmol per mg protein per 5 min) 
Homogenised without ATP Homogenised with 5 mM ATP 
Method No 100 uM Saturation No 100 uM Saturation 
.. pyridoxal-P  pyridoxal-P (%) n pyridoxal-P — pyridoxal-P (%) n 
a, Decapitated and dissected 
at room temperature 6.3 -+0.2 7,5 4-0.2 844-5 4 © 5,0+0,2t 8.30.4 604-2 4 
b, Decapitated into liquid 
nitrogen -~ 6.1-+0.4 7.94-0.2 | 7143 4 3.2 4-0.4 7.3+0.5 434-3 5 
c, Freeze-blown 4.0-+0.3* 6.7 40.27 5942 3 2,640.1 7,540.3§ 3542 4- 


DASA ONCOL NATALIE NLC CA TCD CC AD AOAC QA COO ANCONA LAA 


Saturation was determined by dividing activity obtained in the absence of added pyridoxal-P by total activity obtained in the presence of 
saturating pyridoxal-P (100 uM). Whole brain from male Sprague-Dawley rats (200-250 g) was removed by three different methods. In (a) rats 
were decapitated and the brains were dissected out at room temperature. Each was then cut along the midline and half was homogenised in- 
about 9 volumes of 5 mM ATP (pH 6.5); the rest was homogenised in a similar volume of ice-cold deaerated distilled H,O. Sian dain st ved 

S 


performed within 2 min of decapitation and samples were immediately centrifuged at 16, 


g for 30 min at 4°C. The supernatant was removed 


and diluted 1:1 with buffer to give 100 mM imidazole-acetate, pH 6.5, and 5 mM mercaptoethanol, Two ml of each diluted supernatant was 
then passed over a column of Sephadex G-25 (bed volume 70 ml) at a flow rate of approximately 2 ml per min to remove ATP, endogenous 
glutamate, pyridoxal-P, and other low molecular weight compounds. The column had been pre-equilibrated with buffer at the same concen- 
tration and kept in the cold. Five ml of column effluent was collected and used for analysis of GAD activity doth in the presence and absence of 
` pyridoxal-P (100 uM). The procedure used for the enzymatic assay was similar to that previously reported” except that the enzyme was incubated 
for only 5 min and with only 1 mM glutamate. We have previously shown a one-to-one correspondence in the production of CO, and GABA 


* + 


from U-1C-glutamate”. In (b) rats were decapitated and the heads were frozen in liquid N,. After dissection at 0-2 °C each brain was ground to- 
a fine powder and divided into two equal fractions for homogenisation and further treatment as presented in method (a). In (c), brain samples 
were rapidly removed by freeze-blowing, each was ground to a fine powdgr and divided into two equal fractions for homogenisation and further 
treatment as for (a). In all cases samples with satyrating pyridoxal-P (100 pM) were significantly different from paired samples without pyridoxal- 
P (P < 0.02), Comparing corresponding samples analysed in the absence of pyridoxa+-P, significantly lower values were obtained in all cases 


when the samples were homogenised in 5 mM ATP ¢P<0.01). A similar comparison of samples analysed with saturating pyridoxal-P showed | 


* 


a significant difference only in the freeze-blow method (P< 9.05). All values are mean +Se.m. 
*Significantly different from similarly treated samples in (a) and (4), (P< 0.02). ° 


Significantly different from similarly treated samples in (a), (P < 0.05). 


{Significantly different from sinfilarly treated samples in (a) and (b) (P ¢ 0.01). E 


- §Significantly different from similarly treated samples in (a), (P < 0.05). 


a 
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Post-mortem activation ef GAD in the intact brain can 
be seen by comparing the results obtained with ATP-treated 
homogenates of brains collected by freeze-blowing and the 
results obtained with similar homegenates of brains dissected 
at room temperature (Table 1). The ffeeze-blowing tech- 
nique removes brain samples and freezes them to liquid 
nitrogen temperatures within ls thereby preventing post- 
mortem changes im the levels of adenine nucleotides and 
other energy metabolites’, We found that the percentage 
Saturation of the enzyme in homogenates of brain dissected 
at room temperature (60%) was significantly greater thah 
the percentage saturation in homogenates of freeze-blown 
brains (34%, P < 0.001). The difference between these values 
€26";) is the post-mortem activation in the intact brain. The 
activation resulted in an almost twofold increase in the 
amount of holoenzyme present in the homogenates as 
indicated by the enzyme activity measured in the absence of 
pyridoxal-P. Decapitation into liquid nitrogen also reduces 
the post-mortem activation as shown by the finding that the 
percentage saturation in ATP-treated homogenates from 
“animals in this group (43%) was significantly lower than 


æ the value ebtained with similar homogenates from brains 


dissected at room temperature (P < 0.001" A significant 
‘post-mortem activation was ato observed with samples 
homogenised in the absence of ATP. In this case, the degree 
of saturation of the enzyme in brains dissected at room 
temperature (84%) was significantly greater than the degree 
of saturation in samples from freeze-blown brains (59%, 
P < 0.001). Since freeze-blowing prevents the rapid post- 
mortem hydrolysis of ATP which accompanies anoxia‘, the 
relatively low degree of saturation in these freeze-blown 
samples could be attributed to the presence of sufficient 
endogenous ATP which reduces substantially the amount of 
binding of pyridoxal-P to the apoenzyme. A similar low 
dege of saturation was not observed in samples from 
animals decapitated into liquid nitrogen. It has been shown, 
however, that marked post-mortem changes in the levels of 
brain metabolites including a 40% reduction in the brain 
level of ATP occur during freezing by this method’. Thus, 
there is apparently an insufficient amount of endogenous 
nucleotides present in these homogenates to prevent the 
activation of GAD. 

Our results demonstrate that brain GAD undergoes both 
a post-mortem activation by pyridoxal-P in the*intact brain 
and a further activation in vitro during preparative pro- 
cedures. The high degree of saturation (84%) observed in 
homogenates of brains dissected at room temperature are 
attributable to these effects. When both types of activation 
were minimised by homogenising freeze-blown brain 
samples in 5mM ATP, the enzyme was only 35% saturated. 
Clearly, this represents an average for many brain regions 
and compartments and the actual degree of saturation in 
any particular compartment may differ significantly from 
this value. The results do indicate, however, that brain GAD 
is, in general, only partially saturated with pyridoxal-P. 
Because of the two types of activation reported here and 
the glutamate-promoted, time-dependent inactivation of the 
enzyme’, previously reported estimations of the degree of 
saturation of the enzyme by pyridoxal-P in®vivo may not 
reflect the.actual values but instead may largely be the 
result of the exptrimental conditions. These same con- 
siderations also suggest that studies dealing with alterations 
in the relationship between pyridoxal-P and GAD in drug- 
induced of pathological states may need to be reconsidered. 

It has been demonstrated repeatedly that brain GABA 
levels increase rapidly after death". The post-mortem® 
activation of GAD in the intact brain described here may be 


a factor contributing to the post-mortem change in GABA ® 


levels. 
The post-mortem activation of GAD together with the 
known effects of adenine nucleotides and inorganic 


phosphate on the interaction between pyridoxal-P and GAD 


¢ e 
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(refs 6, 14), support the idea that these compounds are 
involved in the mechanism controlling the rate of GABA 
synthesis. Although whole brain levels.*of*°ATP are quite 
constant under normal conditions, it is, conceivable that 
fluctuations in ATP levels may occur in various compart- 
ments such as presynaptic endings during periods of altered 
physiological activity. Kennedy ef al.'® provided strong 
evidence that changes in the functional state of nervous 
tissue result in changes in energy metabolism. Such chapges 
might alter the degree of saturation of GAD by pyridoxal-P 
and thereby mediate changes in the rate of GABA synthesis. 
On the other hand, the interactions between GAD, 
pyridoxal-P, and the adenine og other nucleotides may 
merely set the general level of activity of the enzyme and 
regulation may be accomplished by other, as yet unknown, 
factors. z 

We thank Dr R. L. Veech for providing a freeze-blowing 
device and Mr R. Slovis for technical assistance. 
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Effects of dietary choline 
on nicotinic acetylcholine receptors in brain 





THE administration of choline by injection! or diet? increases 
the concentration of acetylcholine (ACh) in the brain. Choline 
also increases thegactivity of tyrosine hydroxylase? (TOH) 
in dopaminergic neurones of the caudate nucleus that receive 
cholinergic inputs. This response can be blocked by atropine, 
indicating that it is due to the post-synaptic action of ACh. 
The post-synaptic alteration of TOH activity suggests that 
the level of ACh also regulates the concentration of ACh 
receptors (AChR). To produce large differences in brain ACh, 
we have studied two groups of rats, one deprived of choline 
and the other loaded with choline. We found high concentra- 
tions of ACh in the brain associated with increased amounts 
of nicotinic AChR. 

Male, Sprague-Dawley rats, 60 d ‘old (230-300 g) from five 
litters were assignéd to either choline-deficient pr choline groups 
using the splid-litter technique. Choline-defieient animals were 
maintasned ad libitum on a diet lacking choline (ICN Bio- 
chemicals) and were given distilled water to drink. The choline 
groups were maintained on the same diet but choline chloride 
15 mg ml ~ (Sigma) was added to the distilled water in the drink- 
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ing bottle. All animals were housed in groups of four to a cage. 
After 21 d, they were decapitated. The brain and hind leg mus- 
cles. from each animal. were processed individually to extract 
and quantify the receptors present, All procedures were carried 
out at 4°C. Each individual tissue was homogenised in ten 
ose and 10 mM sodium phosphateg pH 
as centrifuged at 100,000g for 60 min. 
spended (ten volumes of original weight) 

um phosphate, pH 7.4 and 1° o Triton X-100 
gently for 105 min, The homogenate was then cen- 
00,000g. for 60 min. The resulting supernatants (S,) 
| d muscle were assayed for AChR using I-a- 
bunga toxin which binds to these receptors with unparalleled 
affinity and specificity'. The nicotinic AChR from brain are 
similar to the AChR from muscle and electric fish in that they 
are located at the synapse and have similar toxin binding 
kinetics, solubility, isdelectric point and hydrodynamic pro- 
perties®~'’. Radioactive toxm was prepared by the solid phase 
lactoperoxidase method yielding a monoiodinated product 
(specific activity 1.2 104 Ci mol~) and the assay system was 
based on tite use of small columns of CM-50 (Pharmacia) to 
retain excess 18J-bungarotoxin while allowing receptor-toxin 
complexes to pass through", This is the opposite principle 
to the DEAE filter disk assay’. All assays were carried out in 
duplicate and parallel samples were pre-incubated with a 100- 
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significantly different EA the tivo. groups. The daily. intake | | 


of choline by the choline group was approximately 250 mg 


per animal. The body weight gain throughout these experiments. x | 
was not significantly different between the two groups. (See 


Tables 1 and 2). 

Additional rats were maintained In the same conditions and 
the brains were sectioned into cerebfal hemispheres (including 
olfactory bulbs), remaining forebrain, brain stem and cerebel. 
lum, to determine whether there were regional differences | in 
the relationship of AChR to the dietary manipulation. Sigs 
nificant differences in the density of AChR were observed. in 
the cerebral hemispheres (48% % increase in the high choline 
group) and forebrain (43% increase) thus accounting for most 





of the whole brain differences. A slight but insignificant inë — 
crease was found in the brain stem. In. agreement with other. S 


reports, only minimal amounts of AChR were found in the 
cerebellum?’ 5, Brain weights and extracted protein did not 
differ between the groups for any brain section: 


o ke 


Thus, these studies suggest that the receptor concentration ™ 


is positively related to ACh level. Because the range of cholines 
consumption used in the two groups was within the range of 


variation that ceuld occur in the human diet®, we Suggest that “™ 


alteration ia digt can alter prain function by controlling not, 
only the amount of ACh released but also the density of re 
ceptors with which it may interact. This observed correlation 


Table 1 Effects of choline and choline-deficient diets on brain weight, body weight, whole brain protein and nicotinic AchR concentration in oe 
whole brain and muscle 


Brain Body e Total brain 

weight weight protein mg 
Group (g) (g) (S, supernatant) 
Choline 2.07 +0; 2 1166.9 114-4-2.0 
Deficient 2 06 -+0,02 188 -4.7 120+ o I 


pmol toxin per 


pmol toxin per pmol toxin per 


g brain mg brain g muscle mg mifcle 
wet weight protein wet weight protein 
3.29 +0.13* 0.056 +-0.001 F 0.3549 +- 0.04 0.0152 +0. 001 
2.61 40.12 0.042 +.0.001 0.3359 -0.04 0.0138 10802. 


ee 
Values are expressed as mean -i-s.e.m. of 11 animals. Aliquots of supernatant were incubated with!*]-¢-bungarotoxin for 60 min at room 
temperature and then assayed. Radioactivity was determined with a Nucleus y scintillation counter at an efficiency of 50°. Protein was 


+P <0.01 , student’s rtest. 
t P<0,001, Student’s z test. 


è 


fold excess of unlabelled toxin. Specific binding was taken to 
be the difference between: the two assays with and without 
isotope dilution by untabelled toxin. There was a 26% increase 
in the concentration of specifically bound!*5]-a-bungarotoxin 
in the brains of animals which were maintained on the choline 
dfet when computed in proportion to protein extracted 
(P < 0.001) or wet weight (P < 0.01). The absolute amount of 
non-specific toxin binding was less than 25 % in all cases and did 
not differ significantly between groups. No aa differences 
were observed'in the case of AChR from muscle. The increase in 
brain AChR was not due to malnutrition or a non-specific 
effect on sow for brain 3- prain añd brain weight were not 





determined by the method of Lowry et al. 


using bovine serum albumin as a standard. 


pmol toxin per aod 


between transmitter level and receptor density has significant’ | 


implications for the relationship between cholinergic neurones 


and behaviour. Indeed it has been reported that a patient with 
tardive dyskinesia has been successfully treated with large 


doses of choline’, Although little is known about the develop- 


ment and functional implications of AChR in brain, ACh 


has long been implicated-in the physiological basis of several 


forms of behaviour”, including memory and learning. We are a 
currently investigating the relationship between diet-induced 


changes in AChR and learning in the developing and adult 
rat. The possibility of altering such behaviour by dietary 
manipulation has profound apucatons. no p 






Table 2 Effects of choline and č oline-deficient diets on bradi weight, brain protein and nicotinic acetylcholine receptor SNE, 1s in brain ie 





| sections r n 
Sant, A - Brain Brain pmol toxin per pmol toxin per i 
Group Section weight protein (mg) g weg weight mg brain protein 
ee (gz) (S, supernatant) E 
Choline Cerebral 7 1.24 +0.05 764-4.8 4.32 -+-0.56 « 0.067 +0.004* = 
Deficient hemispheres 1.23 -+0.04 844+ 11.6 3.23-+0.43 0.045 -4-004 
Choline Remaining 0.33 -+-0.03 14.06 +- 1.23 0.3804 +-0,02* 0.071 4-0. 004+ l 
Deficient forebrain 0.27-+0.04 a 13.13 +7.06 0.2424 -0,02 0.050 +-0.004. e 
Choline Brain stem e  0.20-4-0.02 6.96 +-0.88 0.2217 +-0.02 0.060 4-0.008 © 
Deficient 2 : 0.25 -0.04 9.464-2.9 0.2181 +.0.03 0.055 -+ 0.004 . 
Choline Cerebellum 0.29 +-0.01 15.34 +0.83 o 0.0339 4-0.01 0,008 -+-0.002 
iii 0.30 +-@.01 14.26 -4-1.3 0.0382 +-0.01 0.007 0,002 . 






Vides are expressed as mean +*s.e.m. of three or four animals. 
* P <0.01, Student’s ¢ test. 
Tt P< 0. 001, Student's z test. 
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Electrophysiological 
distinctions between the taste 
and smell of amino acids in catfish 


VERTEBRATES possess two principal systems, olfaction and taste, 
adapted to respond to peripheral chemical excitation. Olfaction 
i in terrestrial vertebrates is the more acute chemosensory system, 
having lower thresholds to volatile stimuli than the gustatory 
thresholds to nonvolatile compounds ?; thus, glfaction was 
termed the ‘distance’ sense and gustation the ‘contact’ sense. 
With fishes, however, chemical stimuli are present in the 
aqueous medium and it is difficult to distinguish between 
olfactory and gustatory stimuli ór to explain the development 
of two chemical senses in the primitive aquatic vertebrates. 
7 Fishes exhibit important morphological distinctions between 
»© olfactory and gustatory systems both at the periphery and 
==. centrally’, and yet, in catfish, amino acids are the most 
effective stimuli known for both systems*®*. This sensory over- 
-lap does not reflect a simple duplication of receptor function, 
however, as the olfactory and gustatory systems of catfish differ 
-in amino acid sensitivity, specificity and response characteristics, 
which could allow for the functional separation of the chemical 
“Senses inan aquatic environment. 
Channel catfish, Ictalurus punctatus, approximately 70-200 g, 
immobilised with Flaxedil (gallamine triethiodide> 0.1 mg 
dy wt) and positioned in a Plexiglas container with 
-well-water containing MS 222 (tricainemethane sul- 
te; 1: 8,000 dilution) perfusing the gills throughout the 
ments; this combination of Flaxedil and MS 222 provided 
yé stable preparation than either agent alone. Stimuli 

























ontinuous flow of well-water directed to the maxillary 


snsitometry of dye solutions. Taste solutions were diluted 
t to 60%, and olfactory stimuli at least to 25% of their 
plied koncentrations. For the taste experiments, the eye was 
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electrode and covered with mineraBoil to prevent drying. To 
record, olfactory receptor responses, a flap of tissue dorsal to 
the olfactory capsule was removed and a’ metal-filled glass 
capillary electrode tip plated with Pt-black® with a ball diameter 
between 15 and 25 pM was positioned between adjacent olfactory 
lamellae near the midline. Both gustatory arid olfactory 
electrical activity were amplified by a conventional capagity- 
coupled preamplifier, passed through an averaging circuit 
(Sanborn Model 350-1400 amplifier operated on the a.c. jinear 
mode) with a rise time of 1.0 s and displayed on a pen recorder. 
The underwater electro-olfactogram (EOG) (ref. 7), a9 olfactory 
mucosal slow potential’, was recorded with calomel electrodes 
via Ringer-agar filled capillary pipettes, amplified by a direct- 
coupled amplifier and displayed on a pen recorder. An essential 
requirement for successful recording preparations was the use 
of freshly obtained fish. A rapid decline of olfactgry and 
gustatory receptor sensitivity occurred with increased holding 
time in the laboratory’. x e ' 

Catfish olfactory and gustatory responses revealed many 
similarities, but were functionally distigguishable by four 
criteria: phasic-tonic response characteristics, amino acid 
thresholds, neural spike synchrony and ordeying of effective 
amino acids. The asynchronous neural response of the maxillary 
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Fig. 1 a, Catfish taste and smell responses to a 2-min stimulation 
with 0.1 mM L-alanine; summated taste recording exhibits only a 
phasic response (1), while summated olfactory neural. (2) and 
EOG (3) responses show both phasic and tonic components. b, 
Responses to applied concentrations of L-alanine (taste) and 
L-cysteine (smell); neural taste (1) and simultaneously recorded 
olfactory neural (2) and EOG (3) responses to applied stimulus 
concentrations are shown. Lack of olfactory tonic component 
due to short stimulus. duration. c, Power relations’® between 
chemoreceptor responses and amino acid stimulus concentra- 
tions. (1) Taste neural responses; logR = 0.132 loge + 1.84, 
r = 0.99. (2) Olfactory neural (A) and EOG (@) responses, 
logNR = 0.125 loge+1.95, r = 0.99; logEOG = 0.163 log 
c-+ 2.06, r = 0.98. Taste and olfactory neural responses exhibit 
similar slopes (range 0.07-0.14); EOG slope is somewhat larger 
(range 0.14-0.29); dotted lines show interesection of linear 
regression lines with control responses yielding threshold values. 
Taste is more sensitive than smell in catfish for the compounds 
tested. All plotted values have been cogrected for dilution and are 
estimates of the stimulus concentrations at the receptors; taste 
solutions were difited by 0.2 log unit and olfactory solutions were 
diluted by 0.6 log unit as determined by photodgnsitometry of dye 
solutions. The olfactory neural response to 10~* M L-cysh (b2) 
was omitted from the graph (c2) due to partial synchronisatjon 
* of the neural spike activity"'1*. The processing of this „partially 
synchronous activity by the amplifier averaging circuit resulted in 
the larger than expected response amplitude, and was therefore 
not used in determining the olfactory neural threshold. 
# * 


* 


a * = 








*@ 4, 9 





Nature Vol. 266 28 April 1977 
¢ 


+ ; 
barbel taste nerve to an aghino acid stimulus revealed a quickly 
adapting phasic response (Fig. 1, al) with thresholds averaging 
1077417 M (Figs 1, 61, c1) for the more effective amirto acids. 
The absence of the tonic component of the gustatory response 
was due possibly” to adaptation occurring at the synapse 
between the tdste bud cells and the innervating axon", 

Neural and EOG recordings from olfactory neurons, néuro- 
ephitheljal cells which do not form synaptic connections until 
the receptor cell axons reach the central nervous system in the 
olfactory bulb, exhibited a phasic component followed by a 
tonic response which remained throughout the stimulus dura- 
tion (Fig$2, 3). Olfactory thresholds were less than those observed 
for the taste system and averaged 10-*4*!° M (Fig. 1, b2, ¢2). 
Also, a partial synchronisation of the axonal spike activity! 
occurred with the more responsive preparations when long inter- 
stimulus intervals (> 5 min) and high concentrations (2 10-4 M) 
of the*more potent amino acids were utilised. Self stimulation 
of the olfactory orgam by the EOG has been a suggested 
mechanism for the ntural synchrony’®. Gustatory neural activity, 
however, always remained asynchronous. 

The difference ih olfacfory and gustatory thresholds is not 
simply a reflection of the differences in the neural recording tech- 
niques. The résults with the Pt-black ball method (olfactory 
neural recording), which samples a smaller population of neurons 
than the Pt~Ir electrode (gustatory recording), are consistent with 
those obtained from the EOG recordings, which measure the 
voltage change due to the current flow through the extracellular 
resistance of the olfactory epithelium from allgthe receptors 
being stimulated’. 

Chemoreceptive specificity of both systems was determined 
with several amino acids and their derivatives. Both olfactory 
and gustatory responses were strongly influenced by the position 
of the amino group. Amino acids having an amino group in the 
a positien (those derived from proteins) were the most effective. 
Olfactory and gustatory receptors ere also able to discriminate 
enantiémeric pairs? indicating that the chemoreceptors involved 
possess a corresponding chirality. The L-isomer of an amino acid 
was always more effective than its p-form, although certain 
B-amino acids were more stimulatory than other L-forms. A 
major difference, however, between olfactory and gustatory 
respo to amino acids in the catfish involved the amino acid 
side chain. Although both chemosensory systems of catfish were 
able to detect extremely dilute concentratéons of amino acids, 
each system was specific for particular side groups of the amino 
acids. The more effective amino acid stimuli based on the neural 
responses of both chemical systems are listed in Fig. 2; however, 
neither list correlates with the amino acids essential for growth 
in this species’? 
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Fig. 2 Comparison of stimulatory effectiveness of the ten most 
potent amino acids tested on the maxillary bgrbel and olfactoty 
mucosa at 0.4 mM applied concentrations; estimated concen- 
trations at the seceptors were 6x 10 M for the taste (a) and 
2.5x10> M for the olfactory (b) stimuli as determined by 
photodensitometry of dye solutions. Relative position of each, 
chemical is represented as a percentage of the response to the 
standard (Std), 0.1 mM L-alanine. n, number of fish tested. Bars 
indicate s.d. 
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The taste system was highly responsive to, the amino acids of 
low molecular weight having unbranched and uncharged side 
chains. A majof exception was the response to L-arginine, the © 
second most effective taste stimulus, which is a positively 
charged, higher molecular weight amino acid. The ability of an 
amino acid to initiate a large gustatory response fell off rapidly 
after arginine, and the tenth compound in Fig. 2, L-threonine, 
elicited a response only 50% of fhat of the most effective 
chemical, L-alanine, tested at equal stimulus concentrations. 

The olfactory system was not as specific as the taste system 
and was responsive to a group of amino acids. The sulphuf® 
containing amino acids, L-cysteine and L-methionine, were. most 
effective, with less of a decrease in effectiveness as one proceeds 
down the order in comparison with taste. The tenth compound 
L-threonine, produced a response of approximately 75% of thft 
of the most effective olfactory stimulus tested at equal molar 
concentration. In general, EOG recordings reflected a similar 
listing of effective amino acid stimuli, but the order was not 
identical with that for. the neural recordings. a 

Amino acids are likely to be important in various aspects of 
fish behaviour. Both cartilaginous and bony fishes orient towards 
an amino acid source’ ~!*; however, the relative importance of 
olfaction and taste in the detection of the amino acids stimulus 
and in the Phitiation of specific behavioral responses is generally 
unknown. In catfish, conspecific chemical communication by 
pheromones is thought to be mediated entirely by the olfactory « 
sense’, and feeding behaviour primarily by the gusfatory 
sense’. If certain amino acids or combinations of amino acids 
provide chemosensory information concerning social or feeding 
behaviour, then a differertce between the olfactory and gustatory 
receptor responses could code for the appropriate behaviouraP 
responses. Although the olfactory and gustatory ¢eceptor 
mechanisms are not understood, each system may have more 
receptor sites for particular amino acids physiologically relevant 
to that system. o 

Whether amino acids such as alanine and arginine, the most 
effective taste stimuli tested, signal a natural food source in the 
animal’s environment, or whether compounds such as cysteine 
and methionine, the most efficacious olfactory stimuli tested, 
are of pheromonal nature, is yet to be determined. 

The present experiments indicate that although the olfactory 
and gustatory systems of the channel catfish are highly sensitive 
to the a-amino acids, each system responds differently to iteme 
chemical eavironment as determined by electrophysiological 
recordings. 
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Calcium utilisation during 
by osmotic shock in a bivalve mollusc 


* 
Durg aerial exposure, some littoral marine bivalve 
molluscs, for example Mytilus’ and Mercenaria’’, have been 
ġ shown to close their valves and respire anaerobically. The 
major by-product of anaerobiosis in the clam Mercenaria 
#,,ercenaria is succinic acid which is neutralised by the die- 
solation of calcium carbonate previously deposited in the 
shell?’, The ability of bivalves to respire anaerobically has 
geen well documented, an early review on this subject’ 
records a variety of species which are able to survive 
long periods in the absence of oxygen. Most evidence for 
anaerobic metabolism in bivalves is based on observations 
that on return to aerobic conditions, oxygen consumption 
i rapidly rises to levels above normal’*. A similar ‘over 
shoot’ in heart rate has been reported™™". These observa- 
*tions have been explained as representing an increase in 
am circulatory, and respiratory activity associated with the 
repayment of an ‘oxygen debt’ incurred duting the period 
of anaerobiosis, The changeoves from aerobic tò anaerobic 
respiration in bivalves has been reported to occur when the 
* oxygen tension of the surrounding water falls to very low 
levels or to low tide when the bivalves may close the 
valves” >"; We report here results which are part of an 
extensive study of osmotic and behavioural responses of 
Scrobicularia plana (Da Costa), “a euryhaline estuarine 
®species, to varying concentrations of seawater and demon- 
. strate *the use of calcium from the shell to buffer the 
» products of anaerobiosis. The concentrations of sodium, 
potassium, magnesium and calcium were measured by 
atomic absorption spectrophotometry in the body fluids and 
medium under different conditions of osmotic stress at 
19 °C. 
“When Scrobicularia were transferred from aerated 30%, 
seawater to aerated 6% seawater, the concentrations of 
Nat and other ions, except Ca’*, in mantle cavity fluid 
, and blood fell gradually to the level of the external medium 
z within 14 d (Fig. 1). At first the valves remained closed for 
 <@ long periods but after 7d pumping activity took place for 
+ 


500 


: 






& 


Sodium nM) 
Ş 
= 





0 4 5 42 16 3 24 28 


Time (d) 







k * 
_. Fig. 1 Nat concentrations in S. plana transferred directly from 
Q 


} mantle cavity fluid; (@), blood from the ventricle; 
A), medium. Each point is the mean of four determinations 
made on samples pooled from 12-14 individual S. plana 
sélected randomly. Throughout the experiment? the animals 
were fed regularly on Tetraselmis and the medium was changed 
every % h. Ionic determinations throughout were also made on 





which have been omitted for clarity. - 


3 seawater (day 0) to 6% sea water in well aerated conditions œ 


pericardial fluid and pedal haemolymph with similar results e 
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more than 50% of the time. In captrast to the other ions, 
the calcium concentration in the bldod rose to a maximum 
value df about 30 mM (about three tinges the normal con- 
centration in 30%, seawater) within 5-7 d of the transfer, 
after which time the concentrations of calcium in all body 
fluids dropped towards that of the external ‘medium (Fig. 
2a).“From day 18, a low stable level of calcium was main- 
tained comparable with previously published values for 
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Fig. 2 a, Ca?*t concentrations of S. plana transferred directly 
from 30%, seawater (day 0) to 6%, seawater. Procedure and 
symbols as in Fig. 1. b, pH of mantle cavity fluid, medium 
(symbols as in Fig. 1) and extrapallial fluid () from same 
animals as (a). Extrapallial fluid obtained by drilling the right 
valve between the adductor muscles. Bars represent s.d. of 
10 samples from each of 10 animals. Determinations by Ingold 
micro pH assembly with Radiometer, M63 pH meter. 


other bivalves. Indeed the rise in calcium concentration 
has not been reported previously because former studies 
have determined calcium concentrations after a long 
acclimation period of 3-4 weeks (refs 11-13). The pH of the 
extra-pallial and mantle cavity fluids changes in a marmer 
similar to calcium (Fig. 2b). 

The increase in calcium concentration over the first 7 d 
is correlated with our observations. of the behaviour of S$. 
plana under these extreme changes in osmotic concentra- 
tion. Recordings of valve movements and gill pumping 
activity show that after reduction of the salinity of. the 
medium, animals largely remain closed but gradually 
expose the mantle tissue and from the seventh day begin to 
interact more with the medium, the increase of valve move- 
ments and pumping activity coinciding with the fall in 
calcium concentration and pH. During the initial period 
when the valves of Screbicularia are closed, we have shown 
by microdiffusion and thin layer chromatography that 
ammonia accumulates in the mantle cavity and that suc- 
cinic acid is the major organic acid accumulated in the 
tissues. This has been confirmed by De Zwaan (personal 
communication). . 

To determine*whether the rise in calcium is due to 
anaerobic metabolism during the acclimation period, Scro- 
bicularja were placed in 30%, oxygen-free seawater under 
nitrogen. The calcium levels in all body-fluids rose slightly 
to 14-16mM and remained, at that level over the 6-d 
period (Fig. 3a, A). During these 6d the valves remained 
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© open. On the sixth dayg"(Fig.” 3a, B), the bivalves were 
osmotically stressed by changing the medium to 6%, oxygen- 
free seawater, resulting in valve closure and inaétivity. 
The concentration of calcium increased reaching a maxi- 
mum of about 30mM after which it fell towards that of 
the medium (Fig. 3a, C). The pH value of the mantle 
cavity fluid (over the first 6-d period) is lower than thaf of 
the’ medjum, as in Scrobicularia respiring aerobically in 
no rmal Seawater (Fig. 3b), but upon transfer to 6%, 
oxygen-free seawater, the pH values correspond with those 
of Fig. 26: On the 13th day some S$. plana were closed 
forcibly BY counteracting the hinge ligament with rubber 
bands and within 3 d the calcium concentrations in the 
body fluids of these animals increased by 50%, (Fig. 3a, D). 
In Scrobicularia kept in 30°, oxygen- -free seawater with 
their valves forcibly*closed, there is a rapid increase in the 
calciunf concentration over a 2-d period to about the same 
level as those reached*by animals in 7 d when subjected to 
an osmotic shock uhder aërobe conditions (Fig. 4). After 
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Fig. 3 a, Ca** concentrations of S. plan: placed ir ree 
30%, seawater on day 0 (A). (Symbols and procedure asi ig. T ) 
© After 6 d the animals were: additionally. ‘subjected to osmotic 
stress, by immersion in oxygen-free 6%, seawater (B and C). 
After a further 7 d the valves of 20 animals were forcibly closed 
(D). b, The pH values in animals under the same conditions as 
Fig. 3 a, ‘determined 3 as în Fig. 2. 


ee 


the second day, the valves were allowed to gape. normally 
and the calcium concentrations dropped to normal levejs 
within 2d. Unljke animals subjected to osmotic shock, 
those in oxygen-ree normal seawater kept.their valves 
| open, and continued pumping activity. We suggest that 
continuous water flow through the mantle cavity may. 
| explain the lack of a noticeable rise in calcium concen- 
tration, for in these conditions no anaerobic metabolites 
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Fig. 4 a, Ca** concentrations and b, pH values of S. plana with 
valves forcibly closed transferred from aerated 30% seawater to 
oxygen-free seawater (A). After 2 d the bivalves were allowêd to 
gape normally while remaining in the same medium {B}: After a 
further 2 d the medium (30%,, seawater) was aerated (C) Samples 


and analytical procedure as in Figs | and 2. 
e 


will accumulate and in consequence no buffering will be. 
required. 

Adverse environmental conditions, such as osmotic 
stress, may cause S. plana to close its valves for periods 
of up to 7 d. During prolonged valve closure respira- - 
tion is anaerobic and, due to lack of ventilation of the «ms 
mantle cavity, metabolites, for example succinic acid and 
ammonia, accumulate. A parallel increase in calcium ion 
concentration, probably by. dissolution of the shell, is 
thought to act as a means of buffering these metabolites 
during an initial period of acclimatisation to the extreme 
salinity change. í 
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X-ray microanalysis of freeze-dried 
ultrathin frozen sections of a regulating 
epithelium from the snail Otala 


MANY epithelial cells are Known to regulate the flow of water and , 


ions across the epithelium. This has been observed in various 
animals! and is probably an essential feature of all living 
“organisms. Hibernating Otala lactea (Mollusca, Gastropoda, 
Pujmonata) can survive long periods of drought without access to 
water by regulating the evaporative water loss from the mantle 
epithelium?. Machin? has shown that these snails are as efficient as 
nsects at controlling water loss when they are hibernating, yet 
‘hen they are active and crawling they lose water at the same rate 
as does a free water surface. To achieve this the animals produce an 
osmotic gradient across the mantle epithelial cells of approxi- 
mately 4.5 Osm kg”! from the cell base to the apical plasma 
membrane’. X-ray microanalysis of freeze-dried frozen sections 
ə has shown that the levels of silicon, chlorine, potassium, iron and 
zine are significantly greater in hibernating (regulating) mantle 
tissue than 1n tissues taken from normal actively crawling snails, 
„and a gradient can be observed wiphin these cells. e 
Hibernating snails were kept in a dry and undisturbed place in 
the laboratory? while others, which were active, were enclosed in a 
gla® tank with lettuce leaves. Small samples (1 mm?) of mantle 
tissue were excised from both hibernating and active snails within 
20 s of their removal from their containers. The tissue was frozen 
on to brass specimen holders* by immersion into liquid nitrogen 
e slushat — 210°C (ref. 6). Blocks of tissue were carefully trimmed so 
that tle square blockface included a vertical section through the 
superficial layers of the mantle epithelium. Trimming and section- 
ing(130 nm) were done ina cryostat containing an ultramicrotome 
`ë ay temperatures at which ribbons of ultrathin sections could just 
be obtained, that is control blocks at ~—72 °C; regulating at 
— 76°C. ‘Dry’ ribbons of sections were pressed into contact with 
Formvar-coated nickel grids‘-?, freeze dried at their cutting 
temperatures for 3h in the cryostat and in the presence of dry 
nitrogen, warmed slowly to —15 °C overnight and brought to 
ambient temperature in the presence of dry nitrogen. They were 
then coated with 20-30 nm of carbon to prevent rehydration’. 


«me Sections were analysed either in EMMA 4 (analytical electron 


microscope) equipped with LINK system energy glispersive de- 
tector or in the AEICORA analytical microscope (courtesy of 
Kratos Ltd, AEI Scientific Apparatus). The specimens were held in 
graphite inserts to reduce the background readings. Analytical 
conditions were carefully controlled and matched between both 
instruments-——accelerating voltage, 60 kV; beam current as meas- 
ured by Faraday cage, 4.0 mA: spot size, 100 nm: overall c.p.s., 
200--700; counting time {00 s. 

Gupta etal.’ have studied the distribution of three ions within an 
„insect Malpighian tubule by analysing hydrated ‘thick’ frozen 
sections of 1-2 um. In our experience there are considerable 
advantages in the use of freeze-dried ultrathin frozen sections. The 
morphology of the cells is sufficiently clear to relate the structures 
seen in ultrathin frozen sections to thoe@ seen in sections of 
conventignally fixed and embedded material, The good resolution 
in our micrographs is due to the initial thinness of the section and 
the removal of water by freeze drying. This also means thdt there is 
less lateral spread of electrons around the area of the probe and 
consequently leads to an improvement in analytical resolution 
with good peak to background ratios. 

Analysig of tissue from ribbons of ultrathin sections of con- 
sistent thickness makes it possible to express the results by volume 
(thatis P —h) rather than by mass (personal communitaition frome 
H. Héhling). We felf that the results expressed in this way have 


+ ; ‘ Fie ‘tvs + et eee 
greater biological significance than relative mass fractionse 


((P—6))/W, where P — bis the integrated peak minus back ground 
for an element, and W is the continuum or measurement of mass), 
. provided that sections are of uniform thickness and freeze drying 
‘Causes no lateral redistribution of labile elements. The conunuun?® 
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Ee ere for the regulaNing af control cells showed that 
there was no significant difference ingsection thickness (means, 
where#: = at least 30 measurements, regulating 3,382+94; con- 
trols 3,387 +231). Previous work suggests that there is no signi- 
ficant redistribution of diffusible elements*during sectioning or 
freeze drying, and Gupta ef al.’ have claimed that there were no 
‘pavallel changes in either the characteristic counts or the distri- 
bution of elements’ in their sections before and after drying. * 

The subcellular detail of the regulating epithelium is showa in 
the electron micrographs (Fig. la, b, and c)’. Figure la shdws an 
ultrathin frozen section and Fig. 1b an enlargerhent.of the apical 
region. The results of the X-ray microanalysis of thts and other 
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Fig. 1 a. Low power electron micrograph of freeze-dried ultrathin 
frozen section of the regulating epithelium Orala lactea. b, High 
power electron micrograph showing the detail in the apical region of 
the regulating epithelium (from a). c, Conventionally prepared 
section of regulati@g epithelium after fixation and embedding. my, 
Microvilli in the apical region; m, mucocyte cells; n, nuclei j, 
junctional complexes; v, vesicles (in 4); Iv. (in c) laminate vesicles; 
arrows (6) indicate mitochondria; circles (b) enclose ice-crystal 

artefacts. ° 


sections are summarised in diagrammatic form in Fig. 2, and How 
that in the apical region there is a marked increase in the relative 
concentrations of both chlorine and potassium, and that there isa 
significant concentration gradient within the cells of the regulating 
epithelium from the apical plasma membrane’ to the nuclear 
regions at the base of the cells. There is, however, a difference 
between the ‘light’ and ‘dark’ areas of the nuclei: it is not clear at 
this stage if the ‘dark’ areas of the nucleus represent the condensed 
chromatin. There is also a greater variance in the chlorine and 
potassium data than for the other elements shown in Fig. 2. It may 
be that this is an indication that these elements are predominantly 
unbound and that their concentrations are not constant. The lower 
variances for phosphorus and calcium may be due to the fact that 
they are at least partially ‘bound’. 

The silicon levels in the apical region of the regulating epithelium 
are significantly highefthan in the controls (1,011 +72 regulating: 
685 + 68 controls). A concentration gradient is established similar 
to that shown for chlorine and potassium. This cannot be an 
artefact due to silieon contamination from the glass knives because 
cutting with diamond knives does not reduce fhe levels of silicon 
observed. It cannot be due to contamination from silicon in the oils 

„Of the microscope vacuum system because this element is absent 
from the oils used in our instrument. X-ray microanalysis has also 
established that there is no silicon in the carbon used to evaporate 
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-~ 
Fig. 2 Elemental composition (by volume) of various elements at four 
levels with the epithelial cells in regulating and control snails (Otala 
i; lactea). 1, Apical microvilli région; 2, mitochondria; 3, adjacent 
i ground cytoplasm below each mitochrondria; 4, nucleus ‘light areas’; 
eS 5, nucleus ‘dark areas’. The variances shown are the standard errors 
of the means and reflect true biological variation rather than errors in 
acquiring the analytical data. No figures are given for sodium because 
the sodium levels in general were too low to reflect any significant 
trends, When potassium levels were high, howewer, the sodium levels 
were low. In a few examples-the higher sodium levels were always 
accompanied by lower potassium. 






















the 20-30-nm layer of carbon over the sections. And it cannot be 
“due to electrons being scattered by the denser organelles, thereby 
enerating silicon X-rays within the lfthium-drifted silicon de- 
‘because the mitochondria show a greater electron density 
-but not the highest level of silicon. We fegl therefore that silicon 
nay have a greater biological significance than has been assumed. 
‘The changes in concentration of iron and zinc between regulat- 
_ingand control epithelium indicates that these elements are related 
o fundamental physiological processes within the cells. The 
ased concentration of zinc, for example, may be related to its 
as an enzymatic cofactor associated with carbonic anhydrase, 
is known to be present in mantle epithelial tissue’. . 
preliminary results have shown that X-ray microanalysis 
‘eeze-dried ultrathin (130 nm) frozen sections is sufficiently 


: + 
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sensitive to detect physiologically signifigan changes in the 


concentration of elements at phe %ubcelluldr level. Further — 





measurements on the elemental composition of structures within 


these cells are being made and these results will be published in the 
near future. ° 

T. C. APPLETON 
Department of Physiology, 
University of Cambridge, 
Cambridge, UK 
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Right-left asymmetry of myelin development 
in epiretinal portion of rabbit optic nerve 


DOMINANCE is the priority or preferential activity of one 
member of any bilateral pair of structures in the body. The 
phenomenon of dominant hand, foot and eye for example 
is well known in humans and this basic sidedness is thought 
to be cerebral in origin. Based on experiments on ayslio- 
genic seizures evidence has been produced for an asym- 
metry of cerebral function in certain inbred strains of 
mice’. In other animal species dogs are known to have 
preference of paw, and right-left eye dominance in the 
visual cortex of cats has been demonstrated’. Various 
theories have emerged to explain ocular dominance*, It 
is generally accepted that this is not associated with sig- 


nificant structural differences between the two halves of eum 


the brain’. Apart from morphological evidence for left- 
right asymmetrics in temporal lobes of speech regions", very 
little evidence for anatomical differences has been produced 
in humans or other animals. The rabbit retina is unique 
in having bundles of myelinated nerve fibres extending 
equatorially from the optic disk, which are unmyelinated 
at birth but in which myelination begins at 9-10 days of 
age’. I present ‘here results which indicate that the 
sequence of myelination is asymmetrical between the right 
and left eyes, one being dominant. 
Rabbits are born with closed eyes which open on the 
10th day after birth. I noted that 19 out of 24 rabbits 
opened the right eye first followed by the left several hot 
later while the renin 5 rabbits opened the left ey 
The optic nerve enters the retina 3-4 mm abovegthe r 


brain from the optic head and extends nasallyeand tem 








porally into two bands of ‘medullary rays’. The. epiretinal 


strips were dissected after whole body werfusién with 4%. 


glutaraldehyde’ and immers@éd in 1% osmic acid. The eye 


which opened first showed blackening of the fibres at a 


comparatively faster rate than the othereeye (Big. la, b). 


These empiretinal strips were embedded as previously 
described”. 


Serial 1 gm sections were cut from nasal to temporal — 

e side of the epiretinal strips of both right and left eye from — 
24 animals: 12 more rabbits were also included in this * . 
study. The sections from the 9-d-old rabbit showed only a 
few myelinated nerve fibres close to the disk of Ane eye, 2585 


* while no myelinated fibres were present in the other (Fig. 


4 













@ Note the intensity and size difference of the 


N fibres in the right strip (d) (arrow). x160. 
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Fig. 1 a, b, Eptretinal portion dissected 
from 9-d-old rabbit. Left (a) and right (b) 
eye photographed 15 min after osmication. 


L-R strip. c, d, 1 um section from 9-d-old 
rabbit of left (c) and right (d) eye epiretinal 
strip through the optic disk stained with 
toluidine blue showing a few myelinated 


(le. Sf, Left (e) and right (f) eye epiretinal strip 
section through the optic disk of 10-d-old 
rabbit. Note the dominant myelinated fibres 

in right (f) eye. x 160. 


le, d). The right eye was usually more advanced than the 
left. $ 

From the 10th day onward, both eyes show myelinated 
fibres® but where the right eye opened first, the number of 
myelinated fibres was much greater than in the left eye 
which opened several hours later (Fig. le, f). In cases where 
the jeft eye opened first the left eye was more advanced in 
the number of myelinated fibres. This anatomical feature 
of myelin dominance was difficult to see later than 22d 
after birth. The nasal and temporal halves of the strip of 
each eye are also asymmetrical in both size and develop- 
ment of myelin sheaths, the latter side being dominant. 

Examination of | wm sections from right and left optic 
nerves from 1-3-d-old rabbits also showed that earlier 


«æ myelination of the nerve fibres in the right eye occurred 


in about 75% of the animals, and earlier myelination of the 
left was seen in 25%. 

In the adult rabbit the anatomical asymmetry which 
exists during early development could not be observed 
morphologically. It was, however, demonstrated by light 
stimulation studies. 

It is likely that the earlier onset of myelination in one 
eye is associated wish the dominant brain hemisphere, 
which during development would most probably show mor- 


“phological asymmetry, possibly one side (half of body) 


e ? Blakemore, C. & Petti 


developing at a comparatively faster rate rather than the 
Size difference betwen the two halves of the hemisphere. 
The ratio 3:1 between the right-left dominance suggests 
that the mechanism is genetically_corffolled. 

It is @mpting to draw a compfrison between the asym- 
metry in*rabbit and man in that the cortical dominance 
may be due.to early maturation of one half of the hemis- 
phere and herve fibres arising from it rather than neurone 
size. ” 

H. K. NARANG 
MRC Degnyelinating Diseases Unit, 
Newcastle General Hospital, 


Westgate Road, ` ° 


Newcastle upon Tyne, UK 
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New type of representation for’ 
mapping chain-folding in protein molecules 


CONFORMATIONAL details of small molecules can easily *be 
visualised in the usual stereo diagrams used by crystallographers, 
but such details cannot be readily visualised for proteyn mole- 
cules made up of thousands of atoms. For such large molecules 
special types of reBresentations become necessary for depicting 
their three-dimensional structure, in the form of two- 
dimensional diagrams. In view of this, many attempts to 
represent the conformational details in protein molecules, 
have been reported! I present here a new method for 
mapping the folding of the backbone polypeptide chaipsof 
protein molecules. This representation brings out all the 
features of protein folding, with no degeneracy caused by 
depicting the conformational details, and is useful in readily 
recognising all the secondary structures, without ambiguity, 
as one progresses along the chain. 

The backbone conformation of a protein chain can be 
completely specifiedl by the twin dihedral angles (@, y)* Since 
the ‘peptide unit’ can be taken to be planar for all practical 
purposes. (There are some indications that the peptide unit is 
nonplanar®*™, but the deviations from planarity can be con- 
sidered to be very small when compared to the full range of 
variations for the dihedral angles » around the single bond 
N—C* and yw around C"—C.) It has become customary to 
plot the (9, y) values at each C*-atom of a protein molecule 
in the Ramachandras map to show how the dipeptide con- 
formations conform to the limits of the hard-sphere and soft- 
sphere models in the (9, w) map. But the details of the 
secondary structures as one progresses along the chain are 
not readily available in this representation. la order to achieve 
this, some sifigle parameters have been deteloped to be used 
in chaħ plots*:*, but there is an inevitable degeneracy in these 


chain plots, since many conformations will give rise to the 


same value for such a single parameter representing a particular 
residue. 
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wae *. 
The following chain representation overcomes the difficulties 
_ mentioned above, and seems to give a good overall picture of 
_ ‘the folding of the protein molecule as. one progresses along 
the chain. o 
"The residue numbers are sequentially taken along the X-axis 
and the corresponding 9 and y values are plott& along the 
_ ordinate with different symbols. Symbol A is chosen for © 
and, V for y. For proper visual effect these two symbols for a 
given residue are joined by a vertical line. This «ind of chain 
representation for mapping of protein folding is shown in 
Fig. 1 for ¿he case of a-chymotrypsin (ref. 13). F 
-In this representation the a-helices are seen as stretches of 
_ short: vestical lines around 55° “on the ordinate (see, for 
“example, residues around 240). The P-stretches are seen as 
-> stripes of long vertical lines encompassing almost the whole 
» range of the ordinate (see for example, residues around 225). 
' The three types of bend conformations'** or loops can be 
. at once recognised and identified in this kind of map, The 
© residuesfcorresponding to the three types of loops are marked 
as 1, If and HI at the bottom of Fig. 1 jp pharacteristically, 
loop I has two short lines sandwiched between two long lines 
% (see for example residues 27-30); loop ÍI has a similar pattern, 
¿° but the third residue has y value less than the @ value (see 
* for example residues 23-26). Loop HI is simply a part of 
b 3.0, o-helix and an example is seen in the residues 55-59. It 
sheuld be ndted that changes from these characteristic patterns 
would give tell-tale evidence of distortion in the loops. In 
Fig. 1 such distorted loops have been marked with a question- 
= mark and these agree well with the observations of Birktoft 
and Blow? * | 
Important feature of the folding in a-chymotrypsin are the 
two approximately similar domains, each having a ‘barrel’ 
of anti-parallel B-sheets, termed cylinder [and H by Birktoft 
and Blow!®. Each cylinder is made up of six anti-parallel 
B-stretches, each of which is hydrogen-bonded to two neigh- 
ouring B-stretches, and thus forming a barrel. The six 
B-stretches have bee ced by horizontal lines just above 
the corresponding p g. 1. They have been labelled 
\, B, C, D, E, F in cy ind A’ B’ C D’ E’ F’ in cylinder I, 
`> following Balasubramanian”. The bonding mates of each of 
«i the B-stretches have also been indicated by arrow-head ‘bows’. 
_ The broad similarity between the patterns in this mapping for 
© cylinder I and IT is obvious. 
~ Shotton and Watso 
‘tosy! elastase and ex 
belongs to the sam 
Nishikawa and Ooi” 
f the two simila 
PPosite sense; that i: 
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idea to a-chymotrypsin which 
proteins—the serine proteases. 
ntend that the primary structures 
correspond to each other in the’ 
residues 39 to 112 correspond to residues 
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‘type of mapping for the protein molecule a-chymotrypsin. A, @ values; Y, w values. 





e arrc indi i I, IT and HI represent the three 
‘The arrow-headed bows indicate the bonding mates of the B-stretches A, B and so on. For further details see text. .° 


i 
230 to 133 in gn approximate way. Hence the B-stretches involved 
inthe cylindrica? domains hdve been appropriately labelled'*,~ 
and an approximate mirror symmetry can be seen in the map 
(Fig. 1), with the mirror situated near residue number 22. 
But a closer look may justify a translational symmetry too. 

It is readily seen that for the B-stretch of residues 20-24, there 

is a corresponding one of residues 128-132 (these sequences 
of residues can in a way be called B-stretches, though there 
are no regular hydrogen bonds with a neighbouring extended. i 


conformation); these stretches precede the stretches of residues... * 


k 


forming the similar domains. However, in the distorted 
B-stretch B, there is a ‘break’ at residue 41 (a short vertical 
line) and correspondingly, there is one at 210 in the distorted | 
B-stretch B’. The paradoxical existence of both the approximate _ 
mirror symmetry and translational symmetry in the map. 
arises because there is already an approximate mirror symmetry 
in the stretches 29-112 corresponding to cylinder [ and 133-230 © 
corresponding to cylinder II (a mirror could be ‘placed’ near 
residue 60 and another near residue 190). Due to the distortions 
in the similar domains, one cannot resolve the question 
unequivocally. Nevertheless, this type of mapping is very ~ 
useful for observing such intrinsic details of chain folding. 

The method of mapping chain folding in protein. molecules _ 
presented here seems to have many advantages over many 
other types of representations reported in the literature, and 
can be used as a uniform and stereotyped ‘finger printing’ 
for all protein molecules. ee 
R. BALASUBRAMANIAN 


Department of Crystallography and Biophysics, 
University of Madras, Guindy Campus, 
Madras 600025, India 
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